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I Introduction

With the level of income inequality in the U.S.imig to record levels in recent years, popular
concern with this question has grown, as illusttater example by the Occupy Wall Street
movement. The topic of inequality has even breadhedwalls of the central banking community,
and a number of monetary policymakers have depdrted their traditional focus on aggregate
considerations to discuss the potential distrimatieffects of monetary policy actions (Mersch 2014
Bullard 2014, Forbes 2015, Bernanke 2015). But keen typical monetary policy decisions, much
less quantitative easing or forward guidance, affmpnomic inequality is a priori ambiguous
because of the number of channels through whickethetions affect agents. In this paper, we show
that contractionary monetary policy shocks by tleeldfal Reserve have historically been followed
by persistent increases in income and consumptiequiality and provide evidence on some of the
channels underlying these distributional consegeg€ monetary policy.

One channel that can generate heterogeneoussetiechonetary policy on income is the
income composition channd, i.e. the fact that there is heterogeneity achosseholds in terms of their
primary sources of income. While most householdig pamarily on labor earnings, others receive
larger shares of their income from business, firsrar transfer income. To the extent that monetary
policy affects these different forms of income iheterogeneous manner (and it does), then different
types of households will experience different inecoatcomes. For example, richer households tend to
receive relatively more business income, and stheelatter tends to rise relative to wages after
expansionary monetary shocks, this effect would tenincrease income and consumption inequality.
A second channel is tHenancial segmentation channd: if some agents frequently trade in financial
markets and are affected by changes in the monmlysprior to other agents, then an increase in the
money supply will redistribute wealth toward th@ggents most connected to financial markets, as in
Williamson (2009) and Ledoit (2009). If agents mdpating actively in financial trades have higher
income and consumption on average than unconnemgedts, then this channel implies that
consumption inequality should rise after expansipmaonetary policy shocks. An additional channel
pushing in the same direction is thartfolio channel. If low-income households tend to hold relatively
more currency than high-income households (Erosd “entura 2002, Albanesi 2007), then
inflationary actions on the part of the central lbbamould represent a transfer from low-income
households toward high-income households which avtarid to increase consumption inequality.

Two other channels, however, will tend to move iraity in the opposite direction in response
to expansionary monetary policy actions. The fgshesavings redistribution channel: an unexpected

increase in interest rates or decrease in inflatithbenefit savers and hurt borrowers as in Daepk
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and Schneider (2006), thereby generating an inereagonsumption inequality (to the extent that
savers are generally wealthier than borrowers). Jéwond is thesarnings heterogeneity channd.
Labor earnings are the primary source of incomerfost households and these earnings may respond
differently for high-income and low-income houseat®to monetary policy shocks. This could occur,
for example, if unemployment disproportionatelylsalipon low income groups, as documented in
Carpenter and Rogers (2004). Similar effects cauilse among the employed due to different wage
rigidities across the income distribution (e.g.nfranionization in production but not management),
varying degrees of complementarity/substitutabiityh physical capital depending on agents’ skill
sets, or different endogenous labor supply respgofreen household-specific characteristics which
differ across the distribution. Heathcote et ab1(@), for example, document that the labor earnatgs
the bottom of the distribution are most affectecbbginess cycle fluctuations. The income compasitio
channel could also push toward reduced—rather ihareased—inequality after expansionary
monetary policy since low-income households receveaverage, a larger share of their income from
transfers (e.g. unemployment benefits, food stampg)ransfers tend to be countercyclical.

In short, these different channels imply that #iect of monetary policy on economic
inequality is a priori ambiguous. As a result, wentto the data to assess whether U.S. monetary
policy has contributed to historical changes instonption and income inequality in the U.S., and if
so, through which channels. To do so, we studydiimamic responses of measures of consumption
and income inequality to monetary policy shocksntdeed as in Romer and Romer (2004). Our
measures of inequality come from detailed houseledd data from the Consumer Expenditures
Survey (CEX) since 1980. These data are availabl@ digher frequency (quarterly) than other
sources such as IRS data employed by Piketty ard @®03), which is necessary to analyze the
effects of monetary policy shocks. While the CEXeslmot include the very upper end of the income
distribution (i.e. the top 1%) which has playedamsiderable role in income inequality dynamics
since 1980 (CBO 2011), the detailed householdHdata do allow us to consider a wide range of
inequality measures for labor income, total incoommsumption and total expenditures.

Using these measures of inequality, we document thanetary policy shocks have
statistically significant effects on inequality: antractionary monetary policy shockises the
observed inequality across households in incon®grl@arnings, expenditures and consumption.
These results are robust to the time sample, ssiclrapping the Volcker disinflation period or all
recession quarters, with only earnings inequaligpldying some sensitivity. They are also largely
invariant to controlling for household size and estlobservable household characteristics such as

age, education and family size. The effects are@wacally large for consumption and expenditure
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inequality, and moderate for total income inequalitut the effects on earnings inequality are much
smaller. Given the historical sequence of iderdifirronetary policy shocks, these shocks appear to
have played a non-trivial role in accounting foclggal fluctuations in some forms of inequality ove
this period. While the contribution of monetaryipglshocks to labor earnings inequality is virtyall

nil in forecast error variance decompositions,sitapproximately 10 percent for total income at
longer horizons and over twenty percent for condionpand expenditure inequality. Furthermore,
monetary policy shocks can account for a surprisingount of the historical cyclical changes in
income and expenditure inequality, particularlycsithe mid-1990s.

The fact that overall labor earnings inequalitypaexls little to monetary policy shocks masks
some underlying distributional heterogeneity. Aftercontractionary monetary policy shock, upper
income households (90percentile) see their labor incomes rise on aweeratptive to the median
household, but so do low income household$’ (iércentile), at least temporarily. This leads to a
widening of the earnings distribution at the upjadrbut a condensing of the distribution at thevdo
tail, i.e. the earnings distribution becomes mémned as in Guvenen et al. (2014). There is thexefo
evidence for the earnings heterogeneity channeh #wugh its effects on the second moments of the
distribution are very small.

The effects of monetary policy shocks on totabme inequality are larger, a feature which
appears to primarily reflect the income compositbannel. We find that the incomes of households
at the 9@ percentile rise somewhat relative to the mediamshbold, while households at the"10
percentile see their relative incomes fall paraciyl sharply. This is consistent with the fact tloay
income households receive a much larger shareedf tlcome from transfers than labor earnings
than other groups, and real wages rise relativteattsfers after monetary shocks. We also find that
financial income rises sharply after monetary polshocks. Because the top 1% of the income
distribution receive a disproportionate share efrtincome from financial income (CBO 2011), our
baseline results on income inequality are mostylikdower bound since they exclude the top 1%.

The effects on consumption and expenditure inetyuaie larger still. But unlike the
heterogeneity in income inequality, heterogeneitgansumption and expenditure is driven primarily
by the upper end of the distribution: those atafie percentile see a much larger rise in consumption
and expenditures relative to the median houselhald the relative decline seen by those at tife 10
percentile. In fact, the relative changes in consion at the upper end of the distribution are
significantly larger than their relative changesimtome, which suggests that portfolio, savings

redistribution and/or financial segmentation chdsnaust also play some role.



Because the CEX does not include reliable measeiré®usehold wealth, it is difficult to
identify these channels. For example, in the almssefconsistent measures of the size of household
currency holdings or financial market access in @eX, we cannot directly quantify the specific
(money holding) portfolio channel emphasized by aflesi (2007) or the financial market
segmentation channel in Williamson (2009). Norlett® to the extent that both channels imply that
contractionary monetary policy shocks should loas@rsumption inequality, the fact that our baseline
results go in the opposite direction suggests ttiege channels, if present, must be relatively Ismal
However, in the case of the savings redistributioannel, we provide evidence of wealth transfers by
identifying high and low net-worth households fellng the characterization of Doepke and Schneider
(2006), namely that high net-worth households dderp own their homes, and receive financial
income while low net-worth households are youndeye fixed-rate mortgages and receive no
financial income. We find that while the averagepmnses of total income and labor earnings are
broadly similar across the two groups, consumptiod, to a lesser extent, total expenditures rise
significantly more for high net-worth householdsrinow net-worth households after contractionary
policy shocks.

Finally, we consider the sensitivity of these fesswo the nature of the monetary policy
innovation. Specifically, we focus on changes ie ffed’s inflation target, identified either as in
Coibion and Gorodnichenko (2011) or as in Irela2@D@). Permanent decreases in the inflation target
are also associated with higher levels of laboniegy total income, expenditure and consumption
inequality. While historical changes in the Fedifiation target account for a smaller fraction loé t
forecast error variance than broader measures oétay shocks for each form of inequality, changes
in the inflation target can account for the vasjamty of the dynamics of inequality over the eatty
mid-1980s, indicating that the Volcker disinflatipariod likely played a particularly important rate
accounting for the evolution of economic inequatitying this time period.

Monetary policy therefore may well have played arensignificant role in driving recent
historical inequality patterns in the U.S. than omght have expected. These results are noteworthy
for several reasons. First, the potential contrdoubf monetary policy to inequality has received
relatively little attention in the economics literee (Romer and Romer (1998) is an early exception)
Understanding and quantifying the sources of iniguia a first step to determining what kinds of
policies, if any, are most appropriate to addrésS$econd, the heterogeneity in consumption and
income responses across households, as well ashdmnels underlying them, are of immediate
relevance to monetary economists and policymakersufderstanding the monetary transmission

mechanism. In addition, some research has link&dgriinequality to credit booms and financial

4



crises (e.g. Rajan 2010, Kumhof et al. 2015), floeeesuggesting a potential link from inequality to
macroeconomic stability. Third, there is a growinmgacroeconomics literature integrating
heterogeneous agents and distributional effects Niew Keynesian models to revisit optimal fiscal
and monetary policy designOur results provide a rich set of stylized fad®ut the conditional
responses of income, earnings and consumptionrpaieross households to monetary policy shocks
that can be used to calibrate and differentiatevéen different classes of heterogeneous agent
models, in the same spirit as the use of monetaligypshocks by Christiano et al. (2005) to estenat
the parameters of New Keynesian models. Finallgeme work (e.g. Heathcote et al. 2010) has
emphasized not only the cyclical component to ecvooinequality but also the variation in
inequality across business cycle episodes. Withgdgin monetary policy having been proposed as a
potential contributor to the Great Moderation (e3darida et al. 2000), one can naturally consider
monetary policy as also affecting cyclical ineqtyatiatterns.

The paper is structured as follows. Section 2udises the Consumer Expenditure Survey, the
construction of inequality measures and their udd@nal properties. Section 3 presents the main
results on the effects of monetary policy shocks imetome, labor earnings, expenditure and
consumption inequality. Section 4 assesses thetlwedllects of monetary policy shocks while

section 5 considers the implications of changdherninflation target. Section 6 concludes.

[ Measuring I nequality
In this section, we briefly describe the Consumepdnditure Survey and the construction of

measures of inequality for total income, wage inepoonsumption and total expenditures.

21 The Consumer Expenditure Survey

The Consumer Expenditure Survey (CEX) is the meoshprehensive data source on household
consumption in the U.S. and is used for constrgatirights of the Consumer Price Index (CPI). The

CEX, which is provided by the Bureau of Labor $tiats (BLS), consists of two separate surveys:

the Interview Survey and the Diary Survey. In ttisdy we only use data from the Interview Survey

since the Diary Survey covers only expendituresroall items that are frequently purchased, mostly
related to food. The Interview Survey provides imfation on up to 95% of the typical household's

consumption expenditures. The CEX is a monthlytmoggpanel, where households are selected to be

representative of the US population, and is avilab a continuous basis since 1980. About 1,500-

! Examples include Gornemann et al. (2014), Guérard Lorenzoni (2015), Luetticke (2015), Aucle20(6),
Kaplan et al. (2016), and McKay and Reis (2016).



2,500 households are surveyed in any given morgbh lBousehold is interviewed once per quarter,
for at most five consecutive quarters, althoughfitst interview is used for pre-sampling purposes
and is not available for analysis. In each intexyithe reference period for expenditures covers the
three months prior to the interview month. Howewbke within-interview variation is much lower
than the between-interview variation because theS Birocesses many individual expenditure
categories assigning a third of the reported spenth each of the three months. Moreover, many
households also seem to smooth their reported -thoegh expenditures equally over the three
months. While these three-monthly periods do nohade with calendar quarters and monthly
spending can include information from periods adsa given calendar quarter, we aggregate
monthly expenditures into quarterly expendituremtximize the size of the sample and thus reduce
sampling error in the resulting series as wellcamake the resulting series conformable with other
macroeconomic variables. In robustness checks,xplre alternative aggregation approaches and
find similar results. In short, “household timg”quarterly.

We define household consumption as the sum of moabies (e.g. food and gasoline),
services, and expenditures on durable goods (ergitdre, jewelry). We also construct a broader
measure of household expenditures by adding matgegl rent payments, health expenditures,
education spending and other expenses to houseboklimption level$. As recommended by the
BLS, we sum expenditures that occur in the sametimbut are reported in different interviews.
Income data is asked in the first and last intevyiend financial data is only asked in the lasrview.

The reference period for income flows covers thelter months before the interview. All nominal
variables are deflated using the CPI-U and sureeypée weights are consistently applied. To reduce
the influence of outliers, we winsorized income apdnding variables at bottom and top 1 pertent.

Much work has been devoted to assessing the quafithe CEX relative to other data.
Heathcote et al. (2010), for example, compare ircamequality data in the CEX with equivalent
measures from the Panel Study of Income Dynami&DOPand the Current Population Survey
(CPS). They find strong comovement among pre-tariegs inequality measures from all three
surveys. Attanasio (2003) and Attanasio et al. 42Gmilarly document the consistency of wage
inequality in the CEX and the CPS. More concern lbeen raised with respect to underreporting of

2 We correct sample breaks due to slight changekdnquestionnaire of the following variables: foadhome
(1982Q1-1988Q1), personal care services (2001@a) pacupation expenditures (2001Q2). To furtherrowp the
quality of the data, we drop the following obseiwas: interviews with more or less than three mbnth
observations; households reporting zero food ail texpenditures; and observations with negativeerdjtures
where there should not be any.

3 See Appendix B for more details on how we pro&EX data.



consumption in the CEX. For example, Krueger e{2010), Aguiar and Bils (2015) and Attanasio
et al. (2012) document that the CEX underreportssemption relative to aggregate data and that
this underreporting has become more severe over {n the other hand, Bee et al. (2012) compare
reported consumption spending data in the CEX tmparable data from the national income
accounts data and find that the CEX data confowsety to aggregate data for large consumption
categories. For our purposes, the potential ungertieg of consumption in the CEX is less of a
concern, since we will focus on cyclical fluctuat$soin consumption inequality. In addition, our
empirical specifications will focus on changes nequality rather than levels. Nonetheless, the
potential limitations in the quality of the CEX sey data are an important caveat to bear in mind.

22 M easur es of I nequality

Given the availability of household data on botmsigmption and income, the CEX allows us to
study the behavior of both forms of inequality. d@ so, we focus on three ways of measuring each
form of inequality: Gini coefficients of levels,ags-sectional standard deviations of log leveld, an
differences between individual percentiles of thess-sectional distribution of log levélghe Gini
coefficient has long been used to measure ineguail summarizes the extent to which a variable is
equally allocated across different components efdlstribution. In addition, we will also use the
cross-sectional standard deviation of log valuekifig logs diminishes the sensitivity to outlietg b
requires us to drop observations equal to zeropirirast to the Gini coefficient. Finally, we ube t
difference between the 9(ercentile and the Y0percentile of the log levels in each distribution,
which also requires the elimination of observatiovith values of zero. However, the percentile
differential is less sensitive to extreme obseopretiin the tails of the distributions.

Given the detailed data in the CEX, we will comesitivo forms of inequality for income and
consumption each. On the income side, we first tcoos measures of labor earnings inequality
across households. Given the survey nature of ake, the advantage of labor earnings is that they
are likely to be known with the highest precisionhouseholds relative to other forms of income.
The disadvantage is that labor income is only component of most households’ income. As a

result, we also construct measures of total incimeguality based on labor earnings as well as

4 All of our baseline measures of inequality are ,rae. do not control for any household charactiesslike the
number of household members, age, education, kis.ig because some of the channels by which mgnptdicy
might affect inequality could be systematicallyated to some of these observables. For exampleettigribution
of wealth from borrowers to savers should likelyreéated to the age of households. Controllinggge would
make it more difficult to identify this kind of chael. Similar logic applies to other household elteristics.
However, while our baseline measures do not corftiolany household observables, we consider a numbe
robustness checks in which we do control for hoakkbharacteristics.



financial income, business income and transfere&oh household. Because individuals in the CEX
are asked about their income only in the first stl quarters of their participation in the suraeyl

the BLS imputes income for periods in between, we anly those individuals who are reporting
their income in each survey to construct measuféecome and earnings inequality. Hence, the
sample used to construct income inequality measeaet quarter is only a subset of the total
population in the survey that period. We will fogusmarily on pre-tax measures of total income,
although we also present after-tax income inequaitasures and show that our results are robust to
this alternative measufeAppendix Table 1 reports correlations among tHéedint measures of
inequality for both income and labor earnings:calirelations are quite high, with those for income
being 0.89 or above over the entire sample fronD@A8to 2008Q4.

Similarly, we construct both a narrow and broadasuee of consumption inequality. The
narrow measure, which we refer to as consumptiequality, includes the same categories as in
Parker (1999). Consumption goods in this categociude non-durables, services, and some durable
goods (household appliances, entertainment gokelsdievisions, furniture) but do not include large
durable purchases such as house and car purchiésedso define a broad measure of consumption,
which we refer to as total expenditures and whiatudes the previous definition of consumption as
well as mortgage payments, purchases of cars, aleslipplies and services, and tuition and books
for schooling among others. In contrast to incomeasares, consumption and expenditure data for
individuals in the survey is measured every suwaye, so consumption and expenditure inequality
measures use the entire population in the surveli pariod subject to the caveats discussed in
section 2.1. For both consumption and expenditwesaggregate all reported purchases within each
definition at the household level, then construngtquality measures across households. Appendix
Table 1 documents high correlations across measfiegoenditure inequality, ranging from 0.75 to
0.89. Correlations among the consumption measuecslightly smaller, ranging from 0.79 to 0.43.

23 Unconditional Propertiesof Inequality Measures

Figure 1 plots the historical inequality measurdsintome, labor earnings, expenditures and
consumption inequality measures from the CEX basedhe cross-sectional standard deviation
(Panel A), Gini coefficient (Panel B) and theé"a® 10" percentile differential (Panel C), averaged

over the previous and subsequent quarter to illtestmore clearly business cycle and low-frequency

variations. Consistent with results documented hia literature (Krueger and Perri 2005), our

5 Following Kueng (2012) we compute tax burdens gishre TAXSIM calculator of the NBER; see Feenbend a
Coutts (1993). The code is available at http://wmver.org/~taxsim/to-taxsim/cex-kueng.



measures of total income inequality are all tregdip over time. A similar pattern occurs for labor
earnings inequality when measured using the Gieffimdent but not when measured using the cross-
sectional standard deviation nor the"90 10" percentile differential, a feature of the dataoals
documented in Heathcote et al. (2010). There agpsincrease in all forms of inequality in thelgar
1980s. Income inequality rises over the coursehef 1990s but not consumption or expenditure
inequality measures. Finally, there is a noticedeldine in expenditure inequality over the cowke
the 2000s despite there being no such decreaseame inequality.

The figures therefore reveal some evidence of cgkclbehavior in inequality measures,
consistent with Heathcote et al. (2010). Table #&sents unconditional correlations between
inequality measures and quarterly inflation, thermaployment rate and the Federal Funds rate. All
series are HP-filtered prior to measuring corref&iso that the latter primarily reflect businegde
fluctuations rather than trends. Correlations fiedent forms of inequality with the inflation rasee
very small and somewhat negative. Similar resulitaio with interest rate correlations. Labor
earnings inequality is weakly positively correlatedh the unemployment rate and negatively with
inflation. Expenditure and consumption inequalitg anore strongly negatively correlated with the
unemployment rate. This could be interpreted asdgoebnsistent with a wealth channel, whereby
even if income inequality varies little with the diness cycle, cyclical fluctuations in asset prices
have significant effects on wealth holdings of induals, leading to lower consumption and
expenditures of the wealthy during recessifo@uerall, however, the unconditional correlatioms d

not point toward very strong links between busirsgdes and inequality patterns.

M1 Effects of Monetary Policy Shockson Inequality

In this section, we present baseline results feratiects of monetary policy shocks on measures of
income inequality. We first discuss the construttd monetary policy shocks, then present results
quantifying the effects of these shocks on diffeferms of inequality in the U.S., as well as numbe
of robustness checks. We also present results @n rhonetary policy shocks affect different
components of the distributions, whether mobilitithim the distribution changes after monetary

shocks, and the economic importance of monetaigypfir inequality dynamics.

31 The ldentification of Monetary Policy Shocks

6 Consistent with this, Parker and Vissing-Jorger{809) document that consumption of high-incomesiebolds
moves disproportionately with aggregate consumption



To characterize the effects of monetary policy (MR)inequality in the U.S., we follow Romer and
Romer (2004, RR henceforth) to identify innovatidnsmonetary policy purged of anticipatory
effects related to economic conditions. RR firgtistouct a historical measure of changes in thestarg
Federal Funds rate (FFR) at each FOMC meeting ff®#&® until 1996. Using the real-time forecasts
of the Fed staff presented in the Greenbooks pidoeach FOMC meeting (denoted By, RR
construct a measure of MP shocks from the compookpblicy changes at each meeting that is
orthogonal to the Fed'’s information set. Specificahey estimate

Affn = @ + Bf fbm + X1 ViFnAYm,i + Xi——1 Ai(FnAYm,i — Fne14Vmi) + X1 @iFn T +

1 0;(FpTtm — Fo1 T ;) + piFpueq + &, €]

where m denotes the FOMC meetingfb,, is the target FFR going into the FOMC meeting,
FnAy,; is the Greenbook forecast from meetm@f real output growth in quarters around meeting
m (-1 is previous quarter, 0 is current quarter,)ef; ., ; are Greenbook forecasts of GDP deflator
inflation, andF,,ue, are Greenbook forecasts of the current quarteresage unemployment rate.
The estimated residuads, are then defined by RR as MP shocks.

We extend the RR dataset on MP shocks until Deeen2008 as follows. First, we
incorporate more recent changes in the target F¢eiRled upon at regular FOMC meetings. Second,
we extend the Greenbook forecasts until Decemb@8,2he most recent period through which the
Federal Reserve has released them. The datasetorieeextends until the zero-bound on interest
rates became binding in December 2008. Estimatirgekact same specification as RR upon this
extended dataset since January 1969 yields a ssgudnVIP shocks at the frequency of FOMC
meetings. We then construct a quarterly measur®®fshocks by summing the orthogonalized
innovations to the FFR from each meeting withiruarter. Consistent with the results documented
in RR, the shocks are particularly large and vidati the early 1980s during the Volcker disinfbaiti
(Appendix Figure 1). The shocks also identify pdsian which policy was more contractionary than
usual conditional on real-time forecasts. For eXdamihne “pre-emptive strike” against inflation in
1994-1995 is visible as a period of consistentlgifpee MP shocks, as is the 2005-2006 period. The
2000-2004 period, on the other hand, is identifsdmore expansionary than would have been
typical given staff forecasts of macroeconomic c¢tamas, consistent with Taylor (2007).

Before turning to the effects of MP shocks on usdity, we first investigate how
contractionary monetary policy actions affect macmmomic aggregates, financial variables, as well a
more detailed income and consumption aggregatedolfdey Jorda (2005) and estimate the response

of economic variables to monetary policy shoclkdifrent horizon$ using local projection methods
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h h
Xern = Xesnog = ¢ + Z§=1 aj( )(xt—j - xt—j—l) + X .81( )ef—R} +errory,, h=0,...H (2)
wherex is the variable of interest and thB? are quarterly monetary policy innovations. Witle th

exception of interest rates, we use first-diffeesnof macroeconomic variables in estimating (2) and

N H
generate accumulated impulse responses to MP shiocks the estimatec{ﬁl(h)}hzo.7 As a

benchmark, we sel=2 and1=20. We estimate the system of equations acroszadmsr jointly.
Standard errors are as in Driscoll-Kraay (1998)Ikow for arbitrary serial and cross-sectional asro
horizons and time. For each impulse response, vesept one and 1.65 standard deviation
confidence intervals, as well as p-values for testhe null hypothesis that the impulse resposse i
equal to zero for all horizoris= 0, ..., H. We consistently usd=20 quarters.

The results are presented in Figure 2 using data 1969:Q3 to 2008Q4, the entire period over
which MP shocks are available. For comparabilitpsg specifications, we define the time sampledbase
on the time series of the dependent variable foiztvo h=0. Over the entire sample, contractionary
monetary policy shocks lower real GDP and raisenph@yment, and lower consumption. The reduction
in consumption obtains for both durables as well@sdurables and service$hese results conform to
the empirical literature on the effects of MP stsdee Christiano et al. 1999 for a review).

In addition, we consider the effects of MP shochksreal housing prices (Case-Shiller price
index deflated by the GDP deflator), which are @igaarly important component of household
wealth. Real housing prices, the major financiaka$or many households, decline gradually after on
to two years, ultimately falling by 5% after a dmendred basis point shock to the FFR. This suggests
one channel through which monetary policy migheetffhouseholds differently: to the extent that
households’ wealth is not allocated in the samenmaacross assets, then those households whose
wealth is particularly concentrated in their homauld tend to experience very different wealth effec
than non-homeowners. Wong (2015) presents additamidence in line with this channel.

Figure 2 also presents responses of different esust income to contractionary MP shocks.
The response of real wages is not statisticallfeint from zero over either sample, while business

income drops rapidly and significantly. Financiatome, on the other hand, rises significantly. [Tota

7 It is conventional to assume that monetary paiegcks do not have contemporaneous effects ontoimfiation,
etc. but may have contemporaneous effect on intestss, etc. Consistent with this convention, ve¢ the
contemporaneous effect for all variables (exceptftll funds rate) to zero in the impulse resporesgarted in Figure
2. That is, we us%ﬁl(h)} rather thar{/?éh)} for all variables but fed funds rate. For fed famalte, we usé@éh)}.

8 NIPA'’s definitions of spending are different froour definitions of consumption/spending in the CEBXPA's
non-durable consumption is the closest counterdastir definition of consumption in the CEX. Appéxdable 13
documents that the response of non-durable congompg similar to the response of CEX-based measfire
consumption. Thus, although there is a discrepamtiye aggregate levels of CEX and NIPA spendihg,impulse
responses to monetary policy shocks are not nedlgstifferent.
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income from transfers drops over the first yeagradt shock before returning to its original levidius,
these results suggest that heterogeneity in incmurees across households may also lead to importan
distributional consequences to monetary policyoasfi Contractionary monetary policy will tend to
raise incomes for those who receive a lot of fimginocome but lower incomes for business owners.

3.2  ThekEffectsof Monetary Policy Shocks on Inequality
To quantify the overall effects of MP shocks on remmic inequality, we estimate a version of
equation (2) using inequality measures for totalomne, labor earnings, total expenditure and

consumption, defined as in sectiof®2:

h h
Xern = Xesnog = €M + Z§=1 a].( )(xt—j - xt—j—l) + Xl Bi( )efﬁ +erroryy, h=0,..,H (2
Note that we allow a contemporaneous responseeguality to monetary policy shocks because of

time aggregation in the CEX data (we discuss thisenbelow and in Appendix A) and thus the
impulse response is given {ﬁéh)}::o.
We do so for each form of inequality using threfedent measures of inequality for each: the

cross-sectional standard deviation (of logged wjue Gini coefficient, and the difference betwee

the (log) 9@ percentile and the (log) % @ercentile. While MP shocks are generated regresBagan
(1984) shows that if the null hypothesisﬁg‘) = 0 for anyh = 0, ..., H, then standard errors need no

adjustment. Furthermore, as discussed in Coibiah @Garodnichenko (2012a), explicitly adjusting
standard errors for the presence of generatedssegrehas negligible effects in this setting bezdlus
shocks are the residuals from the first stage rdtran the fitted values. Given the consensus view
among mainstream economists that monetary policy glayed little role in affecting economic
inequality in the U.S., this is a reasonable rauli¢ld. Furthermore, because MP shocks are thiugdsi
from estimates of equation (1), they will be laygetthogonal to contemporaneous economic conditions
and other factors absorbed into the error ternguagon (2), further justifying the use of unadpast
standard errors. In estimating equation (2) fogiradity measures, we consistently use a lag steictu
J = 2 andl = 20 quarters, but show later that our results arengisee to alternative lag structures.
Figure 3 presents the accumulated impulse respdr@® estimates of equation (2) for each
form of inequality (income, labor earnings, expémd and consumption) and measure of that

inequality (standard deviation, Gini, and"a@ 10" percentile differential) using data from 1980Q3

% In Appendix Figure 2, we show that these diffei@nesponses of incomes also hold in the post-128d.

10 To ensure that changes in inequality are not driwechanges in the composition of CEX households time,
we hold the set of households constant when welledtc changes in measures of consumption and eipend
inequality from a given quarter to the next one.
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until 2008Q4 and the associated one and 1.65 s@hrdiviation confidence intervals. For each
response, we again repgrvalues for the test of the null hypothesis thatnetary policy shocks
have no effect on each form of inequality acrosqrak= 0, ...,20) horizons. The results for both
income and labor earnings inequality point to stally significant effects of MP shocks on
inequality. For total income inequality, the riseinequality is somewhat delayed, occurring one to
two years after the shock depending on the spetifasure. We can strongly reject the null of no
response in income inequality, both pointwise agér horizons and across all horizopsvélues
<0.01). The results are almost identical if we affer-tax income inequality (Appendix Figure 3).
Furthermore, the quantitative responses are relgitlarge: a one hundred basis point increaseen th
FFR leads to increases in income inequality thdtdfeone standard deviation (Appendix Table 1).
With earnings inequality, the responses are lessigely estimated. Although we can still reject the
null of no response over the entire horizon andiags inequality appears to be moderately higher
two to three years after the shock, the evidenae higher inequality in earnings after a
contractionary monetary policy shock is more tewmeathan it is for overall income inequality.

Strong and persistent effects of monetary poliwyc&s are consistent with other evidence for
the economic effects of these shocks. For exanjgemer and Romer (2004) find that the maximum
effect of monetary shocks on GDP occurs two yeties a shock and the effect remains significant
after then for quite some time. Coibion and Gorodenko (2012b) and others document that
monetary policy is extremely persistent so thatanetary shock is propagated for a long time. To
assess whether the strong response of inequalflaisible, we focus on the Volcker disinflation
when the experiment is perhaps as clear cut asamget. The cumulative Romer-Romer shock over
1980-1984 is approximately 1.5 percentage pointe Tongress Budget Office (2011, Figure 11)
estimates that the Gini coefficient for market im& plus transfers increased by approximately 3
percentage points. Our estimates in Figure 3 sidbat given the cumulative size of the shock (1.5
percentage points), Gini inequality should haveaased by approximately 1.5 percentage points for
income. Theoretical models are also consistent wihse magnitudes. For example, the
heterogeneous agent model of Gornemann et al. Y2@dglies that a one hundred basis point
increase in the federal funds rate should raisertbeme Gini by approximately 0.003 percentage
points, or around one-third of what we find, whardhe calibrated model of Luetticke (2015)
predicts a larger response of the income Gini & ®/02 percentage points, or twice what we find.

Our estimates are therefore in line with both hmistd and theoretical magnitudes.
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Turning to consumption and expenditure inequabtyery measure of inequality points to a
statistically significant and highly persistent ri@ase in inequality after a contractionary monetary
policy shock. Furthermore, the point estimatesefquenditures are consistently larger than for other
forms of inequality, pointing to MP shocks havinigptoportionately large effects on expenditure
inequality relative to other forms of economic ioelity. With the volatility of consumption and
expenditure inequality being significantly loweaththat of income inequality (Appendix Table 1),
this translates into even larger economic effegtene hundred basis point monetary policy shock
raises inequality in expenditures and consumptioagproximately three standard deviations éach.
In short, across all forms of inequality (with ordgrnings inequality being a possible exception) an
the different ways of measuring each type of inétuathe impulse responses indicate that

contractionary MP shocks are associated with higher levels of economic inequality.?

32 Robustness

We consider a number of robustness checks on émshmark result. First, we assess the sensitivity
of our findings to lag lengths in specification.(®)sing fewer lags of monetary policy shocks has
little qualitative effect on the result, as illustied in Appendix Figure 4 for the cases12. We also
consider using more lags of the dependent variadgdt#ing J=4, which requires us to drop two
quarters in 1980. While this has little effect ome tresponses of income, expenditure and
consumption inequality, both the Gini and the 90m@asures of earnings inequality now point
toward a brief decline in earnings inequality aftentractionary monetary policy shocks (Appendix
Figure 5). To identify whether this reflects thediin of lags or the reduction in the time sample,
we re-estimate our baseline specification of (2)tmg the entire Volcker disinflation period (i.e.
starting in 1985Q1). Results for income, expenditand consumption inequality are again largely
unaffected, but earnings inequality now briefly ldexs when measured using all three inequality

measures (Appendix Figure 6). This suggests thatrige in earnings inequality identified in the

11 The fact that the estimated response of incomsfegr inequality is weaker than the estimated nespoof
consumption/expenditures need not indicate an sistancy. First, income measures reported in CEXatdnclude
changes in valuation of assets. In other wordsaifiation gains are not realized, they are notrdszb in CEX.
Obviously, households can consume more in respgonsapital gains and thus consumption/expenditespanses can
be stronger. Second, consumption can be more leddisperse than current income because consumgaiomespond
to news about future income. For example, if theoine process has positive correlation of growtksrge.g. an
ARI(1,1) process), consumption will be more volatthan income because households want to stash&ume against
their future income that is greater than the curiecome. Third, CEX survey questions about incaefer to the
previous twelve months while consumption questiefer to more recent periods (the last three moaothsore
recent). Thus, a weak response in measures of smgmequality may be a result of this CEX limitation

12 We find similar results (Appendix Table 12) whea use monetary policy shocks identified from charigefed
funds futures around FOMC announcements (see Gtweitko and Weber (2016) for more details on the
construction of these shocks).
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benchmark results could be particularly sensitovéhe Volcker disinflation period, a feature which
is not the case for the other inequality measunesontrast, if we drop all recession periods fribve
analysis, we find that the rise in earnings ineiqpid much more pronounced than in the baseline
case (Appendix Figure 7) while the results for otfms of inequality are again qualitatively
unchanged. Hence, while the rise in income, experaliand consumption inequality after
contractionary monetary policy shocks appears toebgarkably robust, there is more sensitivity in
the response of earnings inequality to the spetiifie period included in the analysis.

As a second set of checks, we investigate wheaibe benchmark results are sensitive to
timing assumptions. Specifically, the survey quesiin the CEX ask respondents to report their
spending for certain types of goods over the previthree months (other types of spending are
reported at the monthly frequency). The resultingdhth spending for these types is allocated into
monthly spending by imputing a third of the 3-montinsumption to each month that falls into the
given 3-month period. Because a third of particigahouseholds is surveyed in a given month, the
total level of spending in a given calendar quamefudes consumption that may occur in other
calendar quarters. As a result, time aggregatighese cohorts to the quarterly frequency cantead
a temporal structure which does not conform to tisstd for monetary policy shocks. As shown in
Appendix A, this implies that our local projectiapproach will recover a smoothed average of the
underlying impulse response functions.

An alternative approach is to construct a differgunarterly sequence of monetary policy
shocks to conform to the timing of each consumptigiinin each cohortA, B, andC), construct
inequality measures within each cohort, and théimate the response of inequality as a system of
equations across cohorts and horizons:

K s
h n (A A
AaHh(C(A)) =yhd + Z a,(c )Aat_k(C(A)) + 2 BS( )et(_g_RR + errort(_h),
k=1 s=0
K s
h n (B B
Ao, (CB)) = yhB 4 Z 0(,(c )Aat_k(C(B)) + Z B )et(_z_RR + errortfh),
k=1 s=0

K s
Aoy, (CO) =y + Z a,((h) Ao, (CO) + Z ,Bs(h) et(E)S_RR + errort(,,?,
k=1 s=0

forh =0, ..., H, where we restrict the impulse responses to bedahe across cohorts. We allow for
fixed effects which vary by cohort and horizoy). (This alternative approach, described in more

detail in Appendix A, ensures that the timing ofmatary policy shocks conforms to the timing of
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consumption within each cohort. However, becausectbss-section of each cohort is much smaller,
each inequality measure is now much noisier than lmnchmark measures. As illustrated in
Appendix Figure 8, this alternative timing sign#itly reduces the precision of the estimates (as
expected from noisier measures of inequality) aadl$ to more transitory increases in consumption
inequality, but does not otherwise alter the gatilie result that contractionary monetary policy
shocks raise consumption and expenditure inequality

Finally, we want to ensure that our results alisbto household characteristics. Our baseline
measures of economic inequality across househatdshal control for a number of household
characteristics such as number of people in thedimid, age of household members, education, etc.
Because work on inequality sometimes normalizesétoald income and consumption by the number of
individuals in the household, we also consider mmessof income and consumption inequality across
households adjusted using an OECD equivalence.'Scele results (using the cross-sectional standard
deviations) are very similar to those in our basefAppendix Figure 9), with only the response of
consumption inequality being significantly smali&xd more transitory than in the baseline.

We also consider measures of inequality afterroting for factors which would contribute to
differential income and consumption levels acrassskholds. For example, we control for age of the
head of household (quartic polynomial), the numbkradults and the number of children in the
household, race, the education level of the hedwuo$ehold, and a number of other characterisyics b
first regressing logged household income, earnitmssumption and expenditures on these observables.
Inequality is the cross-sectional standard dewviatd the residuals across households (since Gini
coefficients cannot be constructed using residudizin, the estimates are qualitatively unchanga
only the response of consumption inequality beiggifscantly smaller (but still significantly posie).

In short, contractionary monetary policy shocksyeha discernable effect on economic
inequality: they are followed by prolonged riseimcome, consumption and expenditure inequality

and, to a lesser extent, a rise in labor earnimgguality.

34  Why Doeslnequality Increase After Contractionary Monetary Policy Shocks?

The evidence in section 3.2 suggests that cordraarty monetary policy actions raise consumption and
income inequality. We now investigate some of tfechanisms underlying this inequality response.
Specifically, we focus on the extent to which MP@hs affect consumption and income in the upper
and bottom ends of the distribution. To do so, weser the responses of different percentilebef t

13 The OECD equivalence scale assigns a value dbiti@e head of the household, a value of 0.7 th eaditional
adult (17+), and a value of 0.5 to each child.
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consumption and income distributions to MP shoBlezause of the nature of the survey data, the way
these measures are constructed for income meagrses consumption measures are different. In the
case of both income and labor earnings, we corigbercentiles each quarter from the distribution of
households reporting income and earnings that eua&ince households are asked about their income
and earnings over the last twelve months in ordyfitlst and fourth quarter in which they particgat

the survey, these measures of different percentildbe earnings and income distribution reflect a
changing composition of households each quartecointrast, because consumption and expenditures
are tracked each quarter, we can control for thenpally changing composition and ranking of
households across periods when we measure the eshangconsumption and expenditures by
percentile each quarter. Specifically, in each tguawe rank households according to either their
consumption or expenditures. Then, we isolate thoseseholds near each percentile of interest, (90
50", and 10) that quarter and construct the percent changésein consumption and expenditures.
Applying this procedure each quarter yields a tgmees of changes for each percentile controllang f
composition effects. We then look at how the défere between the 9@&nd 5@ percentile of each
distribution responds to monetary policy shocksigigquation (2) and do the same for the difference
between the 10 and 58' percentile of each distribution. We estimate the tsets of impulses
responses jointly for each form of inequality (ine® earnings, expenditure and consumption) and test
the null hypothesis that the two are equal acrib$®eazons (=0, ...,20).

Consistent with the absence of a strong responsamings inequality as measured by the
difference between the 9and 10" percentiles of the earnings distribution in Fig@ewe find
(Figure 4) only limited evidence of heterogeneity labor earnings across the distribution after
monetary policy shocks. The difference betweerdifeand 50" percentiles remains relatively close
to zero. Although we can reject the null that eageiresponses of the®@and 50" percentiles are
equal, the earnings of the'™percentile rise only 1-2% relative to the mediihe dynamics of the
difference between the ®Gnd the 5 percentiles are similar, so we cannot reject thiethat the
two impulse responses are the same over the détireon. Thus, a contractionary monetary policy
shock is characterized by a widening of the easgigtribution above the median but a tightening
of the earnings distribution below the median, ilegdo only small effects (if any) on inequality as
measured by the difference between the &@d the 10 percentile.

In contrast, we find more heterogeneity in totalime responses. Incomes of those at tffe 90
percentile rise persistently relative to the mediansehold while those at the®Percentile see their
income decline relative to the median, especidllpprger horizons. The behavior of total income of

90" percentile relative to the median follows fairlpsely the pattern of labor earning differences, bu
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this is not the case for total incomes of th& percentile relative to the median. Appendix Table
presents a decomposition of total income for eaghtitp (measured by consumption of nondurables
and services as a proxy for permanent income). ddgsmposition illustrates the greater importarice o
labor earnings as a share of total income at highettiles. In the 1990s, labor income accounted fo
nearly 80% of total income for the highest quintbat less than 40% for the bottom quintile. Indfea
the largest contributor to total income (approxiehats0%) for those in the bottom quintile of the
distribution is the “other income” category, whititludes unemployment insurance, Social Security
and pension payments, welfare, worker's compensatod other transfer programs. Even at the
second quintile of the distribution, other inconmamaunts for approximately 25% of total income,
whereas this ratio is less than 10% for the tomiBtides. Financial and business income shares vary
much less across the distribution: the share ahbss income rises from 2% of total income for the
bottom quintile to 5-9% for the top quintile whilmancial income falls from a share of 11% at the
bottom quintile to approximately 8% for the top mjile. Because transfers fall relative to wagesraft
contractionary monetary shocks (by two percentagetpwhen estimated over the whole sample and
by four percentage points over the post-1980 periadch of the relative decline in the total incoofie
lower income groups can be accounted for by th#erdnt composition of income.

With consumption and expenditures, we observe evere heterogeneity. Consumption and
expenditures of the ¥Opercentile decline relative to the median (we ogject the null that the
response is equal to zero at standard levels fdr eariable) by similar orders of magnitude as the
relative decline in their income. However, the eonption and expenditures of the9@ercentile rise
disproportionately relative to the median: by 1086 ¢onsumption and 15% for expenditures while
their relative incomes rise only by 2-3%. The i@ in consumption and expenditure inequality
observed in Figure 3 after contractionary monepaticy shocks is therefore primarily driven by migi
expenditures and consumption of those at the ttipeodlistribution, and only to a smaller exteniirigl
consumption and expenditures by those at the |l@mer of the distribution. One reason for these
patterns could be that different groups consumeg diferent bundles of goods, especially if those a
the top of the distribution have more expendituied to interest rates. Appendix Table 3 provides a
decomposition of consumption and expenditures byséloolds across quintiles, ranked by
consumption of non-durables and services each eyuas well as information about their relative
expenditures on interest-sensitive expendittf&ghile households in the upper end of the distidout
consume relatively more durables and devote motheif spending to interest-sensitive expenditures

1 Interest-sensitive expenditures are defined astgage payments, purchases of automobiles, speraling
education, spending on repairing houses and otiaestate, and durable consumption goods.
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like mortgage payments and auto purchases, therdiffes across quintiles are small. Hence, the
greater response of expenditures for those at@h@&centile of the expenditure distribution afteP M

shocks is unlikely to be explained via compositbspending across quintiles.

35 Distributional Mobility after Monetary Policy Shocks

A potential caveat to the responses of specificgrgiles of income and consumption distributions to
MP shocks is that it is not clear to what extenideholds are moving across the distribution. Tessss
mobility across the distribution, we construct tia@ying quarterly transition probabilities for &ac
quintile of the consumption distribution. These degined as the fraction of consumers within each
quintile who, in the next quarter, end up in anotntile. Figure 5 plots the time-varying trarwit
frequencies of households staying within the sanmatite of the consumption distribution from 19800Q1
until 2008Q4. One notable feature of these timeseés that mobility has generally declined overdi
for each quintile. For example, for the middle dglanthe frequency of remaining within that quiti
from one quarter to the next has gone from apprabety 35% in 1980 to nearly 45% in 2008.

To assess whether MP shocks have significant teffec these transition frequencies, we
estimate equation (2) for each series measuringrbieability of staying in the same quintile from
one guarter to another with squared monetary patingvations as the shocks. The latter identify
whether MP shocks, be they positive or negativad l¢o increased movements across the
distribution. Impulse responses, presented in Eigurpoint to little persistence in the effectdvii?
shocks on transition probabilities: after two yeasnost none of the estimates are different from
zero. At the same time, MP shocks cause increass@ment within the distribution: the frequency
of households remaining within the same quintilelides for all quintiles. These results suggest one
reason why impulse responses for different perig=ntdf the total income and labor earnings
distribution appear so volatile over the first twears: there is significant movement within the
distribution in the quarters following MP shocksowkver, as this increased mobility fades after two
years, the percentile responses converge to mabtesbutcomes. Consistent with this, percentile
responses of the expenditure and consumptionlaisions, which control for composition, are more

stable over the first two years than are thosé®efrnings and income distributions.

3.6 How Important I1s The Contribution of Monetary Policy Shocksto Inequality?

In this section, we consider the extent to which 8fiecks can account for the dynamics of income
and consumption inequality in the U.S. That is, wehe the previous section focused on
characterizing whether MP shocks affect inequalitg, now turn to the question of assessing the

quantitative contribution of this relationship.
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First, we consider the share of the variance agurlity which can be accounted for by MP
shocks over this time period. The fraction of tlagiance in inequality at different horizons accednt
for by MP shocks can be recovered directly froninesties of equation (2). This measure therefore
provides one metric of the extent to which MP slsoate quantitatively important in driving inequyalit
dynamics. Estimates from the variance decompositiwe presented in Figure 6 for total income, labor
earnings, total expenditures, and consumption méguln line with the impulse responses, we find
that the quantitative contribution of monetary pplshocks to earnings inequality has been smak, le
than 5% at all horizons of 5 years or less. Butditier variables, monetary policy shocks have been
more important. With income and consumption ineiggahonetary policy shocks account for 10-20%
of forecast error variance at longer run horizams] an even larger share for expenditure inequality
These magnitudes are in line with the contribubbmonetary policy shocks to other macroeconomic
variables (Christiano et al. 1999) and are consistéth these shocks playing a non-trivial role in
accounting for U.S. inequality dynamics.

As a second way to assess whether the impulse nespmf inequality are quantitatively
important, we consider the extent to which MP sksosiice 1980 can account for the historical
variation in U.S. income and consumption inequaliBredicted changes in income, salary,
expenditure and consumption inequality due to Métkl come from our estimates of equation (2).
We average both actual and predicted variables theprevious and subsequent quarter values to
downplay very high-frequency variation in inequahteasures.

Figure 7 presents the results using the crossesattstandard deviation measures of
inequality, with other measures yielding qualitatwsimilar results. First, monetary policy shocks
appear to account for very little of the variationearnings inequality, consistent with the resofts
the forecast error variance decomposition, excapghd the very early 1980s and to a lesser extent
the mid to late 1980s. This likely explains the ss@vity of the impulse responses of earnings
inequality to the inclusion of the Volcker disirtilan discussed in section 3.2. In contrast, thera i
much higher correlation visible between predictedvements in income, consumption and
expenditure inequality driven by monetary policyosks and actual changes in these variables
throughout the sample. While monetary policy shadkarly cannot account for the trends in these
variables, these results do suggest that monetigypchanges have indeed played some role in

accounting for higher frequency movements in ecananequality in the U.S.

v Wealth Redistribution in Response to Monetary Policy Shocks
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While the previous section documented heterogeneitgbor income responses to MP shocks, as
well as heterogeneity in sources of income acnodividuals, discussion of the distributional effect
of monetary policy actions frequently focuses ameé¢hadditional channels. First, if households hold
different portfolios and some financial assets m@re protected against inflation surprises than
others, then monetary policy actions can, via te#f&cts on inflation, cause a reallocation of weal
across agents, as emphasized in Erosa and Ver20@2)( and Albanesi (2007). A second
redistributive channel stems from segmented firenoiarkets: if some agents frequently trade in
financial markets and are affected by changesamtbney supply prior to other agents who are less
involved in financial markets as in Williamson (200 then contractionary MP shocks should
redistribute wealth from those connected to theketartoward the unconnected agents leading to
declining consumption inequality. Unfortunatelye tBEX does not include reliable data on the cash
holdings of households nor does it include infoioratthat would allow us to identify which
households are most connected to financial markets) as those working for the financial industry.
However, to the extent that both channels pointatowcontractionary MP shocks lowering
consumption inequality, the fact that our baseliasults go precisely in the opposite direction
suggests that these channels, if present, musghi@&cantly weaker than the labor earnings channel
In addition, because monetary policy actions akat interest rates in the short run, they will
have redistributive effects on savers and borrovessin Doepke and Schneider (2006): since
contractionary policy shocks represent a transteanfborrowers (low net-worth) to savers (high net-
worth), one might expect to see disproportionateeiases in the expenditures of borrowers. While
the CEX does not include reliable data on the resdltl position of households, we can still assess
this channel by restricting our attention to howses with those characteristics identified by Doepk
and Schneider (2006) as being closely associatédhigh net-worth and low net-worth households.
Specifically, they argue that the main losers fiaftation are “rich, old households” while the main
winners are “young, middle-class households wikedirate mortgage debt.” In the context of the
CEX, we therefore restrict the sample to two grodpslow net-worth households are defined as
aged 30-40 year-old white households with a mahe the household, no financial income, and
positive mortgage payments, 2) high net-worth hbokks are defined as aged 55-65 years white
households with a male head in the household,ipedihancial income, and no mortgage payments.
We restrict the first two categories to be whiteigeholds with a male head in the household to limit
the possible sources of differences between thecategories without unduly restricting the number

of households in each group (as would be the ¢ase imposed restrictions on education levels).
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For each set of households, we then construct mesastimean (log) income and expenditures
as well as subcategories of each. We then takeliffezence between the two groups and construct
impulse responses for the difference in levelsgusifuation (2). The results, plotted in Figureu@port
the redistribution of nominal wealth effect in geateng heterogeneity in consumption. Labor earnings
of high net-worth households are, if anything, lowlan those of low net-worth households after
monetary shocks but their incomes are modestlyenjgipproximately 0.5% on average. While their
relative expenditures rise by a proportional amgilngir consumption is much higher: rising as magh
5% relative to low net-worth households. This digartionate response of consumption, relative to
income, is consistent with a redistributive effeictnonetary policy.

\% Permanent Changesin Monetary Policy

In assessing the effects of MP shocks on inequalieyhave followed the approach of Romer and
Romer (2004) because their identification procedums a number of advantages over previous
attempts to do so. However, as emphasized by RiR,fgtocedure is not designed to characterize the
reaction function of the Fed and therefore the tified innovations reflect a number of potential
sources: changing operating procedures, policynsalesolving beliefs about the workings of the
economy, variation in the Fed’s objectives, pdiitipressures, and responses to other factors. Some
of these changes could be interpreted as innowationthe central bank’s policy rule (i.e. its
systematic behavior)—for example if a new Chairrdastikes inflation more than a previous one—
while others would more appropriately be charazeetias transitory deviations from a policy rule
(for example, political pressures at the time of edection). RR deliberately do not attempt to
separate out these different sources to maintamnua$ variation in the shocks, but a caveat toithis
that different sources of shocks may vyield veryedént economic responses. In particular, one might
expect permanent changes in monetary policy to hmgee pronounced effects than transitory
changes. If different forms of MP actions affectgoality differently, then using a composite shock
measure such as that of RR may understate thastifemonetary policy on inequality.

As a result, we want to assess whether similalitgtige results obtain using a narrower but
more persistent type of monetary policy action:nges in the Federal Reserve’s target rate of
inflation. Because of the inability to directly avge the historical inflation target of the Federal
Reserve, we consider two different estimates o$ timeasure. First, following Coibion and
Gorodnichenko (2011), we posit a reaction funcfmrthe central bank:

i = (1 — Pt — Pz,t)[Ftrrgl + O (Femtepq — ) + @gy e (Frgye — gy) + q)x,txt]
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according to which the central bank moves interasts with its perception of the natural rate of
interestF,rry*, and also responds to deviations of expectedtiofid, ., , from its potentially time-
varying targett,, deviations of expected output growth from itg&(F,gy, — gy), and the output
gap (x;). In addition to allowing for time variation in thatercept, we allow for variation in the
target level of inflation, in the response coeéitis to macroeconomic conditions, and in the degree
of interest-smoothing, which is an important eletneinthe Fed's reaction function (Coibion and
Gorodnichenko 2012b). Each time-varying coefficisnassumed to follow a random walk process
as in Boivin (2006). We estimate the coefficientshis reaction function as in Kozicki and Tinsley
(2009) and Coibion and Gorodnichenko (2011, CG é&fmth) using data from 1969 to 2008 at the
FOMC meeting frequency using real-time forecastsftdtion, output growth and the output gap.

For robustness, we also consider an additional uneashe inflation target estimated by
Ireland (2006). Ireland uses an otherwise standarall-scale New Keynesian model with a Taylor
(2993) rule in which the target rate of inflatioate varies over time. He then estimates the
parameters of the model by maximum-likelihood mdthasing data on output, prices, and interest
rates from which he recovers the implied time pdtthe Fed'’s target rate of inflation. Thus, whearea
our first measure of target inflation comes fromg#e-equation of a Taylor rule with time-varying
coefficients on real-time Greenbook forecastsalrdls approach is the polar opposite: estimation of
the entire structural model using final data forcre@conomic aggregates and no real-time forecasts.

Both approaches point toward rising inflation &gy over the 1970s, peaking at
approximately 8% (Appendix Figure 10). The two meas also pick up rapid declines in target
inflation in the early 1980s, corresponding to Yacker disinflation, and a prolonged subsequent
decline in the target inflation rate over the ceuo$ the 1990s and 2000s, with the target rate of
inflation reaching 2% in 2005 in both cases. Atshee time, a number of qualitative differences are
present: Ireland’s measure points to a rapid irseréa the inflation target starting around 1973,
reaching 8% in late 1974 before declining to 6949%75. In contrast, the CG measure points to only
a gradual increase in the inflation target durimg time period. Second, while both measures reach
maximum values of 8% prior to the Volcker disinite, the Ireland measure begins to decline in
1981 while the CG measure continues to rise unéldénd of 1982, at which point it drops much
more abruptly: 3% points over the course of jugva months.

To assess the effects of changes in target inflaiites on inequality, we estimate inequality

responses using equation (2) for either measurghotks to the inflation target rather than RR
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shocks. We present the results for cross-sectginablard deviations, for a 1% podecrease in the
inflation target in Figure 9 using the CG measufetanget inflation. Using the Ireland (2006)
measure yields very similar results (Appendix Fegdd). First, a decrease in the Fed'’s inflation
target leads to a rise in both earnings and incioreguality: we can reject the null of zero response
for both at the 1% level. Second, both consumpdioth expenditure inequality also rise persistently.
Third, shocks to the inflation target generally @aut for a smaller fraction of the forecast error
variance than broader definitions of monetary polghocks, as one might expect. They are
consistently below ten percent. However, in terintheir historical contribution to the dynamics of
inequality, both measures of shocks imply that geann the Fed’s inflation target during the early
1980s can account for most of the dynamics of iaktyuthrough much of the 1980s, albeit with
very little contribution thereafter. This suggettat these very specific forms of monetary policy
innovations may have played a more important nolshaping economic inequality in the U.S. than

has been previously recogniz€&d.

VI Conclusion

Recent events have brought both monetary policyemodomic inequality to the forefront of policy
issues. We shed new light on the relationship betvibe two by assessing the effects of MP shocks
on consumption and income inequality in the U.Snt@wtionary MP shocks appear to have
significant persistent effects on inequality, lewdito higher levels of income, labor earnings,
consumption and total expenditures inequality actosuseholds. Furthermore, while MP shocks
cannot account for the trend increase in incomguakty since the early 1980s, they appear to have
nonetheless played a non-trivial role in cyclidalctuations in inequality. Changes in the Federal
Reserve’s inflation target during the early 198ppear to have played a particularly important role
in accounting for changes in economic inequalityerothis time period. To the extent that
distributional considerations may have first-ordeifare effects, our results support the continued
development of models with heterogeneity acrosséloolds which are suitable for monetary policy
analysis. While heterogeneous agent models witlonmpdete insurance markets have become

increasingly common in the literature, their imptions for monetary policy remain understudied. In

15 We also assessed how shocks to the inflation ttaiffect different parts of the distribution, assiection 3.5. As
illustrated in Appendix Figure 12, decreases in ithfiation target have much more pronounced effesisthe
bottom end of the distribution. We find that théfetiences between the L.@&ind 5@ percentiles of earnings and
income distributions worsen sharply, and those arisamption and expenditure distribution do so exere
sharply, whereas the differences between tiea8@l 50 percentiles for each of these distribution exhibidest
increases.
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light of the evidence pointing to non-trivial effecof monetary policy on economic inequality, this
seems like an avenue worth developing further farturesearch.

Specifically, two channels appear to be partidulamportant for the distributional
consequences of MP shocks. First, the differentedposition of households’ incomes appears to be
particularly important in explaining the distriboial consequences of monetary policy on total
household income. In the case of low income houdshtransfer income is particularly important,
so further study of these mechanisms seems wadaeen McKay and Reis (2016). For very high
income households (the top 1%), financial incomeypla disproportionate role. Because data on
these households is much more limited, characteyieir behavior is therefore likely to require
models that endogenize both the wealth distribugioth monetary policy, as in Luetticke (2015).

Second, the disproportionate increase in consumaiad expenditures relative to income
changes for those at the upper end of the distoibyioints to the possibility of significant wealth
transfers via unexpected changes in interest rames inflation. We find that the responses of
consumption by high net-worth households are latigen that of low net-worth households in the
data, consistent with Doepke and Schneider (2006jle data limitations make the identification of
high and low net-worth households tentative, osults point to household balance sheets playing an
important link in the monetary transmission mechamiln contrast, while the CEX data do not allow
us to directly quantify the portfolio and financialarket segmentation redistribution channels, their
predictions of consumption inequality falling afteontractionary MP shocks suggests that these
channels are quantitatively small relative to ttreecs.

Finally, the sensitivity of inequality measuresiionetary policy actions points to even larger
costs of the zero-bound on interest rates thaormwonly identified in representative agent models.
Nominal interest rates hitting the zero-bound mes when the central bank’s systematic response to
economic conditions calls for negative rates iscetually similar to the economy being subject to a
prolonged period of contractionary monetary polslyocks. Given that such shocks appear to
increase income and consumption inequality, owlt®suggest that standard representative agent

models may significantly understate the welfareéso§ zero-bound episodes.
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FIGURE 1: INEQUALITY IN TOTAL INCOME, LABOR EARNINGS, EXPENDITURES ANDCONSUMPTION IN THEUNITED STATES.
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FIGURE 2: EFFECTS OAMIONETARY POLICY SHOCKS ONMACROECONOMICV ARIABLES
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FIGURE 3: RESPONSE OHFECONOMIC INEQUALITY TO A CONTRACTIONARY MONETARY POLICY SHOCK
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FIGURE 4: DISTRIBUTIONAL EFFECTS OFCONTRACTIONARY MONETARY POLICY SHOCK BY PERCENTILE S
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FIGURE 5: TIME-VARYING PROBABILITIES OF TRANSITIONING BETWEENCONSUMPTIONQUINTILES
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FIGURE 6: CONTRIBUTION OFMONETARY POLICY SHOCKS TOFORECASTERRORVARIANCE OFINEQUALITY
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FIGURE 7: THE CONTRIBUTION OFMONETARY POLICY SHOCKS TOHISTORICAL VARIATION IN U.S.INEQUALITY
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FIGURE 8: INCOME AND CONSUMPTIONRESPONSES OHIGH AND LOW NET-WORTHHOUSEHOLDS
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section 4 in the text. Dark and light grey shadezha represent one and 1.65 standard deviationdeoct intervals respectively. Time (horizontalsis in
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FIGURE 9: RESPONSE ORNEQUALITY TO PERMANENT INCREASES IN THEINFLATION TARGET
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TABLE 1: CORRELATIONS OFINEQUALITY MEASURES WITHVIACROECONOMICV ARIABLES

Panel A: Correlation with the Quarterly Inflatiorate

Corr(z,SD) Corr(z,Gini) Corr(z,9C"-10™)
Incomelnequality -0.0¢ -0.11 0.01
Earnings Inequalit 0.01 -0.1¢ 0.0¢
Expenditures Inequali -0.0¢4 -0.0¢ -0.01
Consumption Inequali 0.1 0.0t 0.0

Panel B: Correlation with the Unemployment Rate
Corr(UE,SD Corr(UE,Gini Corr(UE,9¢"-10")

Income Inequalit 0.0C 0.1¢ -0.0¢
Earnings Inequalit -0.0z 0.37 0.0z
Expenditures Inequali -0.31 -0.2¢ -0.2¢
Consumption Inequali -0.2¢ -0.2¢ -0.2¢

Panel C: Correlation with the Federal Funds Rate
Corr(FFR,SD  Corr(FFR,Gini  Corr(FFR,9("-10")

Income Inequalit -0.1z2 -0.1¢ -0.0¢4
Earnings Inequalit -0.04 -0.31 -0.11
Expenditures Inequali 0.0z -0.0¢ 0.01
Consumption Inequali 0.1 0.0t 0.1

Notes. The table presents correlations of income, lazonings, expenditures and consumption inequal@gsuares
with the quarterly chained GDP Deflator inflatioater ¢, Panel A), unemployment rate (UE, Panel B), aral th
Effective Federal Funds Rate (FFR, Panel C). Caticeis are done with respect to inequality measusdg the
cross-sectional standard deviations (first colunthg Gini coefficient (second column), and the lifference
between the 90and 1@' percentiles of the cross-sectional distributidnir@ column). All series are HP-filtered
prior to measuring correlations. The measures efnpioyment and the Federal Funds rate are avemgesach
quarter. All data are from 1980Q1 to 2008Q4.

38



Not For Publication Appendix

39



APPENDIXFIGURE 1: MONETARY POLICY SHOCKS

1980 1985 1990 1995 2000 2005 2010

Note: The figure plots the quarterly sum of monetarjigyoshocks as
identified in Romer and Romer (2004). See sectidrf@& details.
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APPENDIXFIGURE 2: EFFECTS OAMONETARY POLICY SHOCKS ONMACROECONOMICVARIABLES IN POST-1979PERIOD
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Note: The figure presents impulse responses of macnmeeiw variables to 100 b.p. contractionary monefanycy shocks using data starting in 1980. Thédar
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and light grey shaded areas indicate one and iaffeiard deviation confidence intervals respectiv&lyne (horizontal axis) is in quarters. “P-val'edfior the
null hypothesis that the impulse response is zarevyery quarter plotted. See section 3.2 for thetai
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APPENDIXFIGURE 3: EFFECTS OFMONETARY POLICY SHOCKS ONAFTER-TAX INCOME INEQUALITY

Income (after tax) (p-val = 0.002) Income (after tax) (p-val = 0.000)
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Income (after tax) (p-val = 0.008)

90-10

Note: The figure presents impulse responses of incoreguality to 100 b.p. contractionary monetary pobocks, where income is measured after taxes. The
dark and light grey shaded areas indicate one d@f%istandard deviation confidence intervals respelgt Time (horizontal axis) is in quarters. “PFvare for
the null hypothesis that the impulse responseris foe every quarter plotted. See section 3.2 &inils.
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APPENDIXFIGURE 4: ROBUSTNESS ORBASELINE INEQUALITY RESULTS TOSHORTERMA LAGS
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Note: The figure presents impulse responses of incoregquiality to 100 b.p. contractionary monetary poibocks, using=12 lags of monetary policy shocks.
The dark and light grey shaded areas indicate ndel&5 standard deviation confidence intervalpeetvely. Time (horizontal axis) is in quarter®-Val” are
for the null hypothesis that the impulse resposseero for every quarter plotted. See section &.8létails.
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APPENDIXFIGURE 5: ROBUSTNESS OMBASELINE INEQUALITY RESULTS TOLONGERAR LAGS
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Note: The figure presents impulse responses of incarequiality to 100 b.p. contractionary monetary posbocks, using=4 lags of dependent variable. The
dark and light grey shaded areas indicate one @flstandard deviation confidence intervals re$pagt Time (horizontal axis) is in quarters. “PFvare for
the null hypothesis that the impulse responseris foe every quarter plotted. See section 3.3 &inils.
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APPENDIXFIGURE 6: ROBUSTNESS OFBASELINE INEQUALITY RESULTS TODROPPING THEV OLCKER DISINFLATION
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Note: The figure presents impulse responses of incarequality to 100 b.p. contractionary monetary pobbocks, starting the time period in 1985Q1. The
dark and light grey shaded areas indicate one @flstandard deviation confidence intervals re$palgt Time (horizontal axis) is in quarters. “PFvare for
the null hypothesis that the impulse responseris foe every quarter plotted. See section 3.3 &inils.
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APPENDIXFIGURE 7: ROBUSTNESS OMBASELINE INEQUALITY RESULTS TODROPPINGALL RECESSIONS

Income (p-val = 0.000) Earnings (p-val = 0.001) Expenditure (p-val = 0.022) Consumption (p-val = 0.005)
8 8 2 8-
3
N
g g
sl = =
@ @o 7]
N
<
- <
3
T T T T T ' T T T T T T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Income (p-val = 0.000) Earnings (p-val = 0.000) Expenditure (p-val = 0.000) Consumption (p-val = 0.000)
8 9 |
<
n
87 =R
8 -
£ £°
08 ] Q)
< o
C 2
S 1
wn V
81 3
' T T T T T v T T T T T T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Income (p-val = 0.000) Earnings (p-val = 0.004) Expenditure (p-val = 0.000) Consumption (p-val = 0.000)
— 4 [QVI < A [V

90-10

Note: The figure presents impulse responses of incomaquality to 100 b.p. contractionary monetary pobbocks, dropping all recession periods. The dark
and light grey shaded areas indicate one and iaffeiard deviation confidence intervals respectiv&lyne (horizontal axis) is in quarters. “P-val'edfior the
null hypothesis that the impulse response is zereery quarter plotted. See section 3.3 for tetai
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APPENDIXFIGURE 8: ROBUSTNESS OFCONSUMPTION ANDEXPENDITURE INEQUALITY RESULTS TOALTERNATIVE TIMING ASSUMPTIONS

Note: The figure presents impulse responses of consamahd expenditure inequality to 100 b.p. contomzry monetary policy shocks, when analysis isedon
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across cohorts as described in section 3.2 andrilp@. The dark and light grey shaded areas irdiocae and 1.65 standard deviation confidencevakter
respectively. Time (horizontal axis) is in quartéf-val” are for the null hypothesis that the ingriresponse is zero for every quarter plotted.seeton 3.3

for details.
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APPENDIX FIGURE 9: ROBUSTNESS ORBASELINE INEQUALITY RESULTS TOCONTROLLING FORHOUSEHOLDOBSERVABLE CHARACTERISTICS
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Notes: The figure plots impulse responses of inequatigasures (cross-sectional standard deviationsptarincome (first column), salary income (second
column), total expenditures (third column), andszanption (fourth column) in response to a 1 pergapoint (100 b.p.) contractionary monetary policy
shock. The dark and light grey shaded areas irelma and 1.65 standard deviation confidence iakerespectively. “P-val” are for the null hypotisethat the
impulse response is zero for every quarter ploffade (horizontal axis) is in quarters. Row 1 ird#s benchmark measures of inequality, row 2 adfasts
household size (OECD equivalence scale), and roan®ols for household observables. See sectiofo8 @etails.
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APPENDIXFIGURE 10: LEVEL AND SHOCKS TO THEFEDERAL RESERVE S TARGET RATE OF INFLATION
Panel A. Target Rate
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Notes: The figure plots two measures of shocks to tfiation target rate of the U.S. Federal Reservestisnated by
Ireland (2006) and Coibion and Gorodnichenko (20Gtey shaded areas are U.S. recessions. Seensgdtindetails.
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APPENDIXFIGURE 11: DISTRIBUTIONAL EFFECTS OFSHOCKS TO THEFED' S INFLATION TARGET
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Notes: The figure plots the responses of the differermmsieen the 9Dand 50" percentiles (blue solid line) as well as the défece between the #Gind 5@
percentiles (red solid line) of income, earninggenditure and consumption distributions of hous#hn the CEX to a 1 percentage point (100 b.porelase
in the Fed’s inflation target. Dashed lines show ®6% (one standard deviation) confidence intervéitee (horizontal axis) is in quarters. “P-val'edor the
null hypothesis that the difference between theimjpulse responses in each figure is zero for egagayter plotted. See section 5 for details.
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APPENDIXFIGURE 12: DISTRIBUTIONAL EFFECTS OFSHOCKS IDENTIFIED FROMFED FUNDS FUTURES
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Notes: the top panel shows responses of standaidtioe of measures of income and consumption toetery policy shocks identified from changes in fed
funds futures around FOMC announcements. This sefienonetary policy shocks is taken from Gorodeidto and Weber (2016). The bottom panel shows
responses of standard deviation of measures ofrie@nd consumption to monetary policy shocks ifledtas in Romer and Romer (2004). For all parthks,
estimation sample is 1994Q1-2008Q4. Time (horidoatés) is in quarters. The figure plots one angblstandard deviation confidence intervals as dark
light grey shaded areas respectively. “p-val” aretlie null hypothesis that the impulse respongetis for every quarter plotted.
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APPENDIXFIGURE 13: RESPONSE OFCEX AND NIPA CONSUMPTION TO A CONTRACTIONARY MONETARY POLICY SACK.
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Notes: the figure plots impulse response of CEXscomption (see the text for the definition; solidiblline) and NIPA’s private spending on non-durable
(solid, red line) to one percentage point contoaztiry monetary policy shock identified as in Roraed Romer (2004). The estimation sample is 1980Q1-
2008Q4. Time (horizontal axis) is in quarters. Tigare plots one standard deviation confidencerirals (66% coverage) as dashed lines. See sectlofoi3

details.
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APPENDIXTABLE 1: CORRELATIONS ANDV OLATILITIES OF INEQUALITY MEASURES

Panel A: Correlations across Inequality Measures

Corr(SD,Gini  Corr(SD,9("-10")  Corr(Gini,9("-1¢"™)

Income Inequality 0.9C 0.9¢ 0.8¢
Earnings Inequality 0.64 0.8¢ 0.6C
Expenditures Inequality 0.8¢ 0.8¢ 0.7¢
Consumption Inequality 0.6z 0.7¢ 0.4:

Panel B: Correlations of Inequality in Income, ®gl&xpenditures and Consumption

SD Gini oC" -10"
Corr(Income, Earnings) 0.2¢ 0.5¢ 0.1¢
Corr(Income, Expenditures) 0.3 0.5¢ 0.22
Corr(Income, Consumption) 0.1t 0.6¢€ 0.04
Corr(Earnings, Expenditures) 0.2¢ 0.47 0.17
Corr(Earnings, Consumption) -0.0¢ 0.32 -0.04
Corr(Expenditures, Consumption) 0.57 0.7¢ 0.3¢

Panel C: Volatility of Inequality Measures

SD Gini 90" -10"
Income Inequality 0.04¢ 0.01; 0.00¢
Earning Inequality 0.03: 0.01: 0.10¢
Expenditures Inequality 0.01¢ 0.011 0.05(
Consumption Inequality 0.00¢ 0.00¢ 0.03¢

Notes. Panel A presents correlation coefficients of iy in income, earnings, expenditures, and congion across
the different measures of each: SD denotes crasisal standard deviation, Gini denotes Gini cioights, and 90-10"
denotes the log difference between thé @dd 18 percentiles of the cross-sectional distributioan& B presents
correlation coefficients between each pair of ineprearnings, expenditures, and consumption indguédr each
approach (SD, Gini or 9910" to measuring inequality. Panel C presents stahdaviations of each measure of
inequality. All data is from 1980Q1 to 2008Q4.
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APPENDIX TABLE 2: DECOMPOSITION OHNCOME BY QUINTILE

Share of income source Ratio of mearconsumption ¢
Quintiles by nondurables and services to
consumption of Lab_or Business Financial Other mean consumptio_n Of-
nondurables and Earnings nondurables and services in the
services 3" quintile
(1) (2) (3) (4) (5)

Panel A: 1980s

1 0.352 0.022 0.112 0.515 0.42

2 0.588 0.040 0.112 0.260 0.73

3 0.694 0.057 0.096 0.153 1.00

4 0.762 0.059 0.081 0.098 1.34

5 0.767 0.088 0.078 0.067 2.18
Panel B: 1990s

1 0.380 0.020 0.106 0.494 0.43

2 0.597 0.040 0.097 0.267 0.73

3 0.704 0.050 0.086 0.160 1.00

4 0.770 0.056 0.071 0.103 1.35

5 0.773 0.082 0.076 0.069 2.27
Panel C: 2000s

1 0.435 0.019 0.086 0.460 0.43

2 0.653 0.029 0.085 0.234 0.73

3 0.740 0.037 0.072 0.151 1.00

4 0.801 0.042 0.065 0.092 1.36

5 0.812 0.051 0.071 0.065 2.32

Notes: The table presents a decomposition of sourcémasehold income in the CEX by quintile. Househalds sorted into quintiles using their consumption
levels of nondurables and services. Income categaniclude labor earnings, business income, fimhimetome, and other sources of income. See se8tibin
the text for details.
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APPENDIXTABLE 3: DECOMPOSITION OFEXPENDITURES ANDCONSUMPTION BY QUINTILE

Shares in consumption Selected shares in total spending Ratio oftotal
Quintiles by Interest spending to
consumption of . o Mortgage  Purchases of consumption
Nondurables Durables Services sensitive .
nondurables expenditures payments  new vehicles  of nondurables
and services and services
1) (2) 3 4) (5) (6) (7)
Panel A: 1980s
1 0.696 0.053 0.251 0.105 0.017 0.015 1.87
2 0.682 0.080 0.238 0.163 0.041 0.032 1.86
3 0.666 0.097 0.238 0.197 0.062 0.039 1.84
4 0.653 0.104 0.243 0.232 0.081 0.045 1.83
5 0.612 0.111 0.277 0.253 0.084 0.054 1.80
Panel B: 1990s
1 0.654 0.056 0.289 0.113 0.023 0.016 2.13
2 0.641 0.077 0.282 0.169 0.053 0.032 2.05
3 0.632 0.094 0.274 0.213 0.076 0.040 2.03
4 0.616 0.107 0.277 0.246 0.095 0.045 2.01
S 0.569 0.115 0.316 0.268 0.100 0.052 1.92
Panel C: 2000s
1 0.634 0.053 0.313 0.121 0.036 0.014 2.24
2 0.623 0.067 0.309 0.181 0.073 0.029 2.12
3 0.619 0.081 0.300 0.216 0.094 0.035 2.09
4 0.602 0.094 0.304 0.254 0.108 0.044 2.08
S 0.543 0.106 0.351 0.278 0.108 0.052 1.99

Note: The table presents a decomposition of consumptichexpenditures in the CEX by quintile. Houseb@ltk sorted into quintiles using their consumption
levels of nondurables and services. Consumptiolndies nondurables, services and durables. Totaldépg is the sum of consumption and other experaitu
including auto purchases, mortgage payments amtmg< Interest sensitive spending includes experedion new vehicles, furniture and durable housing
items, education, durable entertainment, mortgagenents, and mortgage down-payments. See sec8an e text for detalils.
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Appendix A: Cohort Analysis

Consider consumption data collected in the CEX dWay 2015 — July 2015. For each survey month we
define a cohort: May 2015 (cohort B), June 201H1¢cbC), and July 2015 (cohort A). Cohort A’'s surve
response covers the months of April, May and J@uhort B’s survey response covers the months of
February, March, and April. Cohort C’s survey resgm covers the months of March, April and May.
Thus, cohort A’s reporting period coincides witle ttalendar quarter. Cohort B’s reporting perioslish
that, apart from consumption in the second quatter, CEX measure of consumption includes 1/3 of
consumption from 2015Q2 and 2/3 of consumption fr2015Q1. When households in cohort B are
surveyed again in Aug 2015, their reported consiongtovers 2/3 of consumption from 2015Q2 and %2
of consumption from 2015Q3. In similar spirit, t8&X measure of consumption for Cohort C includes
1/3 of consumption from 2015Q1 and 2/3 of consuampfrom 2015Q2. When surveyed next time in
September 2015, cohort C reports consumption wéoeters 1/3 of consumption from 2015Q2 and 2/3 of
consumption from 2015Q3. As we discussed in thg xS splits three-monthly consumption equally
across months during this period. The standardipeais to aggregate monthly consumption to quirter
consumption. However, the timing of measurementanseghat calendar quarterly consumption has a
lagging component and a leading component.

This timing can introduce a complex serial corietatstructure such that using standard VARs
may be problematic: one needs to introduce movirgage (MA) terms or use many lags to proxy for
the MA terms. However, one can largely circumvéig problem by using direct projections a la Jorda
(2005) with a large number of shocks as controiabdes to allow for flexible shapes of the estimdate
impulse response functions. As a result, our es¢ichempulse response functions should be intergrase
estimates of responses averaged across differemttlily) horizons. In other words, the estimated
impulse response is a smoothed version of theitmpalse response.

To see this intuition more formally, consider tlmldwing moving average representation for
consumption:

0t = a0 Ps €t—srr + €rror (1)

whereo, is a measure of inequality at timee, rr is the Romer-Romer shock, aexor; is the residual.
Note thate, rr is unanticipated and serially uncorrelated by troesion. Shocke;_; zr is orthogonal to
error; by construction as well. Now suppose that we lesa measure of inequality that is a two-sided
moving average of;. This case corresponds to the time aggregatiothenCEX when for a given
calendar quarter we use consumption from adjacemtrters. Specifically, we assume th#t=
Yie_1 WkOr4k. It follows that

6t = Yke—1 WkOtsk = D=1 wk(Zi:O Bs €r—s+krr + erTOTHk)
= (w1Bo)err1,rr T (W11 + woPolerrr + (W1B2 + Wof1 + W_1B-1)€r 1R
+(w1f3 + WPz + w_1f1)er—2prr + (W1fs + Wofis + W_182)e—3rR +
+(w1fs + Wofs—1 + W-1fs-2)er—s+1,rr + (Wofs + W_1fs)€t—srr +
(w_1Bs)et—s—1rr + Zé=—1 WEerroTy

_ S+l P
= Ls==1Ps€r—srr T €TTOT; (2)

wherey_; = w1y, Yo = w11 + wofo, Y1 = w1f2 + weP1 + W_18-1, P2 = W13 + Wof2 + w_1 P,

v Psa = w1fs + WoPs-1 + w152, Ys = WoPs + W_1fs, Y541 = W_1Ps.
Note that given the properties of shock sedgs;, we still have thae,_¢zr is orthogonal to

error; and thus we can estimate specification (2) by OAISo note that, while using a moving average
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measure of inequalit§, introduces a lead @ gy, this additional term does not have a materiaafin
practice. First, users of the Romer-Romer shogbie&jly impose the restriction that monetary shoaés
not have a contemporaneous effect on the realdittee economy, that ig, = 0, and hence&_; = 0.
Second, even iff, # 0, the shocks, rr are not serially correlated and therefore exclgdieads of
shocks from specification (2) does not affect eaten of coefficients on the current and laggedesif
shocks. In summary, the impulse response funcfipg}s*} estimated using specification (2) (this
moving average representation corresponds to teetdirojection approach of Jorda (2005)) recoeers
smoothed version of the impulse response for thegponding series that is not aggregated acnoss ti

To further explore the importance of the timing far results, one can change the aggregation of the
Romer-Romer shocks to match the reporting frequéorcgach cohort in the CEX. Appendix Tables Al-
A3 show the timing of reported consumption andRmener-Romer shock series with the corresponding
timing. Note that the time period corresponds ® thlendar quarter only for Cohort A, while for exth
cohorts it is shifted by one month and two mon#iative to the calendar time.

Appendix Table A1. Romer-Romer shocks and measured consumption for cohort A.

Period Romer-Romer shocleé’,?R CEX Consumption
1 (4)
(92014,]an + €2014,Fep t+ e2014,Mar) Ejo14,aprit
A
2 (e2014.4pr + €2014May + €2014,jun) E2(014,]uly
4
3 (92014,1ul + €2014,4ug t 62014,Sep) Ez(oi4,0ct
4 (e +e +e ) EW
2014,0ct T €2014,Nov T €2014,Dec 2015,Jan
5 (e +e +e ) EX
2015,Jan 2015,Feb 2015,Mar 2015,Apr
A
6 (€2015,4pr + €2015,May + €2015,jun) EZ(OiS,]ul
7 (e +e +e ) A
2015,Jul T €2015,4ug T ©€2015Sep E 015,00t
8 (e +e +e ) EX
2015,0ct 2015,Nov 2015,Dec 2016,Jan
A
9 (92016,1an + €2016,rep T 92016,Mar) EZ(OiG,Apr
A
10 (e2016.4pr + €2016,May + €2016,jun) EZ(OiG,]ul
A
11 (92016,]ul + €2016.4ug T 92016,Sep) E2(016,Oct
A
12 (e2016,06t + €z016,N0v T eZOlG,Dec) 52(017'](1”

Appendix Table A2. Romer-Romer shocks and measured consumption for cohort B.

Period Romer-Romer shocleéf?)R CEX Consumption

(e2014,reb + €2014Mar + €2014,4p7) Ez(gi4_May
2 (92014,May + 2014 un 92014,]u1) EZ(giA},Aug
3 (e2014,Aug t €z014,5¢p T e2014,00t) 52(534,1\,01,
4 (32014,1\/01: + €2014,0ec T 62015,]an) Eéﬁisfeb
> (e2015,Feb + €2015mar + €2015,4pr) Ez(giS,May
6 (92015,May + 2015, jun t 92015,]u1) Eégis,Aug
7 (€2015.4ug + €2015,5¢p + €2015,0ct) EZ(giS,Nov
8 (32015,1\/01: + €2015,0ec T 62016,]an) Eéﬁiweb
9 (e2016,reb + €2016Mar + €2016,4p7) Ez(ﬁié_my
10 (e2016,May + 2016, un T eZOlG,]ul) EZ(giG,Aug
11 (e2016,Aug t €z016,5ep T e2016,00t) Ez(ﬁi&,\,m,
12 (62016,Nov + €2016,0ec T 62017,]an) Eéﬁi”eb
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Appendix Table A 3. Romer-Romer shocks and measured consumption for cohort C.

Period Romer-Romer shocleé_f?)R CEX Consumption
1 (92014,Mar + €z0144pr T 92014,May) Eégh_]un
2 (€2014,/un + €2014,5u + €2014,4ug) EégiaSep
3 (920145ep + €2014,0ct eZOl&Nav) Eégi&Dec
4 (9201&Dec + €2015,jan +'92015,Feb) Eégistdr
> (e2015,mar + €2015,4pr + €2015May) Eégislﬂm
6 (92015Jun +'92015,]u1+92015,Aug) Eégi&Sep
7 (e2015.5ep + €2015.0ct + €2015.n00) Eéﬁis_m
8 (e2015,0ec + €2016jan + €2016,reb) Ez(gi&Mar
9 (e2016,Mar + €2016,4pr + €2016,May) Eégif,_]un
10 (62016Jun +'9201&]ul+'6201aAug) Eégi&Sep
11 (920165ep + €2016,0ct eZOl&Nav) EéﬁiaDec
12 (9201&Dec + €2017,jan +'92017,Feb) E§317der

Once the timing of shocks is aligned for each chhivee can estimate the impulse response of indguali
to monetary shocks as a system of equations:

K s
Ao (CW) = Z a,(ch) Aoy (CO) + Zﬁs(h) et(ﬂrRR + errort(ﬁ), h=0,.. H
k=1 s=0
K s
Aoy (CB)) = Z oc,((h) Aoy (C®)) + Zﬁs(h) et(i_RR + errort(ﬁ), h=0,..H
k=1 s=0

K s
Ao yp (€O) = Z at Ac,_ (C©) + Zﬁs(h) et(E)S_RR + errort(',?, h=0,...H
k=1 s=0

where each equation corresponds to a colomdexes horizon in the direct projecti(m,(C(X)) is a

measure of inequality for time and cohortX, et(j& is the value of the Romer-Romer shock at time

N H
calculated for cohork. The impulse response is calculated as cumulative of { éh)}h . Note that
=0

the slopes{a,(ch)} and{ S(h)} are the same across cohorts (equations). Thigctast is aimed to increase
the precision of estimates.

Also note that the correct inference must take atwount the serial and cross-sectional correlatfahe
error terms. This issue is addressed by using Bltisnd Kraay (1998) standard errors that allow for
arbitrary serial and cross-sectional correlatiosrobrs.

The downside of this approach is that we use onthia of the sample to compute a measure of
inequality for a given quarter. As a result, indduwaneasures calculated for each cohort separataly
noisier than the corresponding inequality measuadcllated for the whole sample.
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Appendix B: CEX Data Appendix

This section describes the construction of the Gues Expenditure data in more detail. For year9198
to 2005 we compile the data directly from the raBQl files available from the Inter-university
Consortium for Political and Social Research (ICRSRom year 2006 on we use the public-use
microdata provided by the Bureau of Labor Stats{BLS). All expenditure data is aggregated up from
the disaggregated MTAB files (adding ITAB files whenecessary; e.g., occupational expenses before
2001Q1), and income data is derived from the FMLe&sf Additional information from the MEMB files

is used in the tax imputation procedure outlinddwesuch as the number of qualifying dependertts, e

As recommended by the BLS, we sum expendituresott@tr in the same month but are reported
in different interviews. We then drop the fourthdaigher observation for household-interviews with
more than three monthly observations. These latbservations appear to be outliers relative to the
reported expenditures for the first three monthe. Ao drop households that report zero expenditure
food in any interview (adding both food at home &mad away from home). Finally, we drop the few
households that report negative expenditures ftagosies that cannot be negative according to e d
codebook, such as expenditures for elderly care.

We correct sample breaks due to slight changekeimtiestionnaire of the following variables:
food at home (1982Q1-88Q1), food away from homeOTZIR), personal care services (2001Q2),
occupation expenditures (2001Q2), and property stag991Q1). In particular, we regress each
expenditure series on a time trend and indicatardhfe corresponding sample breaks. For instanee, w
regress expenditures on food at home on a timd ®ed a dummy for the period 1982Q1-87Q4. We then
subtract from the original series the effect of dnenmies.

The BLS began imputing income in 2004 but did mopute previous years. Furthermore, non-
imputed income values are not available for ye@&@42and 2005. We therefore follow Fisher, Johnson
and Smeeding (2013) and replicate the BLS methggobs closely as possible to impute all income
prior to 2004. For respondents who refused to piewn exact dollar amount but instead provided an
answer from a bracketed range, we use the mid-pdinhe bracket. We then impute the remaining
missing income observations (i.e. "invalid blanks&ing annual regressions of income on age and age
squared of the reference person, fixed effectthincome reporting date, and a fully saturatedehof
the following categorical variables: the referemmrson's gender, race, education, number of weeks
worked full or part time in the last 12 month; ujuestied family size; the number of children lesanth&;
the number of persons over 64; and the number wfeea All regressions use sampling weights. To
account for the sampling uncertainty, we add redgldrawn randomly with replacement from the
sampling distribution to the predicted values. \Wenttrim values above the top-coding thresholdeat t
top coding value.

Finally, since self-reported taxes are of low dqyalve follow the recommendation of the BLS
and impute tax liabilities based on the higher itypyahcome data and household demographics. In
particular, we impute taxes for each householchegurvey using the NBER TAXSIM calculator. We
use an iterative procedure determining the itentnattatus of each household in a first step ireotd
account for deductions that depend on the housshatijusted gross income (AGI); for example health
care or job expenses. We then use the househafd'sed AGI together with its filing status and
demographics to impute its final tax liabilitieshél code is available atww.nber.org/~taxsim/to-
taxsim/cex-kueng/cex.do
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We aggregate spending to the (calendar) quartexjuéncy from the monthly frequency. While
the resulting measures introduces a moving avestigeture, the resulting series maximizes the sampl
used for calculating inequality. As we discuss ippAndix A, results are similar when we use three-
monthly frequency that does not coincide with cdiruarters for some households.

When we compute inequality measures, we censor spehding and income series at the
corresponding values of the top and bottom peresntNote that for aggregated spending/income serie
we first aggregate and then apply censoring.

To calculate residual inequality, we control fod: duartic age polynomial; 2) six educational
attainment dummy variables; 3) a set of dummy Ve for each household size; 4) a set of dummy
variables for each number of children; 5) a sedwhmy variables for race; 6) a set of dummy vadsbl
for the number of earners. In additional checksalge control for the number of interview (a prdry
how complete a survey is) and/or exclude obsematigith incomplete income responses.

To adjust for differences in household size, weo alse the OECD scale. Specifically, the
(effective) number of household members is caledlas follows: (head of household) + 0.7*(number of
adults [18 years old or older] — 1) + 0.5*(numbé&children).

Because the composition of households changestiover we calculate changes in equality on
the sample on households present in both pericatse¥ample, when we calculate the change in Gini
inequality from say 2001Q1 to 2001Q2, we do it ofdy households that are present in 2001Q1 and
2001Q2.

We use X-12 to seasonally adjust all inequality tradsition probability series.
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