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ABSTRACT

We answer the question posed by the title by specifying and estimating a simple dynamic model
of prices, wages, and shemtin and longrun inflation expectations. The estimated model allows
us to analyze the direct and indirect effects of prodowrket and laboimarket shocks on

prices anchominalwages and to quantify the sourcesWfS. pandemierainflation and wage
growth. We find that, cotrary to early concerns that inflation would be spurred by overheated
labor markets, most of the inflation surge that began in 2021 was the result of shocks to prices
given wages, including sharp increases in commodity prices and sectoral shortagesetiowev
although tight labor markets have thus far not been the primary driver of inflation, the effects of
overheated labor markets on nominal wage growth and inflation are more persistent than the
effects of productmarket shocks. Controlling inflation wiiflus ultimately require achieving a
better balance between labor demand and labor supply.



Introduction

Central bankers and most outside economists failed to predict the sharp rise in inflation that
began in 2021, and policymakers, both in theited States and in other advanced economies, were
accordingly slow to reacAction was further delayed by theew that the inflation burst would be
temporary.

Misjudgments of the economic effects of cowdrh fiscal programs are one famtial
explanaton of the failure to forecast the subsequent inflatidgrederal Open Market Committee (FOMC)
forecasts ofnflation changed little betweethe September 2020 and June 20f%rations of theSurvey
of Economic Projectionand the Committee continued to egpt that inflationwould return close to the
CSRQ& H LISNODSyid GIFNBSG 068 HnHoX RSEALIAGS O2yaNB&aaa
$900 billion for covid relief and the $1.9 trillion American Rescue Plan signed by President Biden in
March2021. These two programs came on top of the $2.2 trillion CARES Act, passed in March 2020 and
AaA3dYySR o0& tNBaARSYy(d ¢NHzYLlE 6KAOK KIR | fNBSFRe &aidNB
increased future ability to spend. Overall, as a share of Giefheadline costs of these three covéda
fiscal packages were aboutl42 times the size of the American Recovery and Reinvestment Act (ARRA),
enacted in response to the 2008 financial crisis and the ensuing recéssion.

According to conventional ecomic theory, expansionary fiscal policies can stoke inflation if
GKSe OFdzasS tF062N YFEN]JSGa (2 06S02YS 20SNKSIFGSR I yR
Indeed, ®me early analyses of the American Rescue Plan using standard fiscal multipliers @bnclude
that the additional federal spending would indeed overheat g@®nomy possibly leading to higher
inflation (Blanchard, 2021; Edelberg and Sheiner, 20REse studies acknowledged uncertainty about
magnitudes, as the fiscal impacts on employment, atitpnd inflation would depend on many factors,
AyOf dzZRAYy3I (GKS STFFSOGa 2F GKS LI YRSYAO 2y LRGSYGALl
propensities to consume out of the ofieme checks authorized by the bill, and the relation between
labor market tightness and inflation

Inflation optimists(Reifschneider and Wilcox 2022 guedthat, even ifthe new fiscal spending
were to drive down unemployment by more than expected, a large burst of inflation was still unlikely, as

many studies hd concluded that the Phillips curigquite flat (that is, inflatioris relatively insensitive

! The headline cost of the CARES Act and the December supplemental appropriations package together totaled
about 15 percent of gross domestic product (GDP) in 2020, and the American Rescue Plan was roughly 8 percent of

2021 GDP. By comparison, thRRA of Q09 wai & f AIKGf & Y2NB GKIy. p LISNOSyd 27F i
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to labor market tightness), andin light ofmore thanthree decades dbw inflation in the United
Stateg inflation expectations were likely to remain well aocld.

In contrast, eme economists (including one of the authors) argued that wage inflation, and
consequently price inflation, could rise much more than predicted by conventional calculations
predicated on a flat Phillips curve (Summers, 2021; BlancB@®1,). Their concerns were that the
increase in aggregate demand likely to result from the unprecedentedly large fiscal transfers, together
with the cumulative effects of the easing of monetary policy begun in March 2020, could cause more
overheating of a alreadytight labor market than the optimists expectefin extremely low
unemployment rate mighin turn cause the Phillips curve to steepévioreover, hgher and,
consequently, more psychologically salient levels of inflatight leadinflation expectationgo de-
anchor, raising the potential for a wageice spiral.

¢tKS ONARGAOAQ F2NBOlFIaGa 27T kKAndded bhenitodTFE | GA2Y
optimistict but, in substantial parthe sources of the inflation would prove to be different from those
they warned about. Labor market overheating dmfleedoccur in 2021 and 2022, as reflected by
several indicators, includingnsustainabhhigh rates ofob creation, an increasing ratio of job openings
to unemployed workers, and low levels of quits. But, as this paper will show, the behavior of wages in
2021 and 2022 was broadly consistent with the relations the Fed had mieand mediurterm
inflation expectations rose modestly by some measures but did natrador. In short, labor market
overheating would indeedIltimately prove to be a source of persistent inflation, as the critics expected,
but the traditionalwagePhillips curve mechanism wastribe main event, at least naintil recently.

In retrospect, the failure to forecast the inflation burst reflected in large part the fact that, in
focusngon the labor market, both the Fed and its critics underestimated the inflationary potential of
developments irgoodsmarkets, that is, fronincreasesn prices given wages. The shocks to prices came
from several sources. First, like other forecasters (including participants in commodity futures markets),
most economists did not anticipate either theagnitude or the duration of the rise in commodity prices
that began in 2021Beyond the morefamiliar (but large and sustained) shocks to food and energy
prices, the pandemic itself led to unusual distortions in key product markets, such as those fanchew
used vehicles. Demand shifts (e.g., from services to goods) during the pandemic combined with supply
chain problems to creatshortages andectoral price increases not offset by decreases in other sectors
(Guerreri et al., 2022i Giovanni et al.,@3). These sectoral mismatches between demand and supply
proved moreintractable and longetasting than many had expectetiogether theseshocks to prices

given wagesvould prove to behe criticaltriggers of therise in inflation.
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This is thestory we develp in this paper.

We start with a simpleanalyticaimodel, focusing othe behaviorof wages, pricesandshort
and longrun inflation expectationstakinglabor market slaclndshocks tqorices as givenWe show
the very different dynamieffectson wage and price inflatioaf overheatingn the labor markeaind
price shocksn goods market Appreciating these differences essentiafor understanding the
changing relative importance dfie two sources of inflation, and by implicatiome evolution of
inflation over time.

We thenestimate an empirical version of the model, allowing for a generous lag structure
accommodatelexible dynamicsnd estimating it on the preovid period We examinethe stability of
the wage, priceandshort and longrun inflation expectatiosrelationsbetweem the precovidand
covidperiods taking into accountthe roles of labor market tightness, energy and fopdce shocksand
sectoralshortagesWe use the estimated model tdecompose the sarcesof the pandemieera
inflation into the effects of the various shock€ur decomposition captures general equilibrium effects
lags,and linkagesamongalternative sources of inflation operatirigrough inflation expectations and
other channelsWe onclude that &bormarket tightness made at most a modest contribution to
inflation early on, resolving the puzzle of how inflation could rise so much despite a flat wage Phillips
curve. Instead, most of the early action in inflation came from the goods market, in the faharmp
increases in some relative prices, including commaodity prices and prices in-sopptyained sectors.
To the extent that commodity prices stabilize and supply chains return to norpracesses that both
seem well advanced as of this writing (M&323X the goods market component of inflation is likely to
decrease in importance, and the labor market component to become more dominant. Looking forward,
with labor market slack still below sustainable levels and inflation expectations modestly ligher,
conclude that the Fed is unlikely to be able to avoid slowing the economy to return inflation to target.
The extent of that slowing will depend however on the evolutiosartainstructural features of the

labor market, notably the efficiency of theqaress of matching workers with jobs.

l. A Brief Literature Review

Much recent work has provided empirical analyses of the pandenaiénflation. Ball et al
(2022) popose adecomposition of inflationinto weighted median inflation (instead of the comimnal
core measuref inflation) anda residual, equal theadlineinflation less median inflatioThdr use of

median inflation rathethe more conventional measure of coreflation is intendedto remove large



price spikes, due not only to the pricef energy and food, which core inflation does, but also due to
sectoralshortages, which have made this inflation episode different from earlier ones. They find that
much of the increase imedianinflation is explained by the tightness of the labor marKehis
conclusioris broadlyconsistent with our findingthat labor market developments were the primary
source of aslowlystrengthening, underlying inflation trenahile the larger,shorter-term movements

in headline inflation were explained largely by shocks to prices given wages.

Cecchetti et al (2023) study the recent inflation and the prospects for disinflation in a historical
context. As we do, they provide a strippddwn mocel of the inflation process. However, in contrast to
the largely unconstrained dynamics that we allow in #mepiricalmodel presented below, they impose
a tightNew Keynesian structure; and their focus is on projecting the likely path and consequences of
disinflation, rather than estimating the sources and dynamics of the inflafiogy argue that
nonlinearities in the Phillips curve are important for explaining inflafg@e also Benigno and
Eggertsson 20235agnorand Sarsenbaye2022. In contrast,we find that a linear relation between
labor market tightness and wagesstimated on precovid datafits the covideradata reasonably well
and is adequate to explain the recent behavior of wages

Guardone and Gertler (2023) provide an alternative sforythe origins of the inflation. Using a
OFf AN SR 5{ D9 Y2RSf {2 aidNHOUGdZNE GKSANI Iyl feara
employment in the face of inflationary oil price shocks explains the sharp rise in the pace of price
increases. (Cecéhi A SiG Fftd tA]1SHAES 0 f-dmptBely@KaSoucS&SdRtbea F I A f dz
AYyFElLGA2y ®0 Ddzr NR2yS yR DSNIfSNDRa FdadSyadazy G2 2
affecting prices given wages. Their main contributions6NYy (G KS NBtS 2F (KS CSRQ3
and policy framework in the ovaxxpansion of aggregate demand during the recovery from the
pandemia an important topic but not the focus of our own paper.

Koch and Noureldin (2023) of theternational Monetary Fund conduct a pesiortem of their
AyalurabdzinzyQa FrAfdzZNE G2 F2NBOlFad GKS AyFilaAzyo
role for increased aggregate demand and, especially, pandiehiced supply constrainia setting off
the inflation. However, they pay limited attention to dynamics, and in particular pesseweight than
we wouldon commaodity price shocks and their effects on other iaad inflation expectationasver

time.



Il. A Simple Model of Wagé€rice Determination

Tohelp interpret recent inflation developmentsithout imposing too much a priori structuye
we usea bare-bonesbut flexiblemodel ofaggregatevage-price determinationOur approach to
AYFEFGA2Y A& | 33 ND adpadiadekcSpiion gidtlissed i the nBx2 seaficn, Twe doinédt K
considerthe microeconomialeterminants ofsectoralprice changese.g. factors affectinghe behavior
of rentsor the differentialimpact ofthe pandemimn different industris. Ourmodelreducesto four
equations,which jointly determinenominalwages, pricesandshortrun and longrun inflation
expectationsAs already noted, hen wetake thebare-bonesmodel to the datan the next sectionwe
incorporatea more flexiblelag structure to allow forricherdynamicsand include measures of key

shocks to product and labor marketsaccountmore explicitly for the forces affecting inflation

The wage equation

We start withan aggregatavage equationWe make the standard assumptions that nominal
wagesdepend onthe expected price levalnd the degreaf labor market slackn a departure from the
standard specification, we pursue the question of whetiverkersaccept losses in purchasing power
resulting fromunanticipatedprice shocks, or whether instegith their wage bargaininghey try to
GOl GOK dzL SAGK LINA2NI AYFELOGA2Y @

Specifically, wassume thatle nominal wagev in eachquarter dependson the expected price
for that quarterr) , anaspiration real wage (seebelow), andan indicator of the tightness of the

labor marketa

Eand n 1 T ®

Wages, prices, and expected prices are inléagls so differences should beterpreted as growth
rates We usg to designatethe realaspiration wages a reminder that that variable is in real terrirs,
distinction tothe nominal wageav. We discusempiricalmeasures of labor market tigntnesswin the
next section only notirg herethe sign convention thatve interpret higher values ofvascorregponding
to a tighter labor marketWe suppress the time subscript for currejuarter variables.

We include theaspiration real wage in the modelas a device fomodeling a possible cateh
up effect in which workers seek to make up for past losses of purchasing pomsying a degree of

realwage rigidity.The aspiration wagmay be thought of athe real wage that workers believe is



achievable a focal point in wge bargaining, perhapsgiven recentlevelopments irwages, prices, and

other factors Alternatively, the aspiration real wage midghe¢ thought of agepreseningthe longrun

equilibrium real wage, toward which the actual real wage gradually adjadtspting the notation

N ¢ to stand for the variabl@ laggedt quarters, weassume thatle aspiration real wage in each

quarter is a weighted average of the@ A 2 dza |j dzI NI S NI dealizedreahwddejplu®ay ¢ IS |

shock terma , standing for all the other factors that affect wage determination

(Eq2) 1 11 P P O p N p «

When estimating the model, walsoallowwagegrowth to deperd onan exogenous trend in
productivity growth For simplicityof expositionwe ignore that termhere.

Putting the twoequationsabovetogether to eliminatg  yields:

(Eq3) U 0 p n ne [ Hp N p T ®|op a

Examination ofhese equationsuggestdwo cases of interest, depending on the valuehod
& O -dzQusrameter . 1f|  tthen, from (Eq 2)the aspirationrealwagein eachquarteris just the
real wage in the previouguarter (adjusted fortrend productivity growth in theempirical version of the
model late) plus an error termFurther, from (Eq 3)n the special casef| 11, the change in the
nominal wage equalthe expected ate of inflation in the previous quartefj 1 p hplus a term
that depends on the degree tdbor-market tightnessix in short,a standard expectationaugmented
wagePhillips curve.
If & 1, 0n the other handthen (Eq 3)implies thatamong thefactors determining nominal
wage growth ighe differenceA y (1 KS LINS @A 2dza LISNA2RQA LINROS f S@St
expectedfor that period] p 1 p . We cal this termthe catchrup term. The existence of a
catchrup termimplies that, intheir bargaining with employers, workers seek to be compenstiethst
LISNRA 2 RQ& dzy S Hiothé& iv@GdRio the/extént thiatwdbrkesQ SELISOGF GA 2y & 2 NJ T2
(or those of their institutional representatives)fluence the wage bargaining process, the economy
exhibitsa degree ofrealwage rigidity Note also from(Eq 3) thatif & 1, the term relating to labor
market tightness can be rewritenap Ow W w p ,implying that wages depend on both

the lewel and changef labormarket tightness.



The priceequation
Given wages, we assume thhe price leveh depends on thdevel of nominal wageglus a
shockterm & that captures theelativecosts of nonlabor inputwariations in markug and other

factors affecting pricesetting

Or, in first differences:

(Eq4) nnpep OO P a @ p

In the empiricamodel, wewill flesh out theshockterm byincludingvariablessuchas commaodity price
shocks and supplghain problems that increase prices given wag#sce prices should depend unit
labor costs rather than wages per se, in the estimation we also include the productivity trend in the
price equationWe will not treat producer markups as andependentvariablebut note that markups
will endogenously increasa our model wherstrong sectoral demand confronéxogenousonstrains

on supply gee below).

Inflation expectationsequations

The model is closed by equatioisK F i RSaONAO6S G KSshorSumbrn@dhrgNI 2 F (K
run inflation expectations. Shoitun inflationexpectations ar@ weighted average ddng-run inflation
expectations* ‘At YR fFad LISNA2RQa AyTFtldAzy

(Eq 5) n n p 1 p 1 N p N g

Longrun inflation expectationén turn evolveas a weighted average ofl a (0 IdSgiih iBflRtQrE

expectationsand actual inflation:

(Eq 6) “Crtt p P IR P NG

The parameters and[ capture the degree of anchoring of short and lemg inflation expectations.
If both] and| are close tdl, expectations are wedinchored.Both] and[ play importantthough

different roles in determining the dynamic effects of shocks on inflafitve parameter affects short



run dynamics, and the degree to whipticeinflation affects wage inflation: thiewer] , the moe
persistent the dynamic effects of a price shotihe parameter affects long run dynamics, and in
particular the effect of transitory shocks on long run inflation
Inspection of the equations above shows that, in the long steady state, both irdition
expectations and the inflation rate consistent with full employment are indeterminate. For any value of
longrun expected inflatiorf “, assuming thato T, the model solution implies that shertin inflation
expectations, wage inflation, and priaglation all equal the arbitrarily chosen value 6f. Put another
way, the value of “ at any point in timeis determined by the history of inflation. An episode of higher
inflation leads to higher steadstate inflatior the longer the episode, or the lowgrh the stronger the
effect on steadystate inflation.h y S Ol y (KA WOK2NAYEAES @RS 0 LISaaryvyaraila
the start of the inflation episode as decreases in eitheor [ . Other things equal, siicde-anchoring
would lead to stronger and more persistent inflatifimllowing an inflationary shdc
Whenthe aspiration wagés substituted outas abovethe model determineshe evolution of
four endogenouwariables? *, 1) , 0 , and r|. Despite its simplicitythe basicmodeldisplays interesting
dynamic properties
To illustrate Figure 1 below shows, for alternative parameter assumptions, the meagdlied
dynamic responses of inflatidn a onetime shock to the price equatiospecificallywe simulate the
full model under the assumptiotiat the price shocki rises permanentlypy one unit in period.
(Notethat a permanent shock to the price level isrge-period shock topriceinflation). We consider
two cases:ln the frst, we assume a limited catelp effect and stable inflation expectations (
&} A medi 1o v.2 In this caseas Figurel shows the shock to the price level leads to a sharp
increasein inflation that is almost completely reversedter a few period® 8 SS (G KS OwedkldS Y I NJ
feedbaclé .0The low persistencef inflation in this caseeflectsthe weakcatchup effect(workers are
unable to recoup the effects of unexpected inflationtbeir real wagesand weltanchored inflation
expectationsBecause of the (small) effect the inflation shoclon long-run expectationshowever,
inflation ends ugpermanently slightly highehy 0.06percentin this exampleWith a limited catchup
effect and weltanchored expectationghe conventional wisdomthat 2 y SGF NB L2 f A O@ YI {1 SN&
0 K NP wzapirarysupply shocks is justified.
The response of inflation to a origne price shock iquite different when the catckup effect is

stronger and inflation expectations are less veglthored (say, T@®h T&RK 8o 8n this

2We do not need to assign a valu€ tas doing so would not affect these simulations.
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second case thimflation response to a orime price shock dies down only slowly (see the curve

Y I NJ $éhg féedback A Y 1CA skalzggdBatchup dfectimpliesti K I G kg | ALSONJEAQS NI £ ¢ A
operating, with inflation triggering higherominalwage demands, which in turn imply higher prices and

greater inflation persistencén this case,le longrun effect on inflatiorof a temporary inflation shogk

0.34percent is no longer negligibl&gain, the simulation is consistent with conventional wisdom at

central banks, which holds that pootd@nchored inflation expectations lead to more extended episodes

of inflationandto higher inflation in the longun, therebyrequiring a strongpolicyresponse.

FIGURE. RESPONSES OF INFLATION TO A PRICE SHOCK FOR ALTERNATIVE PARAMETER CHOICES

1.0 = \Neak feedback
== Strong feedback
0.8
£ 0.61
8
2
0.41
0.2 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarter

Note: The figure shows inflation in alternative simulations of the model, starting from steady state and
assuming a permanent shock to the price level in petiodarameter choices that imply lessage

catchrup andwell-anchored inflation expectations lad to less persistent inflatiofweak feedback)
Parameters implying greater cateip andless welanchoredexpectations lead to more persistent
inflation (strong feedback)

Inflation can also originate in the labor marketour model For the same tw@arameter
configurations as in Figufe Figure2 shows the simulated behavior of inflatidollowing a onetime,
permanentone-unit increase ifabor market tightness. After an initial increase, inflation continues to
increase over timas the labor market remains tightThe rateat whichinflation increaseslepends on
the degree of anchoring of expectations, and to a lesser degjneestrengthof the catchup effect.

With well-anchored expectations and It catchup effect (case 1p tight labor marketesults in a
relatively slow increase iorice inflation (se¢he curvelabeleddweak feedback A Yy 2GHomeizN,5
realwage rigidity and looselgnchored inflation expectations (case 2) magttiky effects of labor

market tightnes onwages angin turn,onLINA OS & 0 ( K SstrahgZRdaidack Y IA NJ 2R JdzNB
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Thus, the longer the overheating episode, the stronger the cafckffect,andthe weaker the
anchoring of expectations, the largsithe effectof labor market tightnesen inflation, and implicitly,

the stronger the eventual monetary contraction needed to return inflation to targéitelse equal

FIGURE. RESPONSES OF INFLATION TO A PERMANENT INCREASE IN LABOR MARKER TIGHTNESS
ALTERNRVE PARAMETER CHOICES

2.00 7| e Weak feedback
== Strong feedback

1.757

1.50

Percent

1.257

1.00

0.751

Quarter

Note: The figure shows inflation in alternative simulations of the model, starting from steady state and
assuming a permanemne-unit shock to labor market tightness in peri@dParameter choices that
imply less catclup andwell-anchoredinflation expectations lead ta weakereffect of labor market
tightness on inflation, while grametersconsistent withstrongercatchup effectsandless well
anchoredinflation expectationdead to a stonger effect.

Figures 1 and gield important conclusiondf, in our modelan economyexperiences large
price shocks, they will lead to strong but mostly temporary increaséseidling inflation. The
persistence ofhose increasedepends on the anchoring of expectations and thegtee of realvage
rigidity. Ifthe economyexperiences overheating in the labworarket, it will seea slow but steady
increase in inflationyith the rate of increaseeflecting not onlhthe sensitivity of wages to labor market
tightness but, as in thecase of a price shocknthe degree to which inflation expectatiorzse
anchoredand theextent of real wage rigiditylf the two types of shocks hihe economy
simultaneously, theshock to pricesvill dominate inflationinitially. Howeverasthose effects fade

higher underlying inflatioemanating from the labor marketill become increasingly important
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M. Empiricallmplementation of the Model

In this section we discuss the empirical implementatiothefmodel, intudingour choicesof
exogenous driving variables, and smmarizethe estimation results for each of the four equations.
More completeestimationresultsandresults foralternative specificationare presented irthe
Appendix The model is estimated using quarterly dafar data availability reasons, and because there
is evidence o# break in inflation dynamics around 19%0q.,Blanchard2016), we begin our
estimation in 1990Q1, using a data $ieat, to accommodate four wgrterly lags, bginsin 1989Q1.

For our baseline results1 order to see whether preovid relations can explain what happened
since covidtruck we end the sample in 2019Quéhus excluding the covid period (2020Q2D22Q4),
with one exception: liorder to include meaningful variation the state of supply chains, vestimate
the baselineprice equation ovethe full sample includingthe covid periodGenerally, the results
obtained for the wage and inflation expectations equatidaswell ador the price equationexcluding
the supply chain termare very similawhether we usahe pre-covid period or the whole sampléhis
suggestghat, given the shocks, the conditional process generating prices, wages, and expectations
during the precovid eriod remainedlargelystableduring the covid era

Our estimation strategis a hybrid approacthat approximates a structural vector
autoregressiofSVARYvith added exogenous variablefn the spirit of SVAR analysis, we imposed
restrictions on the coremporaneous relationships among the variablessed on our simple modblt
left the coefficients on lagged variabliesgely unrestricted? Specifically, in each estimated equation
we included four lagef each of the endogenous and exogenous variainlelsided in that equation
(We included only one lag of the productivity trend, whisfalreag constructed asn eightquarter
moving averag, in the price and wage equationdgntification of the wage equation is achieved by
assuming that wages respond to other variables with a lag of one quarter. Wage inflation then affects
inflation, and by implication, inflation expectations contemporaunsly.

We turn now to estimation of the model equations. With the estimated parameters in hand, we

will be able to evaluate thdriversand dynamics of any of the endogenous variables, including wage

31n the reported results, we imposed a homogeneity restriction on the estimates that implies that, in theuion

a given change in inflation implies an equal change in shorind longrun inflation expectations. Alternatively,

the restriction can be interpreted as requiring that the lanm Phillips curve be vertical. Under either

interpretation, the restiction seems economically justified. The restriction is not rejected at the 5 percent level for
the wage and price equations but is rejected at the 2 percent level for the two expectations equations. However,
even in the latter case, the estimates undeettestriction are close to the unrestricted estimates. Consequently,
the restriction has no material effect on the main results of the paper.

12



and price inflationFor reference,Table lbelowliststhe mnemonics andlatasources of the

endogenous and exogenous variables in the empirical model.

Table 1. Variables and mnemonics used in estimation of thedel

Endogenous variables

T op Price inflationasmeasured by quarterlgnnualizedrates of change in the
Consumer Price IndgCPI) Bureau of Labor Statistics (BLS)

1 gw Rate of growth of nominal wagegquarterly and annualized, as measure by rtéie
of change in the Employment Cost Ind&CI)BLS

1 cfl  Shortterm inflation expectations, measured loye-year inflation expectations as
constructed by the Federal Reserve Bank of Cleveland

 cfl0 Longterm inflation expectations, measured by thef S @S | y RearGrfidfidn a

expectations series

idSy

 catchup [ 2aaSa (G2 62NJ]SNRQ LIzZNOKIF &aAy3a L2 éSNI RdzS

guarter average of CPI inflationinus the oneyearinflation expectationfour quarters
earlier. Catchup is a linear combination @lastgpandcfl.

Exogenous variables

1 ogrpe Rate of growth ofhe relative price of energyuarterly and annualized, measured

asthe rate of change of the ratio @Plenergy prices tahe ECI

1 ogrpf Rate of growth of the relative price of food, quarterly and annualized, measured as

the rate of changef the ratioof CPI food prices to theCl

1 viu Ratio of job vacancies to unemployment, frdime BLSob openings and labor
turnover survey(JOLTSndthe BLS Employment Repokarlier data from Barnichon
(2010)

9 shortage Anindex of supply chaiproblemsbased on Google searches; described below

T oapty Trend poductivity growth, measuredoy thechange irthe eightquarter moving

average of nonfarm businessalue added divided by nonfarm employee hours, frihve BLS

13



The wage equation

Following our simple modelve posit thathominal wage growtllepends on labor market
tightness,short-run inflation expectationghe catchup effect (the tendency of wagds riseto
compensate for past unexpected inflatiorgndtrend productivity growth.

We chamse the Employment Cost Index (ECI), wages and salaries sentpas our measure of
the nominal wage. The ECI is generally thought to be a better measure of wages than the main
alternative average hourly earnings collected by a BLS survey of employleesause it corrects for
changesn average earnings due changesn the composition of employment. The ECI is available only
quarterly, but thatis nd a problemheresince we are using onfyuarterly data in estimatiornOfficial ECI
data begin i001Q1 To allowour estimationto start in 1990, we extended the seriésickwardusing
an older ECI seridsased on a different BLS survey.

We need a measure of thightness of the labor marketienotedwin the previous section.
Traditionally, the state of the labor market has been m@&d by the unemploymentte 6, or
sometimesby the difference between the unemploymentrate andthe/ | G dzNJ £ ¢ 2 NJ adzaAa Gl Ay
unemployment ratep” 8The perceivedmportance ofunemploymentas alabor-marketindicatoris
reflected in the fact that it is one of only four macroeconomic variafileecastby the FOMC in its
Summary of Economic Projections

A conceptual weaknessf the unemployment rat@s an indicatois that it is based solelyn
informationabout the staus ofhouseholds and does ndirectly incorporatanformationon the hiring
plansof employersBut the labor markeinvolves costly search by employers for workers as well as by
workers for jobsIn principleat least agiven unemployment rateouldbe consistent witheither a
strong labor market, with upward pressure on wages, or a weak labor manketow wage presure,
depending on whethejob openings are plentifudr scarce.

An alternative indicator of labor market slaitiat usesinformation from bothworkers and
employers ighe ratio of the vacancy rate (job listings reported by employers divided by the laluz)
to the civilianunemployment ratev¥6. Normallyd and 0¥6 usually move closelyinversely)
togethert their correlation inour pre-covid sample i90.88t andthey perform similarly in wage Phillips
curves estimated over the preovid period (Ball et 312022; Cecchetti et al., 2023jowever,as has

been widely notedincluding in Federal Reserve communicatiahsjng the covid erghese two

4The older survey was discontinued in 2005. That series is an index for total compensation for all civilias, worke

that is including benefits, seasonally adjusted. The BLS mnemonic is ECS10001l. We thank David Reifschneider for
calling this series to our attention. We used a dummy variable to correct for a level shift between theQiréCl

data and the currentlpfficial post2001 series.
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indicatorsdivergeddramatically Following a spike during thgandemiclockdowns, the unemployment
rate declinal graduallyBythe end of 2021 iappeared to stabilizat a level modestly below 4 percent
implyingt dzy RSNJ 6 KS Cha/ Qa Y laMydicennafufaRundmaléymieyitrdtertaty 2 F
labor market conditionsthoughmoderatelytight, were not becoming significadly tighter. Moreover,
the unemployment rate in late 2024as comparabléo or slightly higher tharhat just prior to the
pandemic, a period withoutvidentinflation pressuresThe signal from the unemployment rateas
consequentlthat labor marketoverheating was not an imminent threat to price stability.

The picture portrayed bthe vacancyto-unemploynent ratio during the covid eravasquite
different. Thatratio rose fromless thanl.0 in April 2021 (that isess tharone open job per
unemployed worker) t@ historicallyhigh level of aboul.9 (nearly two jolmpening per unemployed
worker) ayear later This increase implieah exceptionally rapid pace ta#bor-markettightening to a
levelconsiderablygreaterthan during the immediateore-covid periodand, indeedany period since
these data have been collectes of this writing076 hasdeclined onlymoderatelyfrom its peak
consistent with a labor market thaemainsoverheated

Which indicatorof labor market tightnesg better?As theirhighcorrelation andcomparable
performance in Phillips curves suggests, in normal titheswo indicators give very similar assessments
of labor market conditions. Howevehe relationship between vacancies and unemploymemnged
materiallyduringthe covid periodwith more vacanies (more search effolty employer¥ needed to
achieve a given rate of hiringplding constant thewumber of unemployedBlanchard, Domash, and
Summers 2022)Equivalently, the Beveridge curve, the downward relation between vacancies and
unemployment, apears to have shifted upward since 202@.labor market tightnes, as reflected in
2Nl SNEQ oFNHIFIAYAYy3 LI 6SNE R &lafeiRthe nanyber of iedpley dzY 6 S NJ
lookingfor work, then the ratio of vacancies tmemployment remains a good measure of tightness
evenwhen employers must search more intensivilyfind potential hires. In contrast, given the
number of unemployedg 2 NJ] SNEQ oF NAFAYAYy 3 LR2SNI YR fF062N Yl N
there are manyacancies to be filled than when vacancies are scarce. We concludefthata more

reliableindicator of labor market conditions in timeggsduring the pandemic and its aftermatim which

5 Many factors no doubt contributed to this shift. Firm closures implied thatdéfiémployees had to find new

jobs rather than return to their old ones. Changes in family arrangements, iliness, and other effects of the
pandenic lockdowns may have reduced the (unobserved) intensity of search effort of some unemployed workers.
Employers may have failed to appreciate the extent to which, because of concerns about returning to jobs
involving personal contact or perhaps becauseeaissessments of woilife balance, workers had increased their
reservation wages.
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the efficiency of the employeworker matching proceskas changed materiallfzor this reason, and
followingthe direction taken ilmuchrecent researclandin Federal Reserve policy communicatipne
use0T6 asour empiricalmeasure of labor market presmi®

To capture shorterm inflation expectations, wase oneyearinflation expectations as
constructed by the Federal Reserve Bank of ClevelHmd.expectations series is partly retrospective
and modelbased which is a drawback, but it has the advag of combining several typesrebHime
information, including data from financial markets and from surveys. We have also estimated our model
usingforecasts of the Survey of Professional Forecasters (SPF) as proxies for inflation expectations (see
the Appendix for the results)When we use tis alternative measure, the differencésr both the wage
equationand the other equations are minor, and the conclusions we draw in thediexiot changeWe
commenton some results for alternative data choices and sample periods below.

We construct our measure tiie wagecatchrup term as the difference between realideCPI
inflation over the current and past three quarters and three-yearexpectationof inflationas offour
guarters earlierThe catchup variable thugqualsunexpected inflation, whiclve hypothesize may
affect subsequent wage bargaiiisvorkers arefocused on maintaining the real buying power of their
wages As has been noted,ur measure of labor productivitig an eightquartermoving average of
nonfarmproductivity growth

Asalsodiscussed above, weant to be guided by our formal modelhile maintaininglexible
lag structures. Accordinglywe keep theidentifyingassumption that wages respormmhly to lagged
values of the independent variables, awe regress wage growttw on a constantfour (quarterly)lags
of itself, four lags of shortun inflation expectationsfl, four lags of the unexpected inflation term
catchup, four lags of our proxy for labor market tightna@s&, and one lag of trend productivity growth
gpty.

Table2 below reports for each rightside variablén the wage equationthe included lags, the
sum of the estimated coefficieafor each variablend wo p-values. Thdirst p-value,denotedp-value
(sum) is the probabilityof rejection ofthe null hypothesighat the sum ofcurrent (if applicablelndlag
coefficients fora given variable is zero. The secordajue,p-value (joint) tests the joint hypothesis

that each of thecurrent andlag coefficients is separately zefmensure that the longun wage HRillips

5 For more on the Beveridge curve, and an early argument for the use of the vacanagmployment ratio as a
measure of labor market tightness, see Blanchard and Diamt®gbj.

"The SPF forecasts are made in real time, an advantage. However, they raise some issues of timingyeag., ten
forecasts in each quarter are for the subsequent decade, rather than for the ten years beginning in the forecast
quarter. This featurdeads to discontinuities between fourthuarter and firstquarter tenyear forecasts.
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curve is verticalwe impose daomogeneity assumptio(see footnote ¥or more discussionwhich here

implies thatthe sum of coefficients on lagged nominal wage growth and lagged short expectations is

equal toone.

Table2. Wagegrowth regression Dependent variable gw

Independent variable gw v/u catchup cfl gpty
Lags -1to-4 -1to-4 -1to-4 -1to-4 -1
Sum of coefficients 0.460 0.693 -0.024 0.540 0.031
p-stat (sum) 0.008 0.030 0.765 0.002 0.608
p-stat (joint) 0.071 0.023 0.994 0.022 0.608
Rsquared 0.583

No. observations 120

Notes: Sample is 1990Q1 to 2019@4alue(sum)is the pvalue for the null hypothesis that the sum of
coefficients is zerq-value(joint) is the pvalue for the joint hypothesis that each of the lag caéénts

separatelyequals zero.

Table2 suggests thatwhenu70 is used as the measure siack the wage Phillips curve remains

alive and wellin that the estimateckeffect of labor market conditionsn wage growth isignificant,

both statisticallyand economicallyBased on the sum of estimated coefficiefds the four quarterly

lags of the vacanei-unemployment ratioand the sum of the coefficients on lagged nominal wage

growth, an increase w6 from, say, 1.0 to 1.%oldingconstant other factorshas alongterm effect

on nominal wage growth 00.5 x0.693(1-.460), or 0.64 percentage point§ (Whenwe usethe SPF-1

year forecast, the effeaf v¥6 is marginally larger, 0.74, and higlhatisticallysignificant)

The sum of the coefficients ahort-run inflation expectationsgs high relative to the sum of

coefficients on lagged nominal wage growth (under the homogeneity assumption, the cfutime

coefficients on the two variables add to on&his estimatesuggests thashort-run inflation

expectations feed fairly quickly into wages, although, as we sbabelow, short-run inflation

expectations react slowly to actual price inflation.

There isno evidence of aatchup effectin Table 2Whenwe useSPH-year forecasto

measure shorun inflation expectationinstead, thecatchrup effect isestimated to besmall and

positive, and marginally significant, with sum of coefficients equal toVlien we estimate the

8p2GS GKS AYLRNIIYyOS 27
empirical model as well, in general equilibriumtileg other factors adjust leads to steadily increasing inflation.

GK2ft RAy3 Oz2yaidl yi
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equation over the full sampleof either measure of shoiterm expectations, ie estimated catchup
effect remains small, and is statistically insignific3iie movingaverage trend in pductivity growth
has nostatisticallysignificant effect onwage growth suggesting that some of the effect of productivity
growth may becaptured by the constant term of the equation

As a check on our specification, we c@e howthe wage equatiorestimated on the precovid
samplefits wage dataduring the covid period (2020@2023Q1). AsFigure3 shows, tle estimated wage
equationpredictswage behavior after 2019 reasonably weitluding the upward trend in wage growth
over the period Thefitted wageS |j dzI G A 2 y Q a sfdr 2020EBSwhéntherekuation predictsa
larger decline in wage growth than actually occurr@dzen thetremendousdeterioration in labor
market conditions in the early stages of the panderitits not surprising that the equi@n predictsa
commensurate decline in wag@sthat quarter Downward nominal rigidity in wages apdrvasive

measurement issues likely explaimost ofthe miss.

HGURB. WAGE GROWT2020Q12023Q1 COMPARED TO PREDICTIONS OF WAGE EQUATION
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Note: The figure showactual and predicted nominalage growth, 2020Q2023Q1, based on the wage
equationestimated on the precovid sample

The price equation

We turn now to the determinants of price inflatioln our model, price growth depends on
nominalwage growth anan other factors that affect prices given wagesich agyrowth in otherinput
costs Our estimated equation includes four lags of inflation and the current value and fowflagge

growth. We use themore familiar andimelier Consumer Price Ind€Plas our measure of the price
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level TheAppendix shows thaneasuring pricesisingthe personal consumption expenditures (PCE)
deflator leadsto very similaresults We continue to use the ECI as our measurearhinalwages.

Asubstantial part of thgpandemieerainflation surprise reflected rapjdargelyunanticipated
increases in food and energy pric®e consequently includeith our specificatiortontemporaneous
values andour lags each of the growth ratesfimod (grpf) and energy price@rpe), as definedoy the
CPI, withboth measuredrelativeto the contemporaneous growth rate imominalwages.Shocks to
these variableshould thus be interpreted ashocks to relativeather thanabsolute pices Since lags of
nominalwage growthare included in theestimatedequation, however, the fit of the equatiomould be
the sameindependent ofwhether the growth of input prices enters in relative or absolute terms.

Simply treatig relativefood and energy prices as exogenous infhiee equation per
conventional practiceis a bit unsatisfying, as it leaves unanswered the question of why these prices
moved up so sharply andpparentlyjn a roughly synchronized wajo gain some insight into this
guestion we performedthe followingexperiment.

We hypothesized that comnmomovements in the prices af range ofdisparate commodities
were more likely to reflect the influence of global demand changes (the result of global macroeconomic
policies, reopening from the pandemic, and large geopolitical events like the Ukraineather) than
changes in supply, as conditions affecting the supplies of diverse commodities, such as local weather
conditions or the opening of new mines, are likely to be largely idiosyncratitnd the commortrend
in commodity prices, we used a pripal components approach.

Specifically, & collectedmonthly prices for 1990 to the present tife 19commodities included
in the familiar Commodity Research Bureau (CRB) commodity price’ide standardize@ach
commodity price series to have mean @end a standard deviation of oné/e calculatedhe first
principal component of thge price seriedinding that it explained 66.0 percent of the overall variance.
The two figures below show the estimated principal component (converted to a quartegyency),

together withthe CPlenergy(Figure4) and food pricgFigure5) components since 2020Q1

®The CRB index currently compriggies of 19 commoditiesncluding energy, metals, and agricultural
commodities. We gathered prices of commodities currently included in the index mgncnanges since 1990 in

the composition of the index. Commaodity prices were weighted equally in our principal components ex¥grsise.

of regressions of each commodity price on the principal component, using monthly data from 2020M1, were high
for energy, food, and metals, with a few exceptions, notably gofd ( T8t { cocoay  181), and orange juice

(Y m8 p
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FIGURE. (RB PRICEERRINCIPAL COMPONENT AND ENERGY PRICHZ023201
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Note: The figure shows the first principal component (common trend) of the pricEScommodities
currently included in the CRB commaodity price index, together with the CPI price of energy, in levels
(198284 = 100)

FIGURE. CRB PRICERINCIPAL COMPONENT AND FOOD PRICESZ2P2200Q01
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Note: The figure shows the first principal component (common trend) optloes ofl9 commodities
currently included in the CRB commaodity price index, together with the CPI pficedyinlevels(1982
84 =100)

Figures4 and5 present a mixed picturéenergy pricegenerally moved in line with theommon
component rising for a period, spiking in early 202Rdthen decliningFood pricegollowed the
common component upward as well babntinued to riseafter the common component peakehd
began to declineOur interpretation is that in the earlier part of the pandemic, energy and food prices
wereindeeddriven primarilyby demand factors, including global fiscal and monetary policidgtae

reopening of many economies from covid lockdowns. Rhssian invasion of Ukraine that began on
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February 24, 202Zaused a further spike in commodity prices, which waned as the perceived threat to
global commodity supplies moderatetihat story isonsistent with the behavior of energy price
However, he continued increase in food pricéslowingthe sharp decline in the prices of raw
commodities, a phenomenon not confined to the United States, bears further investig&fimeretail

food prices reflecimany inputs beyod raw commoditiesincludinglabor,changes in nortommodity

input prices and wages could be one reason for this divergdthaecompetitive behavior is another
possibility, asthe food price index includes distribution ngns, andhe retail food industry has

become more concentratenh recent decadesZgballos, Dong, and Islamaj, 2023).

Besides commodity pricegervasive shortagesf certain good$iaveoften beencited asa
source of inflation during the pandemic peri¢@omin, Jones, and Johns2023) Theseshortages and
disruptionshavereflected developments in both demand and supply. On the demand Isickdowns
and fears of infection letb a shift in consumer spending fromierson services to goods, especially
durable goodsTheshare of nominal consumer spending devotediurable goods rose from about 10
percentin the yeardefore the pandemic to about 13 percenmnce the pandemic begaan increase of
nearlya third. On the supply side, global supphains werelisrupted by pandeminduced shutdowns
of the production of key components aratiticaltransportation linksThe combination o$harply
increased demand for goods, which would have put strains on even a normally functioning supply
system andthe gaps at critical points glupply chains andansportation networksgreated shortages
andsharpprice increases.

One might argue that increases in relative demand in some sectors, and associated higher
prices, should have been largely offset byr@ases in relative demand in other sectaasdassociated
lower prices. Shortages however introduce a fundamental asymmetry. If we think for example of firms
facing a flat marginal cost up to some physical constraint where supply becomes verticaglttime
demand increases, if large enough, will move prices along the vertical supply curthee but
correspondingelative demand decreases will move prices along the horizontal portion of the supply
curve The increase in prices in some sectors will hetoffset by a decrease in prices in the others. This
effect will be stronger, the larger the variation ielative demand or in relative supply constrainBoth
factors seemed to have played a ratethe pastthree years.

The automobile sectoran inportant contributor to the early surge in inflatiofllustrates the

role of demand and of supply constrairfteee Figur® below).
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Figure 6PRODUCTION AND SHORTAGES IN THE U.S. AUTOMOBILE2NEBI8ZB8X2Q4
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Note: Motor vehicleassemblies data pertain to the United States, inventories represent inventories held
in the U.S. of vehicles assembled in North America. Google searches are measured by an index,
2021Q3=100. Sources include the Federal Reserve Board of Governors, Blteanomic Analysis,
Google Trends.

U.S. ehicle productiorplunged during the initial lockdowns then recovemgtien factories

reopened Assemblies raat about an 11.7 million annual rate in July 2020mparabldo or slightly

higherthan pre-pandemic poduction rateq(top panel of Figur@). However, persistent shortages of
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critical chips and othekeycomponentssubsequentlyestrainedvehicleproduction, which felbelow an
annual rate of 9 million unitsa decline of about a quarterby the fall of 204.. The other panels of the
figure show that the reduced production did not reflect a lackatiential customersinventories of
new cars for sale fell to record low levals dealers could not keep up with demafsécond panebf
Figure6) and, consequentlynew automobile prices spiked (third panélhe bottom panebf Figure6
aK26a Ly AYRSE 2F D223tS &SI NDstkofvihighivdséshdplylid & K 2 NJi
2021. The vertical dashed line in the figure at 2021Q3 illusirtte ¢ose relationshibetweenthese
developments. That quarter saw the trough in automobile production, the decline in inventories to
record low levels, the spike auto prices, and (a quarter earlier) the peak in Google seardwssistent
with a shatage-inducedprice jump
Asthe figuresuggests, the Google search variables appear to be good proxies for the sectoral
demand shifts and supply chain disruptions, at least in one very important indushrgrtéges of new
cars spilled over to the priced used cars, which at times weagsoimportant drivess of inflation.) This
led us to usan index of the number dBoogled S| NODKS & F2 NJ {Gikddr prics edivatiomst K 2 NIi | 3
aproxy for the combined effects of the shift in demand towards durabledmand thalisruptions of
supply chais. We experimented with several other measurssupply chain problemssed in the
literature, includingi KS CSRSNI f wSaASNBS . I yi,the BaltibByindex2 N Qa & d:
supplier delivery times as reported Hye Institute for Supply Managemerthe ratio of durable goods
to services spending, and othelsjt found that theGooglesearch vaablesprovided by far,the most
explanatory power
The collision of high demand and limited supply in some sectors can account for at least some of
the increase in markups observed during the pandemic period. While other factors no doubt influenced
markups, including for examplime fiscal transfershat directly affected demand in product markets,
least in ths simple specificatiowe do not find that including these factors is needed to explain the
behavior of pandemiera inflation (see Figure 7 lwat).
A summary of stimation results for the price equatidagiven in Tabl& below.As beforethe
Appendix provides more complete resyles well as estimation results using the [@€fator rather

than the CP&s the measure of prices
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Table3. Price inflation regression (dependent variablgpy

Independent variable ap ogw grpe grpf shortage apty
Lags -1to-4 Oto-4 Oto-4 Oto-4 Oto-4 -1
Sum of coefficients 0.335 0. 665 0.066 0.126 0.018 -0.143
p-stat (sum) 0.037 0.000 0.000 0.050 0.281 0.026
p-stat (joint) 0.066 0.000 0.000 0.050 0.000 0.026
Rsquared 0.947

No. observations 133

Note: Sample is 1990Q1 to 28Q1L p-value(sum)is the pvalue for the null hypothesis that the sum of
coefficients is zerq-value(joint) is the pvalue br the joint hypothesis that each of the lag coefficients
separatelyequals zero.

The tablereports the results oaregression oprice inflation ona constantfour lags of itself,
the current value andour lags of nominal wage growthnd thecurrent values andour lags each of
inflation in the relative prices of energy and faddso included as independent variables wtre
current value and four lags @oogle searche®r shortage and one lag ofrend productivity growth
which should affect unit labor costs and thus pridescall that, in order to includibe shortage
variable which is roughly constant and small previd,the inflation equation unlike the other
equations,is estimatedor a amplethat includes the covid periodEstimation of theprice equation in
the pre-covid sample, excludirghortage produced similar estimates for the other variables in the
equationl®) The equationreflectsthe imposednhomogeneity assumption that the sum of the
coefficients on past price areh wage inflation sum to one

In Table 3,he large sum of coefficients on nominal wage growth relative to the sum of
coefficients on lagged inflation implies a fairly rapid passilgh of wages to price3 he relative prices
of energy and food also affect inflation, as expected, though the sum of the coefficients on the relative
price of food ionly marginallystatistically significanfTheestimatedlong-run effect ofanenergy pice
shockon the price level, other things equal, is 0680@.-0.33) =10 percent so abouta thirdlarger than
S vy S NsAa¥eQrithe CRiasket(7.4perceni. The estimated longun effect of a food price shock is
equal to 0.1B8/(1-0.33) = 19percent, so about 8 percentlarger than the share of food in tHeasket

101n the full sample estimation, to avoid an artificial jump between the-gueid and coviebra parts of the

sample shortagewas set to 5ndex points in the pre&ovid sample, roughly the mean value of this variable for the
period prior to 2021 when data were available. From 2020Q1 on, the quarterly averageindéxeforshortage
peaked twice, at 48 in 2021Q2 and 33 in 2022Q4.

24



(14.4percend. Since wages are controlled for, these findings sugtespresence ofome second
round price-price effects of energy and food price shockstba prices of other gods over time.

The sum of the coefficients on the shortage variableot statisticallysignificant though the
joint hypothesighat the lag coefficients are each zero is strongly rejectdd.interpret thesefindings
as suggesting thahortages have a strong, but temporary effect on price inflatioend productivity
growth enters with the expected negative sign (higher productivity reduces unit labor costs, given
wages), with an estimated coefficient thigtstatistically sigficant at the 5 percent level

Aswe did for wage growth aboveave can use tis estimated equation tgredictthe path
of inflation over the covid periods Figur& shows, tle predicted inflation series is quite close to the

actualcovidera data

HGURE. INFLATION, 2020€2D23Q1, COMPARED TO PREDICTI®GRIOE EQUATION
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Note: The figure showgredictedand actual inflation, 2020Q2023Q1, based on the price equation
estimated over thdull sample

Inflation expectations equations

The final equations to be estimated are those determining shamtand longrun inflation
expectations.Inflation expectationsan be measured in many wayscluding through financiaharket
indicators, consumer and business syy, and the expectations of professional forecasters. For our
baseline results we use the otyear and teryear inflationexpectations series constructed by the
Cleveland FedheAppendix discusssresults obtained when we use measures of inflation exg@mns

based orthe Survey of Professional Forecasters.
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Begin with theequation for shortterm inflation expectationgcf1). Our modelpositsthat short
run inflation expectationin each period are a weighted average of ldagn inflation expectations and
realized inflationIn the application we also includags of shorterm inflation expectations, which
allow for the possibility of gradual adjustmeit/e accordingly estimatan equationthat hasshortrun
inflation expectations depenidgon four lags of itself, the current value and four lagewf measure of
longrun inflation expectationscf10, and current and four lags of actual inflatidrable4 below

summarizes the rests.

Table4. Shortrun inflation expectations (dependent variableft)

Independent variable cfl cfl0 ap
Lags -1to-4 Oto-4 Oto-4
Sum of coefficients 0.369 0.506 0.124
p-stat (sum) 0.014 0.000 0.001
p-stat (joint) 0.001 0.000 0.000
Rsquared 0.910

No. observations 120

Note: Sample is 1990Q1 t029Q4.p-value(sum)is the pvalue for the null hypothesis that the sum of
coefficients is zerq-value(joint) is the pvalue for the joint hypothesis that each of the lag coefficients
separatelyequals zero.

We again impose homogeneityhichin this casemplies that the sum of the coefficients of the
three variables equal ongThe unconstrained sum of coefficients is 0.983. noted, hishomogeneity
restriction, together with a similar restriction on the lomgn inflation expectations equatiomnsures
that, in thelong run, a sustained increase in inflation will raise inflation expectations by the same
amount In the short run, however, thatlation need not holdand the fact that current and lagged
inflation enter this equation with a small sum of estimatad coefficients suggests that shestrm
inflation expectations areelatively wellanchored that is,all else equal, thegre only modestly
affected by neaterm changes in inflatiorHowever, given the high autocorrelation of shoun
inflation expectationsthe estimatesalsoimply thatsustained inflatiorgets increasinglyeflected in
short-run expectations over time.

Like the previougquations the estimatedequation for shorirun inflation expectations does a
good job ofpredictingpandemicerainflation expectationsout of sampleas shown by Figui& There is

no evidence of danchoring definedhereas an increase in the shemtin effect of inflaion on expected
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inflation: If estimated over the whole samplmcluding the covid periodgstimatedcoefficientsare very
similar. For example, the sum of coefficients on inflation i$3Bin the full samplecompared to .24

in the pre-covid samplalone

FIGURB. SHORRUN INFLATION EXPECTATROR®Q12023Q1, COMPARED TO
PREDICTION SHOR-RUN EXPECTATIONS EQUATION

4 || — Actual
= Simulated
3 4
c
@
S
(4]
o 2_
1 4
Q12020 Q32020 Q12021 Q32021 Q12022 Q32022 Q12023

Note: The figure showgredictedand actual shortun inflation expectations, 2020@2023Q1, with
predicted \aluesbased on the associated equatiestimated on the precovid sample

Finally, Table5 showsour estimatedequation for longrun inflation expectationscf10).
Followingour modeling assumption thabng-run inflation expectations evolve as a weighted average of
the previous level of lorgun expectations and actual inflatipim the estimated equation we allow
long-run inflation expectations talepend onfour lags of itself and the current value afwdir lags of
realized inflationThe results echo those for shemin inflation expectationsWe impose the
homogeneity restriction that sum of coefficients is equal to o unconstrained sum of coefficients
is 0.9, soonce agairthe homogeneityrestriction makes no substantial difference to the results.

The response of lorgun inflation expectations to shortun movements in prices is relatively
small, suggesting that loagin expectations are wetinchored.In particular, here is noevidencethat
long-run expectations became eenchored during the covid periodhe sum ofcoefficientson current
and lagged inflation weraot much changedyeing estimated as 031 in the whole sample, compared
to 0.025in the precovid sample.The high estimated autocorrelation of loagn inflation expectations
implies that a sustained increase in inflatiwill lead toslowly butsteadily rising longerm inflation

expectationswhich matches the patterin the covideradata. See Figure 9.

27



Table5. Longrun inflation expectations (dependent variablefi0)

Independent variable cf10 ap
Lags -1to-4 Oto-4
Sum of coefficients 0.975 0.025
p-stat (sum) 0.000 0.208
p-stat (joint) 0.000 0.004
Rsquared 0.936

No. observations 120

Note: Sample is 1990Q1 to M1 p-value(sum)is the pvalue for the null hypothesis that the sum of
coefficients $ zero p-value(joint) is the pvalue for the joint hypothesis that each of the lag coefficients
separatelyequals zero.

FIGURBE. LONGRUN INFLATION EXPECTATIONS, 2000QQ1, COMPARED TO PREDICTION
OF LONRUN EXPECTATIONS EQUATION
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Note: The figure showgredictedand actualongrun inflation expectations, 2020@4023Q1, with the
predictionbased on the associated equatiestimated over the pre&ovid sample

Impulse Response Functions

The estimates of this section provide parametalues for the empirical version of our model.
The model determines four endogenous variables (price inflation, wage inflation, andrsimoaind
longrun inflation expectations) given initial conditions and five exogenous variables (the vaoancy
unemployment ratio, the relative prices of food and egy the shortage indicator, and trend

productivity.)
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The estimatedmodel can be used to calculate impulse response funcijiRissjhat take into
accountboth the simultaneityand lagged relationshipemong wages, prices, and inflation expectations.
Fa example, we can estimate the dynamic effects of a shock to a particular equatidia ehange in
any of the exogenous variables, taking a general equilibeinchdynamigerspective Estimated
impulse responsessingthe full model capture not only thdirect effects of ajivenshock (e.g., as
reflected in the estimated coefficientsf the shocked variabla each of the equations) but also the
knockon effects in all subsequent periods. For examateincrease irthe relative price of energy
affects pice inflation directly, but it alsomotivates workers to try to maintain their real wages (the
catchup effed) and increases botkhortrun and longrun inflation expectationsgach of which feeds
into wage inflation angubsequently into pricenflation over time

In Section 2using the simple model argtarting from the steady state, wehowed the
responses opriceinflation to (i) a positive, permanent shock to the price equatigigurel) and(ii) a
positive, permanent shock to labor mkt tightnesgFigure2). We conducted these exercises using two
sets of hypothetical parameters) the processonfirming the intuition that the persistence of inflation
in the face of a shock fgpicallyless wherthe catchup effect is small (workerare unable to regain
much of the purchasing power lost to unexpected inflation) arflhtion expectations are well
anchored With the full modelnow including estimated parametend unrestricted lags, we can
repeat those exercises. As befovee stat from a steady state and consider esandarddeviation
positive shocks teach of three price shockshe relative price of energy, the relative price of food, and
the shortage index and to the vacancyto-unemployment ratio.The standardleviations used for the
shocks are calculated using data from 20208Q2023Q1! The results argivenin FigurelO for the

three price shocks anand Figurell for the vacancyto-unemployment ratidbelow.

1 The stadard deviations are respectively 32 percent for the quartely rate of change of the relative price of
energy (which varied for 45 percent 162 percent during the period) at an annual rate, 3.2 percent for the rate of
change of the relative price of foofwhich varied from 8.9 percent td..3 percent), 11.6 for the shortage index
(which varied from 10 to 48), and 0.5 for the vacatmyinemployment ratio (which varied from 0.26 to 1.91).
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FIGUREQ RESPONSE OF INFLATION TO SHOTHIRELATIVERICEOF ENERGY, THE RELATIVE
PRICE OF FOOD, AND THE SHORTAGE INDEX

Note: The figure shows the futhodel, dynamic responses of inflatido a onestandarddeviation
positive shock taelative energy prices, relative food prices, and the shortage biarid maybe
compared to the hypothetical responses of inflation under alternative parameter assumptions in Figure
1.

Figure 10 is striking, in that the effects of the three price shocks on inflatioguates short
lived, even more so thaim the simulation of the analytitanodel under weak feedback parameters
(Figure 1) The effects mostly disappear in the quarter following the shock, although the short burst of
inflation together with not fully anchored inflation expectatioyiglds, in the case of an increase in the
price of energy, a small sustained increase in inflation of aboup@rtent This longerm effect reflects
the fact that as discussed earlienflation is indeterminate in this model, and its steastate level
depends on théehaviorof inflation in thepast.

Theshort-lived response of inflation to various price shooéfects our findings that real wage
rigidity (the catchup effect) is limited, and that shoerun and longrun inflation expectatios appear to
be reasonablywell anchored, adjustingery slowly to actual inflation. Thagchoring likelyeflects the
ONBRAOAfAGE 2F GUKS CSRQa O2YYAUYSyRiguré Hisghds (i dzNy
news for policy makers, as it suggests that, as price shocks fade or evengasther their effects on
inflation quickly (although not fullyjlisappear. These results are also in sharp contrast to what
happened in the 19708, time wheninflation expectations were much less anchored, dedauseof
automaticcostof-living adjustmets and other mechanismsatchup effects wergpresumablymuch
stronger. As a result, inflation due to price shogkstably oiland foodprice shocks, in the 1970a)s
very persistent, despite the fact that on the whole the labor market was not particularly tight during

that decade.
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