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Inflationary household uncertainty shocks

Gene Ambrocid

Abstract

| construct a novel measure of household uncertainty baseulivey data for
European countries. | show that household uncertaintykshdo not universally
behave like negative demand shocks. Notably, householdriamaty shocks are
largely inflationary in Europe. Further analysis, inclugla comparison of results
across countries, suggest that factors related to averagaups along with mon-
etary policy play a role in the transmission of householdewtainty to inflation.
These results lend support tgpécing biasmechanism as an important transmis-
sion channel.

JEL CodesD84, E30, E52, E71
Keywords: uncertainty, inflation, surveys of expectations
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There is a growing consensus that macro-uncertainty cag &ddwverse effects
on the economy. The empirical evidence that have been built up to suppost thi
assertion are based on various measures of macro-untgrifitese measures are
closely tied to financial markets, professional forecamt&conomic policy. How-
ever, an important channel for the transmission of unagstashocks is through
households’ propensity to consume, save, and waknsequently, empirical anal-
ysis focusing on household measures is crucial to formingnapcehensive under-
standing of the macroeconomic implications of heighteneckttainty. However,
direct measures of household uncertainty useful for maomamic analysis are

quite scarcé. This paper seeks to help fill this gap.

In this paper, | construct a new measure of household unertior Euro-
pean countries and document its business cycle propeltiesn use the proposed
measure to study the macroeconomic effects of householdrtantty and com-
pare against the effects of uncertainty arising from otloeirces such as financial
markets and economic policy. Finally, | compare result®sEicountries to gain
insight on the factors influencing the transmission of hbo®uncertainty to the
macroeconomy and use a simple model to verify the plaussilmfi some conjec-

tures consistent with the observed results.

The uncertainty measure is based on the fraction of houdgshwaho respond

with Don’t knowwhen answering a few questions in the European harmonized co

1See e.gBloom (2009 2014; Jurado et al(2015; Baker et al(2016); Rossi et al(2016), and
Carriero et al(2019 for a non-exhaustive sample of contributions to the ligm®in this respect.
The severity of these adverse effects may also be timengugnd state-dependent as shown in
Caggiano et al2014 2017, 2021).

2SeeSandmo(1970; Barro and King(1984; Pijoan-Mas(2006; Born and Pfeifer(2014;
Fernandez-Villaverde et a2015; Ravn and Sterk2017); Basu and Bundick2017, andChris-
telis et al.(2020.

30ne example would beeduc and Liu2016 who use théMichigan Consumer Survey study
the macroeconomic effects of household uncertainty in tBe U



sumer survey. Specifically, | use the same forward-looking questions usexbn-
struct the European Commission’s Consumer Confidence Indipatwr to 2019.
A key advantage of the measure is that it is available oveng period of time, at
a relatively high frequency, and for a large set of countri€sese features make
it suitable for studying the macroeconomic consequenchswudehold uncertainty.
Further, the harmonized nature of the survey and the largetopcoverage facil-
itate cross-country comparisons to help uncover factasittiluence the macroe-

conomic effects of household uncertainty .

Figure 1 illustrates how household uncertainty has evolved ovee tior the
Euro area. The Euro area measure of household uncertdidty is elevated
precisely around events wherein European households weatbnably be more
uncertain. Over the period 2002-2019, household unceéytpmaked four times.
These follow closely with the enlargement of the Europeaiohblithe onset of the
Global Financial Crisis, the European Sovereign Debt Cramig] Brexit. Other
measures of uncertainty for the Euro area, such as theedal@atility of the Eu-
rostoxx 50 index as a measure of uncertainty in financial etarknd theBaker

et al.(2016 index for Europe, also peaked around these events.

When the measure of household uncertainty is compared witloadbset of
indicators, | find that increases in household uncertaippear to anticipate down-
turns. Periods of heightened uncertainty tend to be foltblg a drop in con-
sumer sentiment, a perceived worsening of household fisat@e output, high
unemployment, and higher inflation. Further, correlatianth reported planned

expenditures and views on the timing of large purchasesesidjgat the measure of

4SeeGiavazzi and McMahoi2012 for an earlier application of a similar measure focusing on
German households’ uncertainty around the 1998 Germanaeziections.
5See FiguréA.3 in the Appendix.



Figure 1: Household uncertainty in the Euro area
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The figure plots the index of household uncertainty (HUN)tfer Euro area . The series has
been standardized such that 100 represents the 2001-20gevand 10 points is one standard
deviation.

household uncertainty may be capturing households’ cosavout their ability to
support desired consumption. While heightened uncertéatys to more negative
views on whether now is the right time to make large purchasesalso positively
correlated with increases in planned durable expenditufesisehold uncertainty
Is also positively correlated with a measure of financialastainty but negatively
correlated with policy uncertainty. Nevertheless, alethseem to co-move at lower

frequencies.



More importantly, evidence from recursively-identifiecct@ auto-regressions
show that while financial uncertainty shocks tend to be deflaty and policy un-
certainty shocks tend to have ambiguous effects on inflationsehold uncertainty
shocks are inflationary for the Euro area. This result al¢dshimr many European
countries individually. This is in stark contrast to theuks documented bizeduc
and Liu (2016 for household uncertainty in the fSThey find that positive shocks
to household uncertainty raises unemployment and lowéegion and thus resem-
bles negative demand shocks. The results | document challdre notion that
positive shocks to household uncertainty may universalinterpreted as negative

demand shocks and particularly for Europe.

| conduct several robustness exercises to support thisiintishow that the re-
sults do not rely on the ordering of variables in the recersientification strategy
used in the vector auto-regressions nor on the recursivdifidation strategy itself.
| also show that fluctuations in household uncertainty dopmoky for sentiment
(or shocks to first moments of beliefs). Third, shocks toraldéve measures of
household uncertainty which focuses on specific questionisa survey also lead
to higher inflation. Fourth, the results remain in a vectdoaegression which in-
cludes three sources (or measures) of uncertainty assdeigth financial markets,
economic policy, and households. Finally, the result$ lstild when | construct
the Euro area measure of household uncertainty from infbiomacross Euro area

countries through factor analysis.

| find evidence in support of the notion that the response afietary policy

5Their measure of household uncertainty is constructed fatifferent type of response in the
US consumer survey. Inflationary macro-uncertainty sh@eleasured in the spirit afurado et aJ.
2015 were also obtained in the state-level analysisvinmtaz et al.(2018 for the US and by
Mumtaz and Theodoridi€2015 when studying the impact of US uncertainty shocks on the UK
economy. On the other han@arriero et al(2018 find no statistically significant effect of a VAR-
based measure of uncertainty shocks on prices using US data.



plays a role on whether uncertainty shocks are inflationBgrnandez-Villaverde
et al. (2015 have shown, using model-based simulations, that an otbenwfla-
tionary uncertainty shock can be deflationary if monetarlicpaesponds to it.
To empirically verify this proposition, | construct courfectual impulse responses
from the vector auto-regressions which zero out any pa@kdirect responses by
monetary policy to uncertainty shocks. | find that the reseanf inflation to house-
hold uncertainty shocks are largely unchanged in thesetedantual exercises
while the responses to financial and policy uncertainty kbd@ve become more
inflationary (less deflationary). Further, using simulategulse responses from
a New Keynesian model with two sources of uncertainty, Ifyghat uncertainty
shocks can both be inflationary and deflationary if they drm@ multiple sources

and monetary policy only responds to some of them.

The inflationary effect of household uncertainty in Europeds support to the
importance of gricing biasmechanism highlighted iBorn and Pfeife(2014) and
Fernandez-Villaverde et 802015 in the transmission of uncertainty shoc¢ksn
monopolistic-competitive markets with nominal rigidgigirms are more inclined
to raise prices when faced with higher uncertathfjhis is because it is relatively
more costly to end up with a lower, as opposed to higher, ghae what would
be ex-post desirable. When prices turn out to be lower thaimaptfirms sell a

greater quantity of goods at lower margins. On the other hainén prices are

’See alsdrasani and Ros§P018 on how modifications to the monetary policy rule can affect
the model-implied response of inflation to uncertainty $sdo Leduc and Liw2016.

8This is also referred to asgrecautionary pricingeffect inBorn and Pfeife(2021). See also
Fernandez-Villaverde and Guerron-Quintg@820. Further,Andreasen et al(2021) show that
uncertainty shocks have asymmetric effects over the bssiogcle and the reason behind this is a
stronger pricing bias effect during a recession.

°In a related strand of the literature, increased uncegtairay also lead to an increase in the
likelihood and magnitude of price adjustmerBathmann et al2019. This is because the volatil-
ity effect - firms expect to face larger shocks - may dominagantait-and-seeeffect in firm pricing
decisions Yavra 2014. See als@®aley and Blanc¢2019 for similar results in an imperfect infor-
mation environment.



ex-post higher than optimal, the reduced volume in salearisglly offset by larger
margins. Consequently, firms tend to set higher prices whesdfavith increased
uncertainty. In these models, the aggressiveness of a argngtlicy rule in taming
inflation, the degree of nominal rigidities, and the elastiof substitution are key

factors which can amplify or attenuate the mechanism.

| verify the link between the pricing bias mechanism and tidtaary household
uncertainty shocks in Europe by comparing the responseflation to household
uncertainty shocks across European countries. | find suitheterogeneity, from
deflationary uncertainty shocks in Austria, Finland, anddryal to inflationary un-
certainty shocks in Italy, Spain, and Sweden for examplepuislicted by theory,
the variation in inflationary responses to household uag#st shocks correlate
well with estimated average markups across these countigsher, when | cali-
brate a relatively standard New Keynesian model to matckdhation in markups
across these countries, | am also able to generate a symiate range of defla-
tionary and inflationary uncertainty shocks. | also showddiaonal simulations of
the model that variations in the degree of price rigidity ganerate both deflation-
ary (low rigidity) and inflationary (high rigidity) unceritaty shocks. These results
further reinforce the view that the pricing bias mechaniday® an important role

in the transmission of uncertainty shocks to the rest of tomemy.

The model simulations also reveal that the documented resitnf household
uncertainty from the vector auto-regressions are bettéchned by supply-side un-
certainty (shocks to the volatility of productivity shogkather than demand-side
uncertainty (shock to the volatility of preference shodks)he model® Specifi-

cally, only supply-side uncertainty shocks generate afsigmt positive correlation

10See the Appendix for an example of how supply-side uncégtaihocks could plausibly be
captured by the survey-based measure of household umtgrtai



between markups and inflationary responses as observesl¢nass-country vector
auto-regressions. One interpretation of this result iswheen households respond
with Don’t knowin the consumer surveys, they may be expressing their et
about the productive capacity of the economy rather than@og-wide propensi-
ties to consume vis-a-vis save. In addition, shocks to tha&tiity of productivity

- hence profitability - at the firm level may spill over to hobetds through (wage)

income uncertainty as shown By Maggio et al.(2020.

This paper adds to the literature on measuring macro-uaiogrt(e.g. Bloom,
2009 Jurado et a).2015 Ludvigson et al.2021; Baker et al.2016. Bloom (2014
provides an early review of the various measures and soafegxertainty used in
the literature. Focusing on survey-based meas@ashmann et a2013 2019,
andBachmann et al(2021) construct measures of uncertainty for German firms.
Lahiri and Liu (2009; Boero et al.(2008; Lahiri and Sheng2010; Abel et al.
(2016; Boero et al(2015; Clementg2014); Rossi and Sekhoposy#2015; Rossi
and Sekhposya(017); Jo and Sekke(2019 and Rossi et al.(2016 construct
measures of uncertainty based on surveys of professioreddsters. | introduce
a new measure of uncertainty associated with a previoushgmexplored source
- households. As with.educ and Liu(2019 who focus on the US, | make use
of consumer surveys to construct a measure of householdtaimtg available for

many European countries.

This paper also builds on the literature focusing on theipgibias mechanism
as a transmission channel behind the effects of uncertsirdgks on the economy
(Born and Pfeifer2014 Fernandez-Villaverde et al2015 Bianchi et al, 2018
Fernandez-Villaverde and Guerron-Quinta@82Q Born and Pfeifer2021).1% |

Hn related work,llut et al. (2020 show that firms’ (Knightian) uncertainty about demand can
itself be the source of price rigidities.



provide novel evidence, using vector auto-regressionssa@ wide range of coun-
tries, on the importance of this channel. As widrnandez-Villaverde et §R015);

Fasani and Ros¢R018 andBorn et al.(20200, | explore the role of monetary
policy and also present new evidence using counterfactyallise responses from
vector auto-regressions that monetary policy responsasdertainty shocks can be

a key factor on whether an uncertainty shock is inflationargedlationary.

This paper is also related to the literature explicitly agtdong for multiple
sources or types of uncertainty in macroeconomic modBsn and Pfeife{2014)
consider both policy uncertainty from various sources (uacertainty regarding
both fiscal and monetary policy) and uncertainty about pcodity and find that
while policy uncertainty shocks have relatively largereefs on output, they are
nevertheless quite small. They also find both types of shozhse inflationary
largely due to the pricing bias mechanisBianchi et al.(2018 develop a model
with both supply-side and demand-side uncertainty withtfi@asmission channels
of which three - precautionary savings, pricing bias, anmegstment risk premium
- are quantitatively important. They also find that demaid@-sincertainty shocks
tend to have no effects on inflation due to opposing forces tiee various channels

while supply-side uncertainty shocks tend to be deflatypnar

The rest of the paper is organized as follows. The next sedescribes the data
used to construct the index of household uncertainty andrdeats its basic prop-
erties. Sectior2 reports the empirical evidence regarding the inflation#figces of
household uncertainty using vector auto-regressionfh®Euro area while section
3looks into cross-country differences. Sectibdevelops a simple New Keynesian
model which is used to produce model-based impulse respdassompare with

the empirical evidence. Finally, sectiérconcludes.



1. Measuring household uncertainty

Surveys of households provide a rich source of informatgarding household
beliefs and expectations. Prior literature has shown tinaey-based measures of
household expectations are not mere reflections of curemitons but also con-
tain exogenous variation that could potentially drive hask cycle fluctuation's.
By and large, the focus on this strand of the literature has loeethe level of
household expectations or average views on the relatite gtshe economy, a first

moment of beliefs typically referred to as sentiment or aterice!®

Relatively fewer studies have focused on higher momentsuddimld expecta-
tions particularly on household uncertaiffyFor example, a few studies exploit the
cross-sectional dimension of household surveys to stuglyniisroeconomic impli-
cations of household uncertaintgen-David et al(2018 use the New York Fed’s
Survey of Consumer Expectatiotmsshow that US households’ precautionary be-
havior under uncertainty is reflected in their consumptiovestment and borrow-
ing activities. Similarly,Christelis et al(2020 validate the precautionary savings
channel using a panel survey of Dutch househdBlavazzi and McMaho2012
show that precautionary savings behavior following anease in political uncer-
tainty manifests as an increase in labor supply among GehoaseholdsGuiso
et al. (1996 construct a measure of Italian household income unceytfiom the
1989 wave of the household income and wealth survey of the Baftkly. They

find that high income risk among Italian households lead teduction in expo-

125ee e.gFuhrer 1988 Ludvigson 2004 Barsky and Sim2012 Leduc and Sill2013 Bhandari
et al, 2019 Lagerborg et a).2019 andLiu and Palme2021).

135ee e.g. Malmendier and Nage(2016; D’Acunto et al.(2019; Vellekoop and Wiederholt
(2019; Das et al(2020 andGiglio et al.(2021).

l4see als®Bachmann et a(2021) who study firm subjective uncertainty using a survey of man-
agers in German manufacturing firms and find that uncertéémiys to rise following unusual growth
and may be biased towards past experience.



sures to equity markets. More recentBpibion et al.(20213 show that perceived
macroeconomic uncertainty matters. Using randomizednmftion treatments in
a survey of European households, they find that higher padenacroeconomic

uncertainty leads to reduced spending and propensity &sinv

The measures of household uncertainty used in the aforenedtstudies are
very granular and rich in the cross-section but tend to biediin terms of the time
dimension. One exception in the literature is the measureoértainty inLeduc
and Liu (2016 which exploits data from th®lichigan Consumer Survey In this
paper, | use the European Commission’s harmonized consumaysto construct
country-level measures of household uncertainty with geffit observations across
both time and countries making it very useful for macroecoitoanalysis. The
survey is carried out monthly at the national level coveraligEuropean Union
member states as well as candidate member countries. Aagevef over 40,000
households are surveyed every month across the European.Unhe survey is
harmonized across countries and is typically conductedhénfirst two to three

weeks of each month.

To construct the measure of household uncertainty, | usedimids’ responses

to the same four questions used to construct consumer seitindicest®

1. How do you expect the general economic situation in thisytry to develop
over the next 12 months?

15perhaps another more recent, although model-based, excéprecent work byMichelacci
and Pacielld2020 who extract implied measures of (Knightian) uncertaityotigh biases in UK
household expectations.

16This was the case prior to 2019 when the set of questions asemstruct the index was revised.
In particular the question on expected likelihood to save I@en replaced with the question on
how the household’s financial situation has changed ip#st12 months. The change was largely
motivated by the desire to improve the index’ ability to k@onsumption. Beginning May 2021, the
European Commission’s survey introduced a new measurecefiainty based on responses to new
questions regarding the difficulty to predict financial piosis for households and business situations
for firms. The new European Commission uncertainty indexetates well with the household
uncertainty measure proposed in this paper. A detailed acsgn is made in the Appendix.

10



2. How do you expect the number of people unemployed in thistcyg will
change over the next 12 months?

3. How do you expect the financial position of your householdhiange over
the next 12 months?

4. Over the next 12 months, how likely will you be to save anyney®

Responses are categorized into one of five or six options (itiélenoption Q)

is omitted for the question on the likelihood of saving).

e Much better/more«+)
Somewhat better/more- |
The same()

Somewhat worse/less)(
Much worse/less)
Don’t know (?)

| construct an index capturing household uncertaibty N) by measuring the fre-
guency (fraction) oDon’t Knowresponses. In earlier workgiavazzi and McMa-

hon (2012 made use of a similar measure focusing on German houséhwlds
certainty around the 1998 German general elections.pl_gt denote the fraction

of respondents choosing optiofior questionj at survey daté wherei = 6 corre-
sponds tdon’'t knowresponses. The average of the fraction of responses for the

sixth option across the four questions is the measure fasdtoald uncertainty,

HUN = 23 et (1)
J

NN

The measure is available at a monthly frequency for all EeaopUnion member
countries (and the United Kingdom) as well as several catelicthember countries
and is constructed for the period January 2002 to Decemld&). Z8or most of the
succeeding analyses, | will focus on the Euro area as a winolestandardize the
measure to an index with 100 representing the mean and 1&pepresenting one

standard deviation.

11



A non-negligible fraction of households respond widbn't knowin Europe.
There is also sizable variation over time. On average, latvdto 6 percent of
households are uncertain for a given survey round in the Brea as a whole. At
the national level, average levels of the non-standardireertainty measure are
quite heterogeneous and the fraction of households whoraextain can be larger
and exhibit much larger variations over time. For instatioe range goes from 2 to

over 10 percent of households in Spain, France, and’faly.

To help understand what drives fluctuations in the proposeaisore of house-
hold uncertainty, | evaluate how it correlates with and og&fs to other macroeco-
nomic indicators as well as households’ views in other aréashis end, | construct
a consumer sentiment index by quantifying the first five raspe into numerical
values ranging from -1 to X; j: € {1,0.5,0,—0.5,—-1} and then taking averages

of the mean responses across the four questions.

1 N 1 _
CSl = Zzi;)("j’tp"”ziz it (2)

wherep; j+ = 100« pi7j7t/zi5:1 pi,jt re-scales the sum of probabilities for the first

five options to 100.

| also include a measure for the dispersion of householetseDIS, defined as

the average dispersion of households’ views:

5

Z_Z\(Xi,J,t—ﬁt)zﬁi.,j,t @3)
]

DIS =

ENJ

The distinction between household uncertainty (HUN) asdgiieement (DIS) par-

17See FigureA.1 in the Appendix for time-series plots of household uncetiaimeasures in all
the Euro area countries. See also Figlr2 for a plot of non-standardized household uncertainty
and TableA.3 for an analysis of variation of the household uncertaintasoges.

12



allels the work oBorn et al.(20203 who highlight the distinction between survey-
based measures of belief dispersion (disagreement) aedtaimty (the size of fore-
cast errors) using surveys of professional forecastersy present evidence which
lends support to a world with imperfect information wheraiweaker link between
fundamentals and observables increases dispersion wphermfundamental un-

certainty increases measured forecast effors.

Finally, | also construct indices of households’ views osittlexpected durable
expenditures for the following year, their views on whethés the right time to
make major purchases, and an index of reported changesdiictineent household
financial situations. These measures are calculated irathe way as the consumer

sentiment index.

The survey data is augmented with standard monthly macnoeciz variables.
| take monthly data on (log) industrial production, consuinéation (HICP), the
short interest rate (average overnight rate), and the ulogment rate. The in-
dustrial production and inflation variables are transfanmo year-on-year growth
rates while the unemployment rate is in year-on-year difiees. Finally, | also
include two measures of uncertainty for the Euro area frdferdint sources. The
first is the option-implied volatility of the Eurostoxx 50dax (IVOL). The second

is theBaker et al(2016 measure of economic policy uncertainty for Europe (EPU).

Figure2 reports lead-lag correlations of household uncertainti wiher vari-
ables for the Euro area. A slightly positive contemporasemarrelation with the

consumer sentiment index does not square with the view lieatiicertainty mea-

BConsistent with this view, forecasters pay less attentiameivs following increased dispersion
but more attention following increased uncertainty. Onel@é@lso more broadly interpret a weak-
ening of the link between a set of (known) fundamental dswadrthe economy and the observables
which agents ultimately care about as a type of uncertainty.

13



sure is a proxy for sentiment (a first moment of beliefs). &giin time when a
larger fraction of households are uncertain also tend taebiegs when the average
household is relatively more optimistic.

Figure 2: Correlations with household uncertainty
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The panels report lead-lag cross-correlations of the hbesuncertainty measure HUN (Euro area
average) with several variables. The indices for consumeeatisient (CSl), dispersion of beliefs
(DIS), expected durable expenditures, changes in finasdfiaation, and views on the right time
to make large purchases are derived from the consumer surVhgse variables are Euro area
averages. The unemployment rate, industrial producti@wgin and HICP inflation variables are
likewise Euro area averages. IVOL is the option-impliedatibty of the Eurostoxx 50 index. EPU
is theBaker et al(2016 measure of economic policy uncertainty for Europe, andstiart interest
rate is the daily market rate (EONIA). Dotted lines reflec#®Bonfidence intervals.

The household uncertainty measure also correlates nebyatwth the disper-

sion of household beliefs. Periods in time when househ@dsitend to be more

14



polarized (i.e. a larger fraction of households hold oppgsiews) also tend to be

periods in time when a smaller fraction of households areuam.

It also appears that increases in household uncertaintyotionerely reflect
poor economic conditions. Instead, the data suggests é¢naids of high industrial
production growth and low unemployment are typically fale by high house-
hold uncertainty with near-zero contemporaneous coroglst It is after periods of
heightened household uncertainty that we observe higlemployment and lower
industrial production growth. If anything, the measure otisehold uncertainty

anticipates downturns.

The index also seems to capture households’ uncertaintytabe economy
in general. Two of the four questions used to construct tdexrrefer to general
macroeconomic conditions (the general economic situatiahthe number of un-
employed in the country). When calculated individually fack of the questions,
| find that the sub-components of household uncertainty gtdyhcorrelated with
each other. This is consistent with the findingsBien-David et al(2018 for US
households who show that there is a high degree of correl&tdween house-
holds’ uncertainty about their own personal finances and thecertainty about

macro-level variables.

The index is positively correlated with the measure for fmalhuncertainty but
is surprisingly negatively correlated with the policy urteenty measuré? This
negative correlation with the policy uncertainty index (BRnay be linked to the
similarly negative correlation with the dispersion of hehsld beliefs (DIS). For
instanceBowen et al(2021) show that when news is (selectively) shared with local

networks, silos and echo chambers can emerge leading tozabian especially if

19This also generally holds true at the country level. Seeckhlt andA.5 in the Appendix.

15



the quality of information is quite low. It could be the cakattevents which raise
policy uncertainty - a news-based index - also tend to prganouseholds’ views
leading to a lower fraction of households having uncertgéws about the economy.
This may also indicate that the household uncertainty nmreasaptures a distinct

type or source of aggregate uncertainty relative to polioyeutainty.

Nevertheless, all three measures of uncertainty - houdgpolicy, and finan-
cial - tend to co-move at lower frequencies. As shown in Fediyrthe household
uncertainty measure peaks around events that are assowsifftenacroeconomic
uncertainty. The two other uncertainty measures also t®bé theightened in these

same periods?

A few more correlations suggest that the measure for holehcertainty may
be capturing uncertainty about households’ ability to suptheir desired levels of
consumption. Increases in household uncertainty are ia$sdowvith a growing
negative view on whether it is the right time to make largechases. On the other
hand, higher household uncertainty is also preceded bysgpakitively correlated
with expected increases in durable expenditures althdugpdttern of correlations

indicate a declining trend in this variatlé.

The observed lead-lag correlations suggest that the holgsehcertainty mea-
sure may be more forward- than backward-looking. A consigpattern emerges
when comparing the lead-lag correlations of the househotzeiainty measure
with unemployment, industrial production growth, consursentiment, and per-

ceived changes in household financial situations. Houdelotertainty tends to

20see FigureA.3 in the Appendix. The similarities are even more apparentnwhe data is
filtered through a VAR and the comparison is made on recuysidentified uncertainty shocks as
shown in FigureA.4 of the Appendix.

21This interpretation is also consistent wittristelis et al(2020 who find that perceived Dutch
household consumption risk is correlated with householglepment and income risk.
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rise when these other measures were previously indicgtodtimes. Contempo-
raneous correlations with these variables are near-zetananeases in household

uncertainty tend to be followed by periods when these indrsandicatébadtimes.

Overall, these correlations indicate that fluctuation@ttousehold uncertainty
index are not simply idiosyncratic fluctuations reflectingjterest or apathy of re-
spondents. Nevertheless, the index could be interpretea@sring fluctuations
in household inattention to economic conditions. Howetethe extent that inat-
tention consequently increases household uncertaingnglvat more (less) infor-
mation reduces (increases) uncertainty, this interpogtas compatible with the
view that the index captures household uncertainty. Binglshould be noted that
household uncertainty is positively correlated with bathds and lags of inflation
as well as contemporaneously. Thus, identification of uag#y shocks is crucial

to uncovering its effects on inflation.

2. Inflationary impact of household uncertainty

To flesh out the macroeconomic implications of shocks to ébakl uncertainty
in Europe, | emulate the vector auto-regression (VAR) amalysne byl.educ and
Liu (2016 for the US. The VAR uses data at a monthly frequency and is-com
prised of a measure for uncertainty, unemployment, infla@md interest rates and

is estimated with three lags.

22| ag selection is based on Bayesian and Akaike informatiiterc. The VAR is estimated using
Bayesian methods with Minnesota priors using the ECB’s BEédtox Dieppe et al.2016.
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2.1. Shock identification

Shocks are identified recursively with uncertainty ordered. The reason for
this is that the survey underlying the household uncegtaimtasure is conducted
within the first two weeks of each month. Consequently, it iy yausible that con-
temporaneous (when viewed at the monthly frequency) shitfse other variables
in the VAR are unlikely to affect the household uncertaimtglex. Added to this
timing (dis-) advantage, the average household is als&elglio have sufficient in-
centives or possibly even the ability to monitor these macooomic developments
in real-time. If anything, recent literature has shown timiseholds are more likely
to be inattentive and under-react to new informatiGargoll, 2003 Ameriks et al,
2004 Kohlhas and Walther2021).223 Given all of these, a recursive identification

strategy with the household uncertainty measure ordergdgiadopted.

While simple and plausible, the approach has a notable dickwitsspecifically
assumes that the uncertainty measure is not contemporspedfected by other
shocks in the systedf. The use of monthly data may mitigate this drawback as
recent findings byCarriero et al(2021) note that there may be limited (contempo-
raneous) feedback from other shocks to uncertainty atrigiency. Their findings
are based on an alternative identification strategy whitbnebs the_ewis (2021)
time-varying volatility identification approach and allsvior an uncertainty shock
to not only affect both the mean and variance of the otheats#es but also for un-
certainty to contemporaneously respond to other shocks rAbustness exercise,

| show in the Appendix that household uncertainty shocksararmflationary in a

233ee alsaCoibion et al.(2021; D’Acunto et al.(20213 andD’Acunto et al.(20218 for evi-
dence of consumer inattention specifically relating to tidtaexpectations.

24see e.g. Ludvigson et al.(2021); Angelini et al. (2019; Antolin-Diaz and Rubio-Ramirez
(2018 and Caggiano et al(2021) who employ alternative identification strategies makisg of
correlation constraints on variables (or identified eveaxsernal to the VAR.
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setting which uses th€arriero et al(2021) identification approach. | also obtain
similar results in an alternative recursive identificatsbrategy with the uncertainty

variable ordered lagf

The recursive identification strategy used in this paper aisgy be interpreted
as proxy SVAR with the first variable as the instrument forentainty. Ordering
the uncertainty measure filstternalizesvhat would have been the external instru-
ment in a proxy SVAR (or VAR-1V) with valid impulse responsdigsmates even
under non-invertibility Plagborg-Moller and Wo|f2021) at the potential cost of at-
tenuated impulse responsé&xafriero et al.2015. As recursive identification with
uncertainty ordered first would produce more conservatijauise responses rela-
tive to a proxy SVAR, the former is preferred in this paper. @tiecent alternatives
such as the approach takenbyrni et al.(2027) forgo the need for an observable
measure for uncertainty by constructing one from the VARIitf&® Clearly, this
method is not suited for the aims of this paper which propase®asurable index

of household uncertainty.

2.2. Baseline results

Figure 3 plots impulse responses using Euro area data to a one Stashelaa-
tion positive uncertainty shock. Each row uses a differeeasnre of uncertainty.
The first row plots the response of several macroeconomiabias (described in
the column headers) to a household uncertainty shock. Tdwndeand third rows
plot responses to financial (IVOL) and policy (EPU) uncertyaishocks respec-

tively.

25See Figure#\.10 andA.8 in the Appendix.
26The method uses VAR-based squared forecast errors as amiestt for uncertainty in a proxy
SVAR. See alsdurado et al(2015.
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Figure 3: Impulse responses to various uncertainty shocks
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The panels report median impulse responses to one staneardtibn shocks to various measures
of uncertainty over a 48-month horizon. Each column repmsponses for a given variable. The
source, or measure, of uncertainty is given by the row labelgN is the measure of household
uncertainty for the Euro area. IVOL is the option-impliedatdity of the Eurostoxx 50 index . EPU
is the Baker et al.(2016 measure of economic policy uncertainty for Europe. Thelstzaareas
reflect 68% and 90% confidence sets.

Household uncertainty shocks in the Euro area lead to higfiation. This is
in stark contrast to results based on US datasiduc and Liu(2019. Further, | find
that increases in household uncertainty has a delayed effememployment, rais-
ing unemployment only after about 20 months. On the othed hawsitive financial
uncertainty shocks do look like negative demand shocks esrdise unemploy-
ment and lower inflation while the effects of policy unceantgishocks on inflation
appear ambiguous. These results also hold when we focusumtrgespecific data

for the five largest economies within the Euro aféa.

2’see FigureA.5 in the Appendix. There are quantitative differences in tséneated impulse
responses. These differences are explored further in gubstanalyses.
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These uncertainty shocks are a non-negligible source ofoaacnomic fluctu-
ations. Figured plots forecast error variance decompositions for the VAR wi
household, financial, and economic policy uncertainty messsrespectively in
each row. These forecast error variance decompositiomedfdseline VARSs reveal
that household or financial uncertainty shocks accountdous20% of the forecast
error variation in inflation at about a 4 year horizon whildi@ouncertainty shocks
account for a substantially smaller fraction. While houseéhmcertainty shocks
account for about 10% of the variation in unemployment, far@rand economic
policy uncertainty account for much larger fractions at @30% of forecast error

variation in unemployment.

Itis also quite notable that while financial uncertainty cfgaccount for a large
fraction of variation in the interest rate, which also hdids: lesser degree for pol-
icy uncertainty, household uncertainty shocks in compardo not. Figuré shows
that while inflation is relatively the most affected varialfamong the other three
included in the VAR) for household uncertainty shocks, theriest rate variable ap-
pears to be most affected by financial and policy uncertahbgcks. These patterns
are suggestive of a relatively strong endogenous inteetstresponse, possibly
monetary policy, to financial and policy uncertainty shoaksch does not hold for
household uncertainty shocks. Sectibf investigates the role of monetary policy

response in greater detail.

2.3. The role of monetary policy

Why would household uncertainty shocks be inflationary irtheo area whereas
financial and policy uncertainty shocks are not? It is umjikkat the difference is
due to the household uncertainty measure being less ab#gptare factors which

trigger deflationary precautionary savings behavior asdirectly based on house-
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Figure 4: Uncertainty shocks forecast error variance d@omition
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The panels report forecast error variance decompositioms fVARs with a measure for uncertainty,
unemployment, inflation, and the short rate highlighting sinare of uncertainty shocks on the ver-
tical axes across forecast horizons of up to 48 months on thzdntal axes. Each row reports
results from a VAR which uses a different uncertainty meailantified in the vertical axis labels.
The top row reports the VAR with HUN as the measure of houdehwlertainty for the Euro area,
the middle row reports results from the VAR with IVOL whicthis option-implied volatility of the
Eurostoxx 50 index, and the bottom row reports results fioenMAR with EPU which is thBaker

et al. (2016 measure of economic policy uncertainty for Europe. Eadbroa reports the forecast
error variance decomposition for a given variable indiadtey the column labels.

hold surveys and is thus relatively closer to household sigan financial or policy

uncertainty measures. The analysig—grnandez-Villaverde et a2015 gives us

some guidance pointing towards the conduct of monetargyadlihey show that the

inflationary uncertainty shocks arising fronpacing biasmechanism can be recon-

ciled with deflation if monetary policy is characterized lmganenting an otherwise

standard Taylor-type rule with a term that responds to uaey?® This line of

reasoning is also supported by the resultSsasani and Ros$2018 who show that

280n the other hand, if monetary policy is also relatively msitive to domestic inflation such
as for small member countries in a currency uniBoyn et al.(20208 show that the effects of
uncertainty shocks tend to be dampened as it mitigatesgriias behavior.
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the model-implied responses of inflation to uncertaintycklsan the model devel-
oped inLeduc and Liu2016 to explain the empirical evidence using US data can
be sensitive to variations in the monetary policy rtfleFurther,Caggiano et al.
(2017 show, using non-linear vector auto-regressions, thatiainty shocks are

more contractionary when a zero lower bound constraintdibg.

Thus, a plausible explanation may be that monetary policshenEuro area
responds to financial and policy uncertainty shocks butasbbusehold uncertainty
shocks. In practice, this need not be an explicit comporeetitd monetary policy
rule or process. It is more likely that measures of finanama policy uncertainty
feed into the inputs used to formulate the monetary poliapst and hence leads to
a monetary policy rule which implicitly responds to finar@ad policy uncertainty

shocks.

To verify whether this may indeed be the case, | follBachmann and Sims
(2012 andKilian and Lewis(2011) and produce counterfactual impulse responses
by zeroing out the direct response of monetary policy to taggy shocks to eval-
uate the role of monetary policy resporfSeTablel reports the cumulated median
response of inflation in these exercises. | find that houslalnotertainty shocks re-
main inflationary in the counterfactual exercise althowggslso. On the other hand,
for financial and policy uncertainty shocks, | find a shift &ods more inflation

(or less deflation). The shift is substantial for policy unamty shocks which are

29The link between inflation and the monetary policy responsetertainty is further supported
by evidence irMumtaz and Theodoridi®2015 who find that US uncertainty shocks may be infla-
tionary for the UK economy which has an independent mongtaligy. See alsé\nnicchiarico and
Rossi(2015.

30The exercise is still subject to thaicas critiqueas it tenuously assumes that the change em-
bodied in the counterfactual is sufficiently small so as woinduce a change in the behavior of
economic agents. See alSims and Zhg2006 and Bernanke et al(1998. FiguresA.11 and
A.12 in the Appendix plots the impulse responses. The text introd) these plots provide more
information regarding the exercise.
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now inflationary in the counterfactual exercise. Theseltestrongly indicate that
the monetary response to uncertainty shocks (e.g. forypalhcertainty) or lack
thereof (for household uncertainty) play an important moleéhe resulting response

of inflation to these shocks.

Table 1: Inflation responses and counterfactual monetdigypo

Inflation cumulated IRF (48 months)

Uncertainty measure Baseline Counterfactual
HUN 2.02 1.66
EPU -0.79 0.68
IVOL -2.66 -1.33

The table reports the cumulated median impulse responseslation to uncertainty shocks over a four year
period from vector auto-regressions using Euro area datdJNHs the measure of household uncertainty for
the Euro area. IVOL is the option-implied volatility of theif&stoxx 50 index . EPU is thigaker et al.(2016
measure of economic policy uncertainty for Europe. TheroalBaseline reports results from the baseline
specification while the column Counterfactual reports hssfrom the counterfactual exercise zeroing out the
response of monetary policy in the baseline specification.

2.4. Robustness exercises

The effects of household uncertainty on unemployment afidtion are not
driven by changes in consumer sentiment, a first moment oéatapons. The
results are robust to the inclusion of consumer sentimenhenVAR. Figure5
plots impulse responses in a VAR much like in the benchmastyais but with
the following variables: CSI, HUN, Unemployment, Inflati@and the Interest rate.
Shocks are identified recursively and variables are ordasaddicated in the pre-
vious sentence. Here we find that consumer sentiment shaclstdike positive
aggregate demand shocks in that it leads to lower unempiolyame higher infla-
tion and interest rates. Further, the main result of the pep&ill obtained in that
household uncertainty shocks (ordered second in the VARYesditure a delayed

response in unemployment and is still inflationary.
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Figure 5: Impulse responses in a VAR with consumer sentiment

Sentiment Uncertainty Unemployment Inflation Interest rate
25 1 0.1 0.2 0.25

Sentiment

Uncertainty

20 40 ) 20 0 20 40 20 w0 20 40

The panels report median impulse responses to one standsiatithn shocks to household sentiment
and uncertainty. Each column reports responses for a giegiable and the source of the shock is
given by the left-most row labels. The shaded areas reflétt&8d 90% confidence sets.

The inflationary effects of household uncertainty shocksaie even if we ac-
count for uncertainty arising from multiple sources. Fmgérplots impulse re-
sponses in a VAR much like in the benchmark analysis but Witk measures
for uncertainty along with the other variables: IVOL, EPUJN, Unemployment,
Inflation, and Interest rate. Shocks are identified recahgiand variables are or-
dered as indicated in the previous sentence. Here we findutit&trtainty shocks
from the financial measure, ordered first, still leads to aiglmemployment and
lower inflation. More importantly, the main result of the pajs still obtained in
that household uncertainty shocks (ordered third in the \BtiR)feature a delayed
increase in unemployment and is still inflationary. Inté@regy, policy uncertainty

shocks, ordered second, now also induce higher unempldyamerinflation.
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Figure 6: Impulse responses in a VAR with multiple uncetiameasures

IVOL EPU HUN 2Unemployment 0.05 Inflation o Interest rate

The panels report median impulse responses to one standaifdtibn shocks to uncertainty from
various sources. Each column reports responses for a gigeiahle. The source, or measure, of
uncertainty is given by the row labels. HUN is the measureocafskhold uncertainty for the Euro
area. IVOL is the option-implied volatility of the Eurosto%0 index. EPU is th&aker et al.
(2016 measure of economic policy uncertainty for Europe. Thelstareas reflect 68% and 90%
confidence sets.

These findings are also robust to other potential concemshe Appendix, |
show that the results remain when | replace the interestveatable with thewWu
and Xia (2019 shadow short rate which helps account for periods whennnco
ventional monetary policy were implemented in the Euro arElae same results
also hold even when | augment the VAR specification with lirteends and sea-
sonal dummies (month-specific constant terms) or when thertainty variable is

ordered last in the shock identification strategy.

Finally, | obtain similar results under alternative measuof household uncer-
tainty for the Euro area. | still find that household uncerashocks are inflationary

when the uncertainty index is constructed only from respsng the two questions
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in the survey concerning household expectations on thergkeaeonomic situa-
tion and unemployment. The same results are obtained wieeButo area uncer-
tainty index is constructed by employing a common factoraggh to identifying
Euro area household uncertainty. Lastly, household uaicgytshocks differ from
shocks to the dispersion of household beliefs. In a VAR widbdehold dispersion
of beliefs instead of household uncertainty, | find that lehwdd dispersion shocks
tend to be mildly deflationary. Impulse responses documgrihiese findings are

reported in the Appendix

3. Cross-country heterogeneity

These results mask significant heterogeneity across Eamopauntries. | re-
peat the VAR exercise for each of the 17 individual Euro amatries (excluding
Ireland and Malta) as well as for 8 non-Euro area countriegy@ia, Czechia, Den-
mark, Hungary, Poland, Romania, Sweden, and the United i§imyd&® Figure7
plots cumulated median impulse responses, over a 48 monitohp of inflation
to household uncertainty shocks (vertical axis) as boxspatoss several country

groupings (horizontal axis).

As shown in the leftmost group of cumulated impulse respemsd-igure?7
encompassing the full sample of countries, the responsaflation to household
uncertainty shocks over a 4 year horizon vary substantiadiy as low as nearly 6
percent deflation in Lithuania to as much as over 12 percdiation in Bulgaria.

The next three country groupings, which splits the cousti#o core (Austria,

31See Figured\.5 to A.9 in the Appendix.

32Some European countries were omitted due to data constraihe VAR includes linear time
trends and month-specific intercepts to help control fontgudifferences and secular trends. Nev-
ertheless the household uncertainty indices for Cypruthulhia, and Slovakia may have some
structural breaks that have been left unaddressed.
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Figure 7: Cumulated impulse responses to household untdgrksy country groups
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The dots represent cumulated median impulse responsefiatfon, over a 48-month horizon, from one stan-
dard deviation shocks to household uncertainty for 25 Eeaspcountries and the Euro area. The impulse
responses are taken from a recursively-identified VAR agtidnwith three lags and includes linear time trends
and month-specific constant terms. The red lines denote ¢lokamfor each group and the blue squares cover
the inter-quartile range. The leftmost categdkly reports all observations. The next three categories spitiés
countries into core (Austria, Belgium, Germany, Franced éime Netherlands), periphery, and non Euro area
countries. The dots for these categories have been labeteccauntry codes which are the official European
Union designations. The mapping between country codes amatiy names are given in Tabkel The last
three categories in the rightmost part of the plot splits Bugo area countries geographically into North, South,
and East (or new member) countries.

Belgium, Germany, France, and the Netherlands), periplang,non-Euro area
countries, indicate that the average response of inflabes dot differ much across
these country groupings. Finally, in the last three cougtoupings at the rightmost
section of Figure7, which splits Euro area countries geographically into Nort

South, and East (or new member countries), it seems thawvérage response of

28



inflation tends to be marginal higher in the Southern Europeauntries relative to

the Northern European countries.

What can account for these differences? Here, the analy8isrimand Pfeifer
(2019 provide some directions on where to look. In their analydishe trans-
mission mechanism of uncertainty shocks, several factbesw@ate or amplify the
response of inflation to uncertainty shocks. First, asemandez-Villaverde et al.
(2015 andFasani and RosgR018, the conduct of monetary policy plays a role.
While a plausible explanation to account for differencesvieen US and European
results or across different measures of uncertainty, dimee is a common mon-
etary policy for several countries in our sample, this iskaty to be the leading
explanation for differences across all European count8esondBorn and Pfeifer
(2014 also show that a higher degree of nominal rigidities tenéhtwease the
response of inflation to uncertainty shocks. Finally, thesetity of substitution
between intermediate goods, crucial to the determinatfamarkups in the New

Keynesian framework, is another factor.

The theoretical link between markups and the response attimril to uncer-
tainty shocks is borne out in the data. | use estimated agemaaykups for 13
countries in the sample and the Euro area fidenLoecker and Eeckhoi2020
and find a positive correlation between average markupsrdiationary responses

to household uncertainy.

The positive relationship between markups and inflatiorrerysehold uncer-
tainty shocks is statistically significant. In Tal®el report results from regres-

sions of the cumulated median response of inflation to haldeimcertainty shocks

33The sample of countries is based on data availability. Maslare averages for the period 2002
to 2016 and taken frorde Loecker and Eeckho(2020.
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against markup estimates. | include specifications whikctvebr differences in co-
efficients for non-Euro area member countries, cosea-visperiphery countries,
as well as North and South. The regression results in coldm2sind 4 of Tabl@
affirm the statistical significance of the relationship. S&eesults also indicate no
significant differences in the average response of inflatddrousehold uncertainty
shocks across country groups once average markups havebtsmmted for. Fi-
nally, the results in columns 3 and 5 indicate no significaff¢iences in the slope
of the relationship between markups and inflationary hooisketncertainty shocks
although interpretation of the results from these regoessare hampered by a de-
grees of freedom problem given the number of estimated coeits relative to the

small sample size.
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Table 2: Regression of cumulated impulse responses ofiorflad household uncertainty shocks
on country variables

Dep.var.: Cum. Inflation IRF D 2) 3) (4) (5)

Markup 1.8610 1.8610 1.1735 1.6324  2.6845
(1.0279) (1.1496) (4.5675) (1.1001) (3.8604)

Markup*Non-EA -2.9296 -4.4406
(5.4128) (4.7369)
Markup*Periphery 1.4767
(4.7509)
Markup*South -0.4319
(4.0668)
Non-EA -0.0031 4.5862 0.1983 6.7736

(0.8565) (7.6632) (0.7878) (6.6808)
Periphery 0.3430 -1.7109
(0.7260) (6.5071)
South 0.8533  1.3432
(0.7090) (5.5245)
Constant -2.3111  -2.4421 -1.5099 -2.2946 -3.6973
(1.4887) (1.6405) (6.2151) (1.5306) (5.1655)

R-squared 0.2296  0.2528  0.4148 0.3404 0.4773
Obs. 13 13 13 13 13

The dependent variable is the cumulated median impulseonsgp(over a 48-month horizon) of inflation to household
uncertainty shocks. Average markups are for the years 2005 and taken fronDe Loecker and Eeckho(@020. The
omitted country group category in columns 2 and 4 is the cooeig of countries. The omitted country group category in
columns 3 and5 is the Northern European group of countries.

The correlation between inflationary household uncergahbcks and average
markups is not a substitute for other country charactesstuch as labor market
conditions, institutional quality, or other aspects of mmmic structure. In regres-

sions where | also control for labor market features suclvasage unemployment
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rates, labor force participation rates, and the share aferable to total employ-
ment, the positive relationship between markups and anditimrfiary household
uncertainty shocks remain statistically significant. Thene can be said when |
control for differences in institutional quality acrossuotries or differences in gen-
eral economic structure such as differences in the easeing thasiness, the ratio
of stock market capitalization to GDP, the share of extemaae to GDP, the share
of services to GDP, and real GDP per capitalhese characteristics cover a broad
range of economic factors and includes measures similartabes documented in
Mumtaz et al(2018 as important for heterogeneity in state-level impulspoeses

to uncertainty shocks in the US.

These results indicate that a mechanism which relates tageenarkups play
an important role in the transmission of household unaagtao the macroecon-
omy for European countries - @ricing bias mechanism. In the next section, |
develop a simple New Keynesian model to verify whether thgmitade of vari-
ation in average markups across European countries cablfegsenerate similar
magnitudes of variation in the cumulative response of ilifetto macro-uncertainty

shocks produced by the vector auto-regressions.

4. Model-implied inflation responses to uncertainty

In this section, | make use of a simple New Keynesian moddébiedéed to the
Euro area to (i) verify whether the magnitude of correlatibetween markups and
inflationary uncertainty shocks uncovered in the previcisn is sensible, (ii)

explore whether differences in the degree of price riggditmay be pertinent to

34Country characteristics are obtained from the World Bankrltv®evelopment Indicators
database and are averages over the period 2002-2018. Begressults are reported in Tables
A.10to A.12in the Appendix.
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the observed cross-country heterogeneity, and (iii) yenhether differences in
monetary policy response can simultaneously account ftationary household
uncertainty shocks and deflationary financial uncertaihtycks within the same

economy. In what follows, | briefly describe the key pointsred model.

4.1. A basic New Keynesian model

HouseholdsRisk-averse households maximize the discounted valueliy ditom
consuming a stream of differentiated goods. These are paidith wage income
derived from the supply of labor and transfers of firm profakein as exogenous
by households. Households can also save in a one-periofteskasset. The util-
ity that households derive from consumption and labor irhgzariod in time are
hit with preference shocks. The volatility of these prefeeshocks are also time-
varying and hit with what I will refer to as demand-side urnagrty shocks follow-
ing Basu and Bundick2017 andBianchi et al.(2018. Households take prices as
given and choose how much of each good indexefltbyconsume, how much labor

to supply, and how much to save. In particular they solve ¢thiewing program:

max K¢ Z}BSE&U (Ciis,Ltrs) (4)
subject to:
—0C )10 L1tk
vy = G b ©
1 o Jwr
G - [/O ctmndj] ©)
1
Bs = WLi+REB+&— [ R()G()d) )

where the preference shock is givenitpy= t_)/(1+ bt) andlog(b;) = pplog(bt_1) +

Obht&pht- Finally, the volatility of the preference shock is also@utgressive and
given bylog(dyt) = (1 — pyp)!0g(0b) + Publ0g(Obi—1) + Evbt. Optimality yields
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the following,

1N
al) = a2 ®
L = x:“‘%‘ ©)
X = BtbtlﬁEt {XtHRtHP%J (10)

whereX, = (C; — 6C9) ~ OB(Br/B-1)Ex[(Cia — 6C )] andR = | )3 R(1)* "]

Firms. Monopolistic-competitive firms produce differentiatedbgs using labor as
the sole factor of production and set prices subjed®dbembergrice adjustment
costs>® Firms maximize the discounted sum of expected profits usigéholds’

stochastic discount factass = (Xi+sR)/(X%R+s):

max  E iBSqt+s¢t+s<j> (11)
subject to:
: 2
Pusli) = ROIG()-WL(D) - 5RG | rs -] @2
1N
cli) = q{%} (13)
i) < (i) =AL() (14)

A common technology process governs the transformatioratwdrl into dif-
ferentiated goods. Technology follows an auto-regregsiveess|og(Ay) = (1—

Pa)l0g(A) + palog(Ai—1) + Oat.Eat. More importantly, innovations to technology

are hit with volatility shocks which themselves are autgressivelog(oat) = (1—

35The assumption dRotembergdjustment costs relative tadGalvomechanism may not be com-
pletely innocuous a®h (2020 finds thatRotembergadjustment costs tend to lead to more defla-
tionary uncertainty shocks relative @alvotype nominal rigidities. This suggests that uncertainty
shocks may be even more inflationary in a similarly-caliédanodel withCalvorigidities.
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pv)log(oa) + pvlog(oat—1) + £avt- These volatility shocks correspond to supply-

side uncertainty in the model.

Aggregation and monetary polichggregating a symmetric equilibrium yields the

following equations,

G = AL-San-r] (15
W = Ayt ) (16)
(1-MAe)C = SOT(TE— 1) = 55 BB | 3 O a(rhaa = 1) (07)
1 = Ag+Act (18)

wherert =R /RB_1, W = Vﬁ“, andAyt andA¢¢ are the multipliers on production and

demand respectively in the firms’ problem.

Finally, a monetary authority determines the rate of irdeon the one-period
asset which is in zero net supply. It does so according to &iFaype rule of the

following form,

& _ |:Rt—l:| pr [E} an(1-pr) {Yt :| ay(1—pr) |:O-A,t.,:| av(1—-pr) |:O'b.,t:| ayp(1—pr)
R*

R* T Y* Oa

whereR" is the natural raterr* is the inflation target, and* is steady state output.
The last two terms allow for monetary policy to respond toartainty shocks if the

parametersr, anda,y are non-zero. Equatiot9 along with equation$, 10, and

equationsl5to 18 determine equilibrium in the model.

Calibration. A key parameter in the model, given the envisioned exercisahe
elasticity of substitution across goods denoted withilThe parameter is calibrated
to match average markups frdde Loecker and Eeckho(2020 by matching them

to the (deterministic) steady state markup givenhyn — 1). The baseline cali-
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bration is set to match the Euro area average matRkughen simulate versions of
the model where | change the value of this parameter to matriage markups for

each of the 13 European countries with markup estimates.

Another parameter of interest is the degree of price stedsd. The baseline
value for the price stickiness parameter is calibrated fwr@pmately match an
average price duration of just over 3 quarters in a Calvo wiice setting?’ In
a second exercise, | simulate the response of inflation tertainty shocks when |
vary the degree of price stickiness from no stickiness (caearage price duration

of one period) to a large value equivalent to an average prication of four years.

A third set of parameters of interest are the coefficients meertainty in the
monetary policy rulea, and a,,. These are set to zero in the baseline calibra-
tion. In a third set of simulation exercises, | let monetanliqy respond to supply
uncertainty shocks (increase the valueagf) and ascertain what values would be
necessary to get approximately a zero cumulated inflatigporese over a four year
horizon and approximately the same deflationary responfieaxcial uncertainty

shocks in the VAR exercises in sectign

The other parameters of the model take values that are sthimdéhe litera-
ture. TableA.13 in the Appendix provides a full description of all the pardens
and how they are calibrated. Once calibrated, the modelvgdasing third or-
der perturbation method#dreasen et 812018 and | simulate how the economy

reacts to a one standard deviation uncertainty shock. Tili@nz of the volatility

36The Euro area average is the weighted (by real GDP) averadeipsof the 10 Euro area coun-
tries in theDe Loecker and Eeckho(@020 sample. These 10 countries account for approximately
95% of Euro area GDP.

37This is achieved by equating the slopes of the resultingdliized) Phillips Curves from both
settings. If the Calvo parameter is given bythen the approximately equivalent Rotemberg param-
eterd is given byd = [(n — 1)v]/[(1—v)(1— Bv)].
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processes for both demand- and supply-side uncertaingadibeated so that simu-
lated results using the Euro area average markup also nfegciumulative impulse
response of inflation to household uncertainty shocks oveyear period from the
vector auto-regression for the Euro area in seciiowhen calculating impulse re-
sponses from the model, | folloasu and Bundick2017) and essentially calculate

generalized impulse responses initialized at the stoichstsiady staté®

4.2. Simulated markups and inflation

The first exercise looks at the response of inflation to uagdst shocks over a
range of average markups. Fig@elots cumulated inflation impulse responses to
supply-side (connected black diamonds) and demand-siamécted blue squares)
uncertainty shocks over a four year period on the verticed with the respective
calibrated average markups in the horizontal axis. For @ispn, | also plot the
cumulated inflation responses across Euro area countreeghair corresponding
average markups from the vector auto-regressions in segti@hese are denoted

with black dots and are also labeled with country codes.

Figure8 shows that variations in the elasticity of substitutiond aonsequently
average markups, are sufficient to generate a wide rangdlatiomary responses
to supply-side uncertainty. While it is clear that varias@iong this one dimension
would not be enough to completely explain the variation endhta, the results show

that calibrating to the range of markups from a high valuéy Ita a low one for

38This is done by simulating lurn in period of 500 quarters to allow the economy to drift to its
stochastic steady state before introducing the shock efdst. As such, these impulse responses
reflect theaverageeffects of the shock of interest as represented by the linéih values at the
stochastic steady state. S&éedreasen et al2021) for a novel solution method which allows for
uncovering the state-dependent effects of uncertaintgkshd-urther, impulse responses, except for
the endogenous volatility variables, are in percent dmnatfrom a simulation with no shocks. See
FiguresA.13to A.16 in the Appendix for plots of impulse responses to all modekss.

37



Figure 8: Inflation IRFs and markups: Model vs Data
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The connected diamonds in black represent simulated cuetlimpulse responses of inflation to a
supply-side uncertainty shock from different calibraia@f markups in the New Keynesian model.
The connected squares in blue represent simulated cundulatpulse responses of inflation to
demand-side uncertainty shocks from different calibragiof markups in the New Keynesian model.
Each dot represents the median cumulated impulse respdriglation to household uncertainty
shocks and average markups by country from a vector autesspn. The vertical axes indicate
the cumulated median impulse response, over a 48-montkdmgrof inflation to shocks to house-
hold uncertainty for the vector auto-regressions or to daedieor supply-side uncertainty shocks
for the New Keynesian model. The VAR impulse responses lea feom recursively-identified
HUN shocks in a VAR estimated with three lags and includestitime trends and month-specific
constant terms. Markups are averages over the period 2Q0%-2nd taken fronDe Loecker and
Eeckhou(2020. Each observation has been labeled with country codeshvdriz official European
Union designations. The mapping between country codes@nttiy names are given in Tablel

Finland can generate responses much like the highly inflatioresponse in Italy

or the deflationary response in Finland obtained from théoveuto-regressions.

On the other hand, it is also notable that variations in maskdio not signif-
icantly change the response of inflation to demand-sidertaingy shocks in the
model. An examination of the responses of the other varsablencertainty shocks

indicate that precautionary savings behavior may be se&iongder demand-side
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uncertainty shock®’ Relative to supply-side uncertainty shocks, household& wor
harder for lower real wages under demand-side uncertaimigks. Perhaps, one
lesson from this exercise is that the household measurecatainty (HUN) may

be thought of as a proxy for a type of macro-uncertainty thatiéser to the way
supply-side uncertainty is introduced in the model. Thatisen households re-
spond withDon’t knowwhen asked about the general state of the economy or the
number of unemployed, they are possibly expressing theegmainty about the pro-
ductive capacity of the economy rather than uncertaintyath@ir (or their peers’)

relative desires to consumi@.

In earlier work, Bianchi et al.(2018 develop a model with both supply and
demand-side uncertainty shocks as is done in this papery fii that the pre-
cautionary savings and nominal pricing bias mechanisme bayposite effects on
inflation and tend to cancel each other out when it comes tcaddrside uncer-
tainty. On the other hand, they find that the nominal priciragsmechanism is not
quantitatively important for supply-side uncertainty dhdrefore tends to be defla-
tionary. Their results could potentially be replicated bg tmodel in this paper if
the calibration were to be tweaked to have low levels of prigelities and a low
volatility for the demand-side uncertainty shock as wilbb@wn in the next section.
Instead, under the baseline calibration that | use whereéleee of price rigidity
is set to match an average price duration of just over 3 gusairtea Calvo setting
and the volatility of uncertainty shocks are set to matchctinraulated impulse re-
sponses of inflation in the vector auto-regressions, | fiatlloth demand-side and

supply-side uncertainty shocks are inflationary in my model

39See Figure#\.15 andA.16 in the Appendix.
40see the Appendix for a more detailed example.
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4.3. Importance of price rigidities

In the next exercise, | examine the sensitivity of the respoof inflation to
uncertainty shocks with respect to the degree of priceitig&l Price rigidities have
been identified as important to understanding the effectsmoértainty particularly
in generating declines in economic activity as observedhéndata’! To verify
whether differences in the degree of price rigidities agr@suntries can generate
large differences in the response of inflation to uncenyasiocks, | simulate the
model under various calibrations of the price rigidity paederd, from implying

no rigidities up to an implied price duration of 16 quartersiCalvo setting.

Figure9 plots the resulting cumulated response of inflation to uag#ty shocks
on the vertical axis for these calibrations with the impl@ice duration in the
horizontal axis. The black diamonds refer to the cumulat#idtion responses to
supply-side uncertainty shocks while the blue square®spand to the cumulated
inflation responses to demand-side uncertainty shocks. polre of intersection
identifies the baseline calibration where the shock vaeamave been calibrated to

precisely generate the same value as in the vector autessgns.

First, the figure indicates that indeed the response of iofiab uncertainty
shocks also depend on the degree of price rigidities. Thmoree of inflation to
both demand-side and supply-side uncertainty shocks avergiéy hump-shaped
over price rigidities but have very different points of iii®ns. For example, given
the calibration of the other parameters in the model, fordegrees of price rigidi-
ties we have deflationary supply-side uncertainty shockisiffationary demand-

side uncertainty shocks as Bianchi et al.(2018.4> However as the degree of

41See e.g.Basu and Bundick2017), Bianchi et al.(2018, Fernandez-Villaverde and Guerron-
Quintana(2020 andBorn and Pfeife(2021).
“2More accuratelyBianchi et al (2018 find that demand-side uncertainty shocks tend to have no
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Figure 9: Inflation IRFs and price rigidity
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The connected diamonds in black represent simulated cuetlimpulse responses of inflation to a
supply-side uncertainty shock from different calibratiaf the degree of price rigidities in the New
Keynesian model. The connected squares in blue represeualaded cumulated impulse responses
of inflation to a demand-side uncertainty shock from the szatibrations. The vertical axes indicate
the cumulated impulse response, over a 4-year horizonflation. The horizontal axis reports the
implied duration of prices in a Calvo setting that would best&imilar to the price adjustment cost
parameter in the Rotemberg price adjustment cost setting irsthe model.

price rigidity increases, we get a reversal and now supiolg-sncertainty shocks
are more inflationary than demand side uncertainty shockste that the exact
point of intersection is an artifact of the calibration anteshould only interpret

the qualitative or relative differences depicted in therfggu

These results confirm that differences in price rigiditie®as countries can also

across

be a candidate factor for why inflation differs in its resp®its uncertainty shocks

European. Moreover, assuming that the householsuneeaf uncertainty

(HUN) proxies for supply-side uncertainty as indicatededle case in the previous

effect on inflation while supply-side uncertainty shocks deflationary.
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simulation exercise, one can get a range of responses frgityhdeflationary to
highly inflationary by varying the degree of price rigidgieEmpirically verifying
whether there is indeed such a relationship between infiatjouncertainty shocks
and price rigidities would require estimates of the degfe®ioe rigidities for these

countries and is an area left for further exploration in fattesearch®

4.4. The role of monetary policy revisited

In a final exercise, | explore to what extent and by how mucheteny policy
has to directly respond to uncertainty shocks in order tagaié or even overturn
the inflationary effect of uncertainty shocks. FollowiBgsu and Bundick2017),
| treat the demand-side uncertainty shock as the model @euit/for financial un-
certainty shocks derived from IVOL in the empirical sectmfrithe paper. Conse-
guently, in an attempt to replicate the evidence of deflatipifinancial uncertainty
shocks from the vector auto-regressions, | consider a@tmemonetary policy rules
which respond to demand-side uncertainty shocks by incrg#ése value of the pa-
rametera,y, from zero in the baseline specification. TaBleeports the simulation

results?

43Dated estimates from Table 3 bhyne et al.(2006 indicate that the Euro area average price
duration is about one year (weighted median which is lessitemnto outliers is about 10 months).
Further, they report a frequency of price changes varyingnfabout an average of 10 percent of
products per month for Italy to about 20 percent for Finland Rortugal. See alddakamura and
Steinssor{2013.

44The variance of the uncertainty shocks in the model have taérated to match the cumulated
inflationary impulse response of inflation to household utadety shocks (1.37% over a four year
horizon) from a VAR which augments the baseline specificatvith linear time trends and month-
specific constant terms - the specification used in se@ttormake cross-country impulse responses
relatively more comparable.
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Table 3: Inflation responses and monetary policy

Monetary policy response Inflation cumulated IRF (16 quarters)

ay Oy Supply-side Demand-side
0.00 0.00 1.37 1.37
0.00 0.00020 1.37 0.01
0.00 0.00036 1.37 -1.10

The table reports cumulated impulse responses of infladamtertainty shocks over a four year period from
the model. Each row reports results from a particular paréeneonfiguration of the monetary policy rule. The
first two columns report the values of the parameters gowertiie monetary policy response to supply-silg (
and demand-side uncertainty shocligy). The second pair of columns report cumulated model-irdpti#lation
responses to supply-side and demand-side uncertaintkshoc

As in Fernandez-Villaverde et 820195 whose parameter governing the mone-
tary policy response to uncertainty was set to 0.005, thessary values to generate
deflationary uncertainty shocks for the equivalent paramiatthis model is quite
small. As reported in Tablg, a parameter value of 0.0002 is sufficient to produce a
near-zero inflationary response to (demand-side) unaogytsinocks while a slightly
larger value of 0.0004 is needed to generate a deflationappnse to uncertainty
shock much like the 1.1% deflation obtained in a vector aegwassion with IVOL
for the Euro area. Most importantly, this exercise shows ihan economy is
faced with uncertainty shocks from multiple sources andetemy policy responds
to only some of them as is the case in the bottom rows of Tabilleen one could
simultaneously get deflationary and inflationary uncetyaghocks depending on

where they originate from.

43



5. Conclusion

In this paper, | construct a measure of household unceytainich is available
at a monthly frequency for many European countries and the &wea as a whole.
| show that while measures of household, financial, and ypoiircertainty all tend
to increase around the same general periods, the macroatoafiects of house-
hold uncertainty shocks in Europe differ from the effectslobcks to uncertainty
arising from financial markets and policy. For the Euro aned @any European
countries, shocks to household uncertainty do not act ldgative demand shocks
which lower both economic activity and inflation. Insteadubkehold uncertainty
shocks are inflationary in Europe and have a delayed impamemployment. One
explanation may be a relatively stropgicing biastransmission mechanism cou-
pled with monetary policy in the Euro area which does not dy areakly responds
to household uncertainty shocks. A comparison of respoas®ss countries also

indicate a link between average markups and inflationarguainty shocks.

Simulation exercises from a basic New Keynesian model geosome support
for these conjectures. Varying the elasticity of subgbttutacross differentiated
goods to match average markups across countries can geaesahilar range of
deflationary and inflationary responses to supply-side misicdy shocks as in the
vector auto-regressions. Further, sensitivity analysik vespect to the degree of
price rigidities also indicate that country variation imsthespect could feasibly gen-
erate the same type of variation. An empirical validationth& potential link be-
tween the degree of price rigidities and inflationary resesrto uncertainty shocks
is left for future research. Nevertheless, the model issqgiihple with respect to the
formulation of financial and labor markets. Frictions indalnarkets in particular

have also been identified as key to the transmission of waingrtshocks. Results

44



obtained from models of uncertainty shocks and with richbot and financial mar-

kets would complement those documented in this p&per.

| also find that the monetary policy response to uncertaihtcks play a role
in whether uncertainty shocks are inflationary or deflatipgnaodel-based sim-
ulations confirm that the differential responses of monepalicy to uncertainty
shocks arising from various sources can help explain thereralevidence of infla-
tionary household uncertainty shocks and deflationary Gia&ancertainty shocks
in the Euro area. Whether or not monetary policy should do smagher question
entirely. When monetary policy raises rates in the presehigeaertainty shocks, it
aggravates the decline in output. Evaluating the optimaietery policy response
to uncertainty shocks would require a more thorough araly&s this is already

outside the scope of the paper, this exercise is left foréutesearch.

Altogether, these results indicate that there are many &tohet sources of
macro-uncertainty with potentially differing aggregatéeets. These effects may
also drastically differ across countries with differenbeamic features. It is hoped
that the introduction of a new measure of household unceytaivailable for a wide
range of countries and a long period of time would help irsd&durther research

and deepen our understanding of the effects of uncertamtii@economy.
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Appendix

Data sources and household uncertainty

Survey data is taken from the European harmonized consumesysand aug-
mented with macroeconomic variables taken from the Eumoi@atistical Data
Warehouse. In addition the economic policy uncertainty snea byBaker et al.
(2016 for Europe is obtained from their website while the optionplied and real-
ized volatility measures of financial uncertainty are takem Stoxx Ltdand Mac-
robond?® Average markups are taken frobe Loecker and Eeckho(2020 and
available for 13 countries in the sample. The markup esérf@atthe Euro area is
calculated as the weighted average (using real GDP) of the &ea country aver-
age markups. These estimated markups are averages forate2@2-2016. Fi-
nally, additional country characteristics are obtainedarfthe World Bank’s World
Development Indicators database and are averages ovegribd 002-2018.

The calculation for the various survey-based indices ataildd in the main
text. The codes for countries and regions covered in theysisadre reported in
TableA.1 and variable descriptions are provided in Tahl&.

Table A.1: Country codes

Region Symbol|| Region Symbol
Austria AT Belgium BE
Bulgaria BG Cyprus CcYy
Czechia Cz || Germany DE
Denmark DK Estonia EE
Greece EL Spain ES
Finland FI France FR
Croatia HR Hungary HU
Ireland IE Italy IT
Lithuania LT Luxembourg LU
Latvia Lv Malta MT
Netherlands NL || Poland PL
Portugal PT Romania RO
Sweden SE || Slovenia Sl
Slovakia SK United Kingdom UK
Euro Area EA

4VOL and EPU were obtained from https://www.policyuncertainty.com/ and
https://www.stoxx.com/index-details?symbol=V2Téspectively.
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Table A.2: Data description

Variable name Description Source
HUN Index of household uncertainty Consumer survey
EPU Baker et al(2016 policy uncertainty indices https://www.policyuncertainty.com
IVOL Option-implied volatility of Eurostoxx 50 Stoxx Ltd.
RVOL Realized volatilty of daily stock price indices Author’s calculations, Macrobond
Csl Consumer sentiment index Consumer survey
DIS

Index of household belief dispersion
Expected durable expenditures

Right time to buy

Consumer survey
Index of household planned durable expenditures Consumer survey
Index of household views on right time
to make large purchases
Index of change in household financial situation
Y-0-y change in log industrial production
Y-0-y change in log HICP
Y-0-y difference in unemployment rate
Daily market rate (EONIA for EA countries)
implied short rate from the term structure

Consumer survey
Change in financial situation
Industrial production growth
Inflation
Unemployment
Interest rate
Shadow rate

Consumer survey
Statistical Data Warehouse
Statistical Data Warehouse
Statistical Data Warehouse
Statistical Data Warehouse

Wu and Xia(2016
Markups Averages of estimates for 2002-2016 De Loecker and Eeckho{@020
Real GDP per capita Real GDP per capita World Bank WDI
Real GDP Constant 2010 USD

World Bank WDI
World Bank WDI

Ease of doing business

World Bank index for ease of doing business
Legal rights index

Strength of legal rights (O=weak to 12=strong) World Bank WDI
Market Capitalization to GDP  Stock market capitalization to GDP ratio

World Bank WDI
Current Account to GDP Current account balance to GDP World Bank WDI
Trade to GDP Total trade to GDP World Bank WDI

Share of Services to GDP Services value added to GDP World Bank WDI
Labor Force Participation Rate Labor force to population ratio (15+) World Bank WDI
Share of vulnerable employed Estimated share to total employment World Bank WDI

Share of self-employed Self-employed to total employment World Bank WDI

GINI coefficient World Bank estimate World Bank WDI

World Bank data are averages over the period 2002-2018. Mgslare 2002-2016 averages. IVOL and EPU for the
Euro area are V2TX and thgaker et al.(2016 index for Europe respectively. The country-specific EP@suees are
obtained fromhttps://www.policyuncertainty.comrlhe country-specific RVOL are the realized volatilitiesl¢alated
as the volatility of daily returns within a given month) oetkurostoxx 50, CAC40, DAX30, FTSE Benchmark MIB
Index, Euronext AEX, IBEX35, OMX Tallinn, FTSE ATHEX, OMXshi&i, Euronext ISEQ, OMX Vilnius, LuxX, OMX

Riga, and Euronext PSI20 indices for the Euro area, Francern@ny, Italy, Netherlands, Spain, Estonia, Greece,
Finland, Ireland, Lithuania, Luxembourg, Latvia, and Ragal respectively.

A2


https://www.policyuncertainty.com
https://www.policyuncertainty.com/

FigureA.1 plots the time-series evolution of the household uncetgtaireasure
for all Euro area countries as well as the Euro area average.

Figure A.1: Household uncertainty across the Euro area
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The panels plot the household uncertainty measure, HUNjlf&uro area countries as well as the
Euro area average. All of the indices have been standardizetl that 100 represents the mean and
10 points represent one standard deviation.

Figure A.2 plots the non-standardized household uncertainty mesa$orehe
Euro area and the five largest member countries. The indeggisiie the average
fraction of households responding wibon't knowto four questions in the con-
sumer survey.

Table A.3 reports an analysis of variance of the non-standardizeddimid
uncertainty measure for a panel of Euro area countries sitiras and countries.

Table A.3: Analysis of variance of HUN for Euro area courgrie

Source Sum Sq. d.f. Mean Sq. F Prob>F
Time 3367.6606 239 14.0906 2.5007  0.0000
Country 54731.9504 18 3040.6639 539.6402 0.0000
Error  22538.4517 4000 5.6346

Total 79414.7603 4257

HUN is the (non-standardized) measure for household uaggyt The table reports
variance decomposition of the HUN measure for all 19 Eurcaageuntries over the
period 2000-2019.
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Figure A.2: Non-standardized household uncertainty nreasor Europe
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The panels report the non-standardized measure for holgeimaertainty, HUN, for the 5 largest
economies in the Euro area and the Euro area as a whole. Thesaépresent the average fraction
of households responding with Don’t know for each surveg @ag. a value of 6 in the index would

mean that 6 percent of households responded with Don'’t know)
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Comparison of uncertainty measures in Europe

FigureA.3 plots the time-series of household uncertainty (HUN),izeal stock
market volatility (RVOL), and policy uncertainty (EPU) fire Euro area. The fig-
ure also identifies significant events associated with hergfd macro-uncertainty
at the corresponding periods in time that they occur. Thézesh volatility of
the Eurostoxx 50 index (RVOL) tracks very well the time-ssrof option-implied
volatility of the same index, V2TX (IVOL), and is availablerfa longer period of

time.
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Figure A.3: Comparison of measures of uncertainty for theoEuea
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HUN is the Euro area index of household uncertainty. RVOlhésrealized volatility of the Eu-
rostoxx 50. EPU is th8aker et al.(2016 measure of economic policy uncertainty for Europe. For
ease of comparison, all three measures of uncertainty haee Btandardized in this figure where
100 represents the respective means and 10 is one standaedide.
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TablesA.4 andA.5 report correlations between household, financial, anaypoli
uncertainty for the Euro area and several European coantrie

Table A.4: Correlations
of household uncertainty

with policy uncertainty

EPU
Euro area -0.413
Germany 0.275
Spain -0.669
France -0.202
Italy -0.222
Netherlands -0.235

The table reports Pearson correlation coefficients betweaisehold uncertainty and policy uncertainty. EPU
is theBaker et al.(2016 measure of economic policy uncertainty for Europe and thedbuntries taken from

https://www.policyuncertainty.com/

Table A.5: Correlations of household uncertainty with il stock market

volatility

Country Corr  Country Corr  Country Corr
Euroarea 0.157 United Kingdom 0.024 Latvia -0.130
Belgium 0.166 Greece 0.370 Sweden -0.160
Czechia 0.255 Hungary -0.081 Estonia 0.154
Germany -0.068 Luxembourg 0.084 Lithuania -0.129
Spain 0.001 Netherlands -0.182 Poland 0.117
France 0.164 Denmark -0.059 Portugal -0.121
Italy 0.007 Finland 0.134 Austria -0.104

The table reports Pearson correlation coefficients betwleensehold uncertainty and realized stock market
volatility for the Euro area and thirteen countries for whiboth measures of uncertainty are available. The
country-specific RVOL are the realized volatilities (cddétad as the volatility of daily returns within a given
month) of the Eurostoxx 50, BEL20, PX50, DAX40, IBEX35, @A@Ad the FTSE MIB Index for the Euro area,
Belgium, Czechia, Germany, Spain, France, and Italy rethgslg. The realized volatilities of the FTSE 100,
FTSE ATHEX Large Cap, BUX, LuxX, AEX, OMXC20, and OMX Hél&Blare used for the United Kingdom,
Greece, Hungary, Luxembourg, Netherlands, Denmark ankhfihrespectively. The realized volatilities of the
OMX Riga, OMXS30, OMX Tallinn, OMX Vilnius, WIG20, PSI20] &viener Borse Index are used for Latvia,
Sweden, Estonia, Lithuania, Poland, Portugal and Austeispectively.
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FigureA.4 plots the time-series of uncertainty shocks recovered &oetursively-
identified VAR with the variables consumer sentiment, utatety, unemployment,
inflation, and interest rate.

Figure A.4: Implied uncertainty shocks from a VAR in Europe
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The panels plot the (annualized) uncertainty shock seeieswered from recursively-identified VARs
of the variables: consumer sentiment, an uncertainty nreasnemployment, inflation, and interest
rate. Three VARs are estimated each using a different measfuuncertainty. These are HUN,
household uncertainty, IVOL, the option-implied vol#filof the Eurostoxx 50 index, and EPU, the
Baker et al.(2016 measure of economic policy uncertainty for Europe. Thevered uncertainty
shock series are plotted in the top right, bottom left, anttdro right for HUN, IVOL, and EPU
respectively. The uncertainty measure is ordered secoti@iMAR. For comparison, the recursively-
identified consumer sentiment shock (ordererd first) fromMAR with household uncertainty is
reported in the top left panel.
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Comparison of the uncertainty measure with the new European @mmission
uncertainty index.

In this section, | compare HUN with the European Commissioe'® uncer-
tainty measure first made public in October 2021. The newrtamiogy measure is
derived from responses to a new question introduced in M&j 2rectly asking
respondents whether their future financial situation isegiteasier or more diffi-
cult to predict. The uncertainty question has been pilotefl countries (Austria,
Luxembourg, Poland, Finland, and Albania) beginning 20i&ollect data up to
November 2021 which gives me a total of 480 observationssadinrope or 150
observations if | restrict the sample to only the 5 pilot do@s with long time series
observations. Tabl&.6 reports correlations between the new uncertainty measure
by the European Commission and the non-standardized HUN®iiridlices intro-
duced in this paper. The correlation with HUN is positive aighificant at about
0.49. In comparison, the correlation with DIS is closer tmze

Table A.6: Correlations with the
new European Commission uncer-

tainty index
HUN DIS
Full sample 0.490 0.183
Obs. 479 480
Pilot sample 0.468 -0.017
Obs 150 150

The table reports Pearson correlation coefficients betwteemew European Commission uncertainty measure
with the non-standardized household uncertainty (HUN) disgersion of views (DIS) indices. The full sample
reports correlation using all available observations frdamuary 2019 up to November 2021. The pilot sample
restricts the observations to the five pilot countries, Aast.uxembourg, Poland, Finland, and Albania.

As a second exercise, | evaluate to what extent HUN is ableadigt the new
European Commission uncertainty index (in-sample). Ta&bléreports results
from a regression of the European Commission’s uncertamatgx on HUN. In col-
umn (1), in which only HUN and a constant term are used as segrs, | find a sta-
tistically significant coefficient. Nevertheless, the Hudéx is only able to explain
about a quarter of the variation in the European Commissiamrtainty measure
given that the R-squared is about 0.24. In column (2), | intoada dummy variable
for the 5 pilot countriesRilot) and also interact it with HUN. All estimated coef
ficients are statistically significant although the fit hasyanarginally improved.
More importantly, the result indicates that country spedifferences may poten-
tially be an important factor (e.g. differences in the wagtthoth variables scale
across countries). Therefore, | repeat the regression eatimtry-specific fixed
effects in columns (3) and (4). The results in column (3)datk a significant im-
provement in fit with about 92% of the variation in the Eurap&ommission’s
uncertainty index explained by the non-standardized HUuixand country fixed
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effects. Coincidentally, the estimated coefficient on HUN@umn (3) is remark-

ably close to one. Similar results are obtained in columnadich also indicates

no statistical difference in the relationship between HU ¢he European Com-
mission measure when comparing between the pilot courdridghe rest. These
results indicate that the HUN and the European Commissiacenainty index are
quite similar but one may need to account for country-spesdaling when moving

from one to the other.

Table A.7: Predicting the European Commission uncertainty
index with HUN

(1) (2) ®3) (4)

HUN 3.2305 2.6442 1.0947 1.2842
(0.263) (0.328) (0.250) (0.301)
Pilot*Hun 1.1909 -0.6090
(0.542) (0.539)
Pilot -12.0524
(2.856)
Country FE No No Yes Yes
R-squared 0.2403 0.2717 0.9240 0.9243
Obs. 479 479 479 479

The table reports regression results with the new Europeam@ission uncertainty measure as the dependent
variable and the non-standardized household uncertaintgex (HUN) as the key explanatory variable. The
sample uses all available observations from January 2018 iypvember 2021. Pilot is a dummy variable which
takes the value of one if the observations are from the fie¢ piluntries, Austria, Luxembourg, Poland, Finland,
and Albania. The regressions reported in columns (1) andn@ude a constant term while the regressions in
columns (3) and (4) include country fixed effects.

Finally, | test whether the introduction of the new questised to construct the
European Commission’s uncertainty index has changed ther@spondents be-
have potentially introducing a structural break in the HUdices. In TableA.8 |
regress the non-standardized HUN indices on dummy vagdbieghe dates which
the new question regarding household uncertainty wereirstduced for each of
the countries. The variablérstdatetakes a value of zero prior to the first instance
that the question is introduced for a given country and aevafuone on that date
and thereafter. Data for the regression is from January,2@b/ears before the in-
troduction of the new question for the pilot countries, torBimber 2021. Since the
first date of introduction differs across countries, a samgifference-in-difference
regression could provide us with a robust estimate of a pialdsreak in the HUN
indices due to the introduction of the new question.

In column (1), | first do a simple regression of the HUN indexiagt the
dummy variable corresponding to the dates when the newiquesas introduced
in each country and a constant. | do not find a statisticafjgificant change in the
HUN index. In the second column | include country fixed eféemtd this time find
a statistically significant decline in HUN. Finally, | addte fixed effects in column
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(3) and find no statistically significant difference in the Nlihdices following the
introduction of the new question to the survey. These egescdo not indicate a
structural break in the HUN indices following the introdioct of the new question
used to construct the European Commission’s uncertaingxind

Table A.8: Testing for a break in the HUN index

(1) (2) 3)
Firstdate -0.2127 -0.2952 -0.1441
(0.156) (0.091) (0.130)

Country FE No Yes Yes
Year FE No No Yes
R-squared 0.0009 0.7246 0.8207
Obs. 1968 1968 1968

The table reports regression results with the non-standadihousehold uncertainty index (HUN) as the depen-
dent variable. The sample uses all available observatimr flanuary 2017 up to November 2021. Firstdate is
a dummy variable which takes the value of one beginning osuhey date that the new uncertainty question is
first asked in each country. The regressions include a cahstam.
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Robustness regarding the effects of uncertainty on inflatio.

Similar results to the baseline are obtained when the VARsisnated using
data for each of the 5 largest Euro area countries. Houselmdrtainty shocks
are largely inflationary when using Italian, Spanish, ordbutata. Household un-
certainty shocks appear to also be mildly inflationary wheingiGerman data. On
the other hand financial uncertainty shocks, as proxied thighrealized volatility
of stock indices, tend to be deflationary. Finally, courgpgcific economic policy

uncertainty shocks appear to have ambiguous or zero inflEatyceffects.

Figure A.5: Impulse responses for 5 Euro area countries
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tainty, realized volatility of stock markets, and policycertainty for 5 Euro area countries. Germany

is blue, Spain is red, France is yellow, Italy is purple, ahe Nertherlands is green. The country-

specific RVOL are the realized volatilities (calculatedlaes ¥olatility of daily returns within a given
month) of the CAC40, DAX30, FTSE Benchmark MIB Index, ExtohEX, and IBEX35 indices for

France, Germany, Italy, Netherlands, and Spain respelgtiiéne EPU policy uncertainty measures

are the country-specifiBaker et al.(2016 indices taken fronittps://www.policyuncertainty.com/

The impulse responses for the Euro area average are reporteldck with accompanying 68% and
90% confidence sets in shades of gray. Each column repogiemsss for a given variable and the
uncertainty measure used in the VAR is given by the row labels
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The main results remain even when accounting for uncormealtimonetary
policy measures in a VAR which replaces the short rate wighth and Xia(2016
shadow short rate. Figur®.6 plots impulse responses to uncertainty shocks in
VARs which include a measure for the shadow short rate.

Figure A.6: Impulse responses in a VAR with shadow short rate
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The panels report median impulse responses to one stanéardttn shocks to household, finan-
cial, and policy uncertainty in VARs with tt#u and Xia(2016 shadow short rate. Each column
reports responses for a given variable. The source, or nreasd uncertainty is given by the row
labels. HUN is the measure of household uncertainty for i@ Brea. IVOL is the option-implied
volatility of the Eurostoxx 50 index. EPU is tiBaker et al.(2016§ measure of economic policy
uncertainty for Europe. The shaded areas reflect 68% and d@8fidence sets.
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The main results remain even when accounting for mediumrtg fan secular
trends and seasonality in the data. Fighiré plots impulse responses to uncertainty
shocks in VARs with (exogenous) linear time trends and maepéxific intercepts.

Figure A.7: Impulse responses in a VAR with seasonal indaceslinear trends
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The panels report median impulse responses to one stanéaidttn shocks to household, finan-
cial, and policy uncertainty in VARs with (exogenous) lingme trends and month-specific con-
stants. Each column reports responses for a given variafie. source, or measure, of uncertainty
is given by the row labels. HUN is the measure of householéntmioty for the Euro area. IVOL
is the option-implied volatility of the Eurostoxx 50 ind&RU is theBaker et al(2016 measure of
economic policy uncertainty for Europe. The shaded arefisae68% and 90% confidence sets.
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The findings on the effects of household uncertainty shookaftation and un-
employment are robust to an alternative identificationtstyawhich assumes that
household uncertainty reacts to all other shocks conteamgausly while house-
hold uncertainty shocks only affect other variables withna enonth lag. Figure
A.8 plots impulse responses analogous to the baseline spgoifidaut with the
uncertainty variable ordered last in the recursive iderdifon strategy. Here we
find that impulse responses to household uncertainty shukes are virtually un-
changed relative to the baseline results.

Figure A.8: Uncertainty ordered last impulse responses
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The panels report median impulse responses to one stanéaidtn shocks to household, finan-
cial, and policy uncertainty in a recursively-identified RAvith the uncertainty variable ordered
last. Each column reports responses for a given variable §durce, or measure, of uncertainty is
given by the row labels. HUN is the measure of household tmicgy for the Euro area. IVOL is
the option-implied volatility of the Eurostoxx 50 index. ER the Baker et al.(2016 measure of
economic policy uncertainty for Europe. The shaded arefisae68% and 90% confidence sets.
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Inflationary household uncertainty shocks are also obthavteen the household
uncertainty index is constructed solely from two questjp&igaining to households’
expectations about future economic activity and unemptyintHUN — Macro)
and when the measure is the common factor from country-fee@isures of house-
hold uncertainty for 10 countries which have been in the Eome for the full sam-
ple period HUN — F 10) or for all Euro area countries in the samtdJN — F16).
Figure A.9 plots impulse responses to shocks based on these alternadi@sures
household uncertainty. Impulse responses to househadrdismentd|S) are also
reported in the bottom row.

Figure A.9: Impulse responses from alternative Euro areséioold uncertainty measures
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The panels report median impulse responses to one stan@aidtibn shocks to alternative mea-
sures of Euro area household uncertainty. Each column tspeasponses for a given variable.
The measure of uncertainty is given by the row labels. HUNil#&s the measure of household
uncertainty using only survey responses to expected fettmaomic activity and unemployment.
HUN-F10 is the common factor in each of the household untgytandices from the 10 Euro area
countries which have been members since 2002. HUN-F16 isdimmon factor in each of the
household uncertainty indices from all of the Euro area ddes in the sample. DIS is the disper-
sion of household expectations. The shaded areas reflece®8%0% confidence sets.
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Impulse Response Functions under time-varying volatilityidentification.

Household uncertainty shocks are still inflationary wheechsshocks are iden-
tified using theCarriero et al(202]) identification strategy. The model is given
by,

Yt = My(L)Yi—1+Mp(L)log(HUN:_1) + plog(HUN,) + A~ 1502¢;
log(HUN) = &(L)%—1+ Sn(L)log(HUN_1) + +PZpPe + i
log(diag(Zy:)) Blog(HUN) +log(h)
log(hy) = a+ylog(hi—1)+nt

whereY; is a vector of macroeconomic variables (unemployment,tioflaand the
short rate) A is lower triangularHUN; is the uncertainty measure, ahdis the
time-varying stochastic volatility process. Note that ffagametergp and  allow
for the contemporaneous effect of uncertainty shocks omiaeroeconomic vari-
ables as well as the contemporaneous effect of the otheloe@mmomic shocks to
the uncertainty measure. Further the param@taliows for the uncertainty shock
to influence the variance of the other macroeconomic shotke. model is esti-
mated with three lags and follows the procedure describ&hmiero et al(2027).
FigureA.10 reports impulse response functions to an uncertainty shock

Figure A.10: Impulse responses under time-varying vatgitientification
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The panels report impulse responses to a household unortshock along with the 68 percent
confidence interval. DUNEMP is the change in the unemploymagea, INFLT N is the inflation
rate, SHRAT E is the short interest rate, aridisithe household uncertainty measure (HUN).
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Counterfactual VAR exercise on monetary policy response.

Following Bachmann and SimR012 andKilian and Lewis(2011J), the coun-
terfactual impulse responses are produced by zeroing eutlitect response of
monetary policy to uncertainty shocks to evaluate the rbla@netary policy in in-
ducing inflationary uncertainty shocks. This is accomg@dshy first assuming that
the equation in the VAR corresponding to the short rate isribaetary policy rule.
One can then produce counterfactual impulse responsesing thhe parameters
from an estimated and recursively-identified VAR and zeg@mnt the parameters
associated with the response of the monetary policy rul@twernporaneous and
lagged uncertainty. For instance, in a four variable racelgidentified VAR with
one lag and uncertainty ordered first while the policy ratrdered last, the corre-
sponding parameters are highlighted in red in equatidn

ag1 -~ 0| |[UNG P11 - bra| [UNG_4 unct
P : = | o] (AD
a1 -+ asa| | MR bg1 -+ baa| | MR- Empt

In the example illustrated in equatidnl, setting the estimated parametasg and

b 1 to zero would remove the response of monetary pold#) to contemporane-
ous and lagged fluctuations in uncertaityNC). Note that while we have ensured
that the policy rate does not directly account for uncetyaib may still indirectly
respond to it when it reacts to fluctuations in unemploymenitiaflation. The ex-
ercise also assumes that the counterfactual is not sigintfienough to generate a
change in the economic agents’ behavior. Otherwise, theisgewould be subject
to theLucas critique

FiguresA.11landA.12reports counterfactual impulse responses of inflation and
the interest rate to uncertainty shocks (blue lines) in anseely-identified VAR
comprised of the following variables: uncertainty, uneayphent, inflation, and the
short rate. For comparison, the impulse responses fromrbenstrained VAR are
also plotted (black lines). The shaded areas reflect the @8fftdence sets around
the unconstrained impulse responses. The impulse respbmnsiation to house-
hold uncertainty shocks (left panel) is slightly less inflaary in the counterfactual
exercise. On the other hand, for the financial uncertaintgdta panel) and policy
uncertainty (right panel) shock impulse responses, | fingfatewards more infla-
tion (or less deflation). Consistent with these, | also findi&t stwards relatively
tighter monetary policy for the exercises concerning fimanand policy uncer-
tainty but a slight loosening of monetary policy in the carfdactual for household
uncertainty.
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Figure A.11: Counterfactual inflation impulse responseb won-responsive monetary policy

INF INF INF

018 T T T 002 T 006 T
——Baseline ——Baseline —— Baseline
Counterfactual

Counterfactual e Counterfactual

0.04 -

-0.04 H e

006 - B

VoL
EPU

0081 -}
002 -

042 il

-0.06 B

The panels report median impulse responses of inflation ¢ostendard deviation shocks to uncer-
tainty. Each column reports the responses of inflation in & With the uncertainty shock indicated
on the vertical axis labels. HUN is the measure of househotrtainty for the Euro area. 1IVOL
is the option-implied volatility of the Eurostoxx 50 indexPU is theBaker et al.(2016 measure
of economic policy uncertainty for Europe. The blue linest phpulse responses from the coun-
terfactual VAR which zeroes out the direct response of thet sate to uncertainty while the black
lines plot responses from the unconstrained VAR. The shaded reflect the 68% confidence sets
around the unconstrained impulse responses.
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Figure A.12: Counterfactual interest rate impulse respsmgth non-responsive monetary policy
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The panels report median impulse responses of the inteatsto one standard deviation shocks to
uncertainty. Each column reports the responses of thedsteate in a VAR with the uncertainty
shock indicated on the vertical axis labels. HUN is the measfi household uncertainty for the
Euro area. IVOL is the option-implied volatility of the Estoxx 50 index. EPU is thBaker et al.
(2016 measure of economic policy uncertainty for Europe. The tilues plot impulse responses
from the counterfactual VAR which zeroes out the directarsp of the short rate to uncertainty
while the black lines plot responses from the unconstrav&R. The shaded areas reflect the 68%
confidence sets around the unconstrained impulse responses

Al9



Cross-country heterogeneity of the effects of household aertainty.

Table A.9 reports the correlations of country variables that werentbto be
most correlated with the variation in cumulated inflatiospenses to household
uncertainty shocks. These country variables are 2002-204&ges obtained from
the World Bank World Development Indicators database. Tglet#inost column
reports the number of observations (countries) used taledé the correlations.
The full sample consists of 25 European countries (of whi¢hafe in the Euro
area) and the Euro area as a whole.

Table A.9: Correlations of country characteristics

Variable Correlation Obs.
Ease of doing business 0.33276 25
Market Capitalization to GDP -0.26924 23
Unemployment rate 0.16128 26
Real GDP per capita -0.11533 26
Current Account to GDP -0.10137 25
Share of Services to GDP -0.093695 26
Labor Force Participation Rate -0.080847 26
Share of vulnerable to total employment -0.037591 26
GINI coefficient -0.035716 25
Trade to GDP 0.034406 26
Legal Rights index 0.03169 26
Share of self-employed to total employment  -0.027177 26
Real GDP 0.0062896 26

The table reports Pearson correlation coefficients betwencumulated response of
inflation to household uncertainty shocks over a 48-montizbo and average values
of several variables (named in the first column) in the seamidmn and the number
of observations (countries) used to calculate correlagiam the third column. These
country variables are 2002-2018 averages obtained from\¥hdd Bank World Devel-
opment Indicators database.

TablesA.10 to A.12 report regression results of the inflationary response to
household uncertainty shocks on average markups contydidir a host of eco-
nomic variables.
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Table A.10: Regression of the response of inflation to hooiselmcertainty shocks on labor market characteristics

Dep.var.: Cum. Inflation IRF 1) 2) 3 4) (5) (6)
Markup 2.0456  1.9157 1.8366
(0.9765) (1.1965) (1.0732)
Unemployment rate 0.1437 0.0944
(0.1920) (0.0613)
Labor Force Participation Rate -0.0593 0.0070
(0.1578) (0.0664)
Share of vulnerable to total employment -0.0215 0.0179
(0.1083) (0.0494)
Constant -0.5192 4.2609 1.0617 -3.4270 -2.8011 -2.4854
(1.8929) (9.2390) (1.5064) (1.5794) (4.9177) (1.6242)
R-squared 0.0248 0.0064 0.0018 0.3774 0.2304 0.2396
Obs. 24 24 24 13 13 13

The dependent variable is the cumulated median impulseonsgp(over a 48-month horizon) of inflation to household
uncertainty shocks. Other country variables are 2002-2818rages from the World Bank World Development Indicators
database. Markups are 2002-2016 averages fiderloecker and Eeckho(2020).

Table A.11: Regression of the response of inflation to hoalslelmcertainty shocks on institutional quality

Dep.var.: Cum. Inflation IRF (1) (2) ) (4) (5) (6)
Markup 1.7957 1.8648  1.9295
(1.0500) (1.0124) (1.0978)
Ease of doing business 0.0693 0.0129
(0.0378) (0.0165)
Legal rights index 0.0446 -0.1680
(0.3240) (0.1451)
Real GDP per capita -0.0298 -0.0091
(0.0453) (0.0305)
Constant -1.5458 05395 1.6795 -2.6062 -1.5327 -2.0335
(1.4376) (2.0033) (1.5124) (1.5624) (1.6131) (1.8137)
R-squared 0.1326  0.0009 0.0193 0.2738 0.3206  0.2363
Obs. 24 24 24 13 13 13

The dependent variable is the cumulated median impulseonssp(over a 48-month horizon) of inflation to household
uncertainty shocks. Other country variables are 2002-2818rages from the World Bank World Development Indicators
database. Markups are 2002-2016 averages fiderioecker and Eeckho(2020).
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Table A.12: Regression of the response of inflation to hoaislelmcertainty shocks on economic structure

Dep.var.: Cum. Inflation IRF (1) (2) 3) 4) (5) (6)
Markup 1.8681 1.8111  1.8370
(1.0894) (1.0702) (1.0962)
Market Capitalization to GDP  -0.0302 0.0005
(0.0230) (0.0121)
Current Account to GDP -0.0806 0.0345
(0.1721) (0.0703)
Share of Services to GDP -0.0557 0.0106
(0.1227) (0.0893)
Constant 25919 0.6953 4.2447 -2.3558 -2.2655 -2.9684
(1.2870) (0.7370) (7.6269) (1.8547) (1.5458) (5.7458)
R-squared 0.0833 0.0099 0.0093 0.2297 0.2476  0.2307
Obs. 21 24 24 13 13 13

The dependent variable is the cumulated median impulseonssp(over a 48-month horizon) of inflation to household
uncertainty shocks. Other country variables are 2002-2818rages from the World Bank World Development Indicators
database. Markups are 2002-2016 averages fizerLoecker and Eeckho(2020.
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New Keynesian model appendix.

Table A.13: Calibrated parameters

Parameter Symbol Value Target
Discount factor B 0.99 Annual real rate of 4%
Habits 2] 0.75 FollowingFernandez-Villaverde et g2015
Risk aversion o 2 FollowingFernandez-Villaverde et 2015
Inverse labor elasticity K 1 FollowingFernandez-Villaverde et 2015
Demand elasticity n 3.13 Euro area average markups
1.84-8.82 Range of country markups (PT to IT)
Price rigidity o 25.00 Equivalent to average Calvo price duration of over 3 quarters
0.00-443.63 Equivalent to average Calvo price duration of 1 to 16 quarters
Monetary policy
Persistence Or 0.70 FollowingFernandez-Villaverde et g2015
Inflation coefficient arn 1.5 Conventional values
Output coefficient ay 0.1 Conventional values
Supply uncertainty coefficient ay 0.00 Baseline
1.05e-5;2.15e-5 Supply uncertainty inflation response of 0 and -1.1
Demand uncertainty coefficient ayy 0.00 Baseline
Inflation target T 1.0047 Annualized value of 1.9%
Productivity _
Mean A exp(4.36) Steady state labdm) (f 0.33
Persistence [N 0.96 Fernald(2014
Volatility OA 0.008 Fernald(2014
Preference B
Mean b 2 Steady state discount factors
Persistence o 0.96 Matched to productivity shock persistence
\olatility Op 0.15 Variance decomposition of output is roughly equal between

preference and productivity shocks
Notes: Monetary policy parameters are slightly skewed tdwanflation relative to output when comparedRernandez-
Villaverde et al.(2015 to better match the Euro area. For the same reason, the ioflaarget is set to close but below
2%.

Supply-side uncertainty shocks in the model and the survepased household
uncertainty measure.

In the following, | propose a plausible link between uncetiashocks in the
model and the survey-based measure of household uncetiakein from the data.
First, we can simplify the characterization of model-ineglihouseholds’ expecta-
tions on the future state of the economy with expectationproductivity growth.
That is, in responding to a hypothetical survey, | assumettreamodel-implied
household views on the state of the economy is reasonablyx@pmted by their
views on productivity growth.

In the model, productivity growth is given by,

a:2=10g (2422) = (1 pu)(log(A) - 109(A) + O 16t

where g1 ~ i.i.d. 47(0,1) and shocks tajat1 represent supply-side uncer-
tainty. Conditional on information available to the houdebkat timet, the growth
forecast is a Normally-distributed random variable.

Gyt ~ A (1 pa)(10g(A) —10g(Ar)), OR 1 1)
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If we assume that, when responding to a survey, househaldeme withg; ;¢ only
if the associated expected forecast error is within sorrmt‘midsj2 which differs
across households, then a househeldll choose to answer the optiddon’t know
when the expected forecast error variance exceeds thesgtibid.

Suppose this threshold is log-normally distributed withame and variance
V2, log(s?) ~ 4 (5v?) in the cross-section of households. Then, the fraction of
households who choose the optiDon’'t know- the household uncertainty index
(HUN) - is given by,

lOQ(UK,tJrl\t) —S
\

HUN, = ®

where®() is the standard normal cumulative density function bdlN; is an in-
creasing function of supply-side uncertainty shocks. Matter that the volatility
shocks in the stochastic volatility setting adopted in fhaper bear some resem-
blance to the way that ambiguity shocks are introduceéitand Schneidef2014.

Impulse responses to all model shocks.

Figure A.13: Model-implied responses to a technology shock
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The black lines represents simulated impulse response®délmariables to a technology shock
(A). All impulse responses except for the endogenous vikilvol, and vo}, are in percent devi-
ations from their stochastic steady state values.
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Figure A.14: Model-implied responses to a preference shock
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The black lines represents simulated impulse responsesd#lmariables to a preference shock)(b
All impulse responses except for the endogenous voletilito} and vol, are in percent deviations
from their stochastic steady state values.

A25



Figure A.15: Model-implied responses to a supply-side taagy shock
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The black lines represents simulated impulse responses@élmariables to a supply-side uncer-
tainty shock (val;). All impulse responses except for the endogenous viékgilol and vol, are
in percent deviations from their stochastic steady statees
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Figure A.16: Model-implied responses to a demand-sidertzicdy shock
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The black lines represents simulated impulse responsesd#lnariables to a demand-side uncer-
tainty shock (vgj;). All impulse responses except for the endogenous vikivol and vo}, are
in percent deviations from their stochastic steady statees
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