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Inflationary household uncertainty shotks

Gene Ambrocio
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Tel: +358 09 183 2465. Emailgene.ambrocio@bof.fi

Abstract

| construct a novel measure of household uncertainty baseulivey data for
European countries. | show that household uncertaintykshare not universally
like negative demand shocks. Notably, household unceytairocks are largely in-
flationary in Europe. These results lend support pieing biasmechanism as an
important transmission channel. A comparison of resultessccountries suggest
that demographics and factors related to average markapg ®alith monetary pol-
icy play a role in the transmission of household uncertaiotynflation. | develop
an Overlapping Generations New Keynesian model with Dedptsito rationalize
these results.

JEL CodesD84, E20, E30, E71
Keywords: uncertainty, inflation, household expectations, deeptbabi

demographics

1. Introduction

There is a growing literature studying macro-uncertaintgt ds effects on the

economy* Many measures of macro-uncertainty have been proposee iitea-

TThe views expressed in this paper are those of the author@ndtchecessarily represent the
views of the Bank of Finland. This paper subsumes earliekventitied "Measuring household
uncertainty in EU countries.” | thank two anonymous refereean earlier version of the paper,
Fabio Canova, Giovanni Caggiano, Markus Sihvonen, Fahion& and seminar participants at the
Bank of Finland for helpful comments and suggestions. Atia@ing errors are my own.

1See e.gBloom (2009 2014; Jurado et al(2015; Baker et al(2016), andRossi et al(2016.
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ture. These are invariably closely tied to financial markptefessional forecasts,
or economic policy. However, an important channel for tlams$mission of uncer-
tainty shocks is through households’ propensity to conssaee, and work.Con-
sequently, empirical analysis focusing on household nreass crucial to forming

a comprehensive understanding of the macroeconomic iatjgits of heightened
uncertainty. The focus on households is also motivated byottservation that
periods of significantly heightened uncertainty occur acblarge crises in which
households played an important rélédowever, direct measures of household un-
certainty useful for macroeconomic analysis are quitecgfaiThis paper seeks to

fill this gap.

In this paper, | construct a measure of household unceytiinEuropean coun-
tries and document its business cycle properties. | therihgsproposed measure
to study the macroeconomic effects of household unceytaind compare against
the effects of uncertainty arising from other sources swchrancial markets and
economic policy. Finally, | compare results across coastto gain insight on the
factors influencing the transmission of household una&stdo the macroeconomy

and develop a simple model consistent with the observedtsesu

The uncertainty measure is based on the fraction of houdghaho respond

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

2See Sandmo(1970; Barro and King(1984; Pijoan-Mas(2006; Born and Pfeifer(2014);
Fernandez-Villaverde et a(2015; Ravn and Sterk2017); Basu and Bundick2017, andChris-
telis et al.(2019.

3See for instancRomer(1990 on theGreat Depressioms well asMody et al.(2012 andRavn
and Sterk2017) as recent examples on tkeat RecessiarSee alsdorda et al(2013; Mian and
Sufi(2011); Schularick and Taylog2012); Jorda et al(2015; Piazzesi and Schneidé016; Jorda
et al.(2016; Mian et al.(2017).

4Leduc and Liu(2016 use theMichigan Consumer Surveg study the macroeconomic effects
of household uncertainty in the US. Measures of househotentminty not directed towards or
especially suitable for macroeconomic analysis inclu@g ithBen-David et al(2018 for the US,
Christelis et al(2019 for Dutch households, ar@uiso et al(1996 for Italian households.



sumer survey. Specifically, | use the same questions usedntgtract consumer
sentiment indices. A key advantage of the measure is traaitailable over a long
period of time, at a relatively high frequency, and for a éasgt of countries. These
features make it suitable for studying the macroeconommsequences of house-
hold uncertainty. Further, the harmonized nature of theesuand the large country
coverage facilitate cross-country comparisons to helpuercfactors that influence

the macroeconomic effects of uncertainty .

Figure 1 illustrates how household uncertainty has evolved ovee tiar the
Euro area. | also plot alternative Euro area measures oftamety for comparison.
| use the implied (from option prices) volatility of the Estoxx 50 index (VIX) as
a measure of uncertainty in financial markets andBhker et al (2016 index for

Europe (EPU) as a measure of policy uncertainty .

The Euro area measure of household uncertainty is elevaesisply around
events wherein European households would reasonably be nmzertain. Over
the period 2002-2018, household uncertainty peaked fowegj in June 2003, April
2008, May 2012, and May 2017. These follow closely with the2bag invasion in
theWar on Terrot the onset of the Global Financial Crisis, the European Soger
Debt Crisis, and Brexit respectivelyThe measures of financial and policy uncer-

tainty 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 foltblaxea drop in consumer

SHousehold uncertainty peaked 6 months ahead of the VIX am@&R during the Global Fi-
nancial Crisis, just a month prior to ECB President Dragh#hatever it takesspeech during the
European sovereign debt crisis, and following the offiaibication of Article 50 of the Treaty on
the European Union by the United Kingdom at the end of Marcti720



Figure 1: Measures of uncertainty for Europe
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HUN is the Euro area index of household uncertainty. VIX & diption-implied volatility of the
Eurostoxx 50 index. EPU is thBaker et al.(2016 measure of economic policy uncertainty for
Europe. For ease of comparison, all three measures of uaitgythave been standardized in this
figure. Shaded areas are Euro area peak-to-trough periodsh fthe Euro Area Business Cycle
Network.

sentiment, a perceived worsening of household financespldput, and high un-

employment. Further, correlations with reported planrgokaditures and views



on the timing of large purchases suggest that the measur@sghold uncertainty
may be capturing households’ concerns about their abdityupport desired con-
sumption. While heightened uncertainty leads to more negatews on whether
now is the right time to make large purchases, it is also pesjtcorrelated with

increases in planned durable expenditures.

| then use a recursively-identified vector-autoregressionncover the effects
of exogenous shocks to household uncertainty and find tegtare largely infla-
tionary in Europe and increases unemployment with a sigmfitag. This is in
stark contrast to the results documented.bguc and Liu(2016 for household un-
certainty in the US. They find that positive shocks to household uncertaintyesais
unemployment and lowers inflation and thus resembles nvegdémand shocks.
The results | document challenge the notion that positivelstito household un-

certainty may universally be interpreted as negative dehsancks.

| conduct several robustness exercises to support thisfindi show that the
results are robust to alternative orderings of variableghénrecursive identifica-
tion strategy used in the vector auto-regressions. | alsw ghat fluctuations in
household uncertainty do not proxy for sentiment (or shocksst moments of be-
liefs). Third, shocks to alternative measures of housetotertainty which focuses
on specific questions in the survey or which incorporatedtbgersion of house-
hold beliefs, also lead to higher inflation. Fourth, the Hsstemain in a vector
auto-regression which includes three sources (or megsofrescertainty associ-
ated with financial markets, economic policy, and househokinally, the results

still hold when | exploit information across Euro area coig#t in both factor and

8Inflationary macro-uncertainty shocks (measured in thetsgi Jurado et a).2015 were also
obtained in the state-level analysisNtumtaz et al(2018 for the US and byMumtaz and Theodor-
idis (2015 when studying the impact of US uncertainty shocks on the téhemy.



panel-based analyses.

The inflationary effect of household uncertainty in Europeds support to the
importance of gricing biasmechanism highlighted iBorn and Pfeife(2014) and
Fernandez-Villaverde et a(2015 in the transmission of uncertainty shockdn
monopolistic-competitive markets with nominal rigidgigirms are more inclined
to raise prices when faced with higher uncertainty. Thisesduse it is relatively
more costly to end up with a lower, as opposed to higher, ghaa 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
ex-post higher than optimal, the reduced volume in salearisgtly offset by larger
margins. Consequently, firms tend to set higher prices whesdfaith increased
uncertainty. In these models, the aggressiveness of a argrdlicy rule in taming
inflation, the degree of nominal rigidities, and the elastiof substitution are key

factors which can amplify or attenuate the mecharfism.

| also document substantial heterogeneity in responsesscountries. When
compared with a broad set of country characteristics, | fuiatldemographic factors
matter. The inflationary effect of household uncertaintynreasing in average
markups, population growth, and life expectancy. It is alsoreasing in education
levels. These findings echo thoseR¥n-David et al(2018 and Christelis et al.
(2019 who provide micro-level evidence that factors such as agecalucation are

associated with differences in perceived uncertainty sschmusehold?. It is also

"This is also referred to as th@i-Hartman-Abeleffect. See als@orn and Pfeifei(2019, and
Fernandez-Villaverde and Guerron-Quint£2620.

8See alsdrasani and Ros§P018 on how modifications to the monetary policy rule can affect
the model-implied response of inflation to uncertainty $isda Leduc and Liw2016.

9See alsMalmendier and NagdR016 on age-dependent learning in the formation of inflation
expectationsJuselius and Takai{®018 for evidence on the secular links between demographics
and inflation, as well a€arvalho et al(2016; Aksoy et al.(2019 andLeahy and Thapgi2019 on
demographics, macroeconomic trends and monetary policy.



notable and perhaps surprising that only income per capitath is (negatively)
correlated with inflationary uncertainty shocks among at lmbsnacroeconomic

indicators.

Deep habits in consumption asavn et al.(200§ may be the link between
demographic factors and inflationary uncertainty shockeehabits at the dif-
ferentiated goods level critically impact the elasticifydemand that price-setting
firms face. For instanc&ronnenberg et a(2012) use detailed consumption data to
show that past (brand-specific) consumption is an impodawer of current con-
sumption baskets among US househdfik the same way that age influences the
propensity to consume and save in the life-cycle hypothi{sisligliani, 1966, it is
quite plausible that habits in consumption take time toaigitself into households’
consumption decisions and thus intensifies with age. A pialerationalization for
this mechanism is that young agents are unsure about thtg utilue of various
consumption baskets while older generations, given regeatperience of various
consumption baskets, have developed tastes for speciketsaand hence exhibit
stronger habit persistenéé. Combined with thepricing bias mechanism in New
Keynesian models of nominal rigidities, a model with ageeatedent deep habits
could potentially account for the observed correlatiortsvben demographics, av-

erage markups, and inflationary uncertainty shocks.

In light of this evidence, | develop an Overlapping GenexragiNew Keynesian
model with Deep Habits which links demographic factors dlasticity of substi-
tution across goods and hence average markups. In the ryodeger generations

have weaker deep habits and contribute to a higher elgstitgubstitution across

105ee alscCarrasco et a(2005.
Hsee also a related theory on how households learn aboutdpiinal consumption-savings
decisions inAllen and Carroll(2001).



goods. Consequently, an aging population is characterigéal\er elasticities and
higher average markups. In turn, these lower elasticitegliy the pricing bias
mechanism and lead to more inflationary uncertainty shot#ken calibrated to
demographic and markup patterns observed for Europearnraesyn find that such
a channel can quantitatively account for substantial tianan the inflationary re-
sponse to uncertainty shocks. Nevertheless, the simulaseidts suggest that other
factors potentially linking demographics and markups a$ a® the conduct of
monetary policy may be needed to fully account for the obe@mariation in the

inflationary effects of heightened household uncertainty.

These results have important policy implications. The sewf uncertainty
matters for its macroeconomic effects for the Euro area.réfbee, policies de-
signed to address the negative effects of macro-uncertaged to take into con-
sideration the underlying source. In addition, the diffeia effects across countries
also indicates that any common policy response in the Ewa @rlikely to gen-
erate heterogeneous effects in the member countries. ficydar, aging societies
such as Italy and Spain are likely to have more inflationaspoases to uncertainty

shocks.

The next section describes the data used to construct tippged measure of
household uncertainty and documents its basic propefestion3 reports results
on the structural analysis of the macroeconomic impact okhbold uncertainty
shocks in the Euro area and across European countries.oisddtitroduces an
Overlapping Generations New Keynesian model with Deep tdabi rationalize
the observed relationship between demographic factoesage markups, and in-

flationary uncertainty shocks. Finally, Sectideoncludes with some remarks.



2. 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 curmerditons but also con-
tains exogenous variation that could potentially driveitess cycle fluctuation's
By and large, the focus on this strand of the literature has loeethe level of

household expectatioris.

A few studies exploit the cross-sectional dimension of lebio$d surveys to
study the microeconomic implications of household undetya Ben-David et al.
(2018 use the New York Fed'Survey of Consumer Expectatidiesshow that US
households’ precautionary behavior under uncertain@fiscted in their consump-
tion, investment and borrowing activities. SimilarGhristelis et al(2019 validate
the precautionary savings channel using a panel survey twhChouseholdsGi-
avazzi and McMahoi§2012 show that precautionary savings behavior following
an increase in political uncertainty manifests as an irsgr@a labor supply among
German household<suiso et al.(1996 construct a measure of Italian household
income uncertainty from the 1989 wave of the household irecamd wealth sur-
vey of the Bank of Italy. They find that high income risk amoragji&n households
induce reduced exposures to equity markets. While very ¢paiand rich in the

cross-section, the measures of household uncertaintyingbdse papers are un-

125ee e.gFuhrer 1988 Ludvigson 2004 Barsky and Sim2012 Leduc and Sill2013 Angele-
tos and La’Q 2013 Leduc and Sill2013 Asriyan et al, 2019 Bhandari et al.2019andLagerborg
etal, 2019

13Recent examples includdalmendier and NaggR016 who show that household inflation ex-
pectations are driven by past experiences and influencesting behaviorD’Acunto et al.(2019
find evidence that cognitive abilities help determine theusacy of households’ inflation expecta-
tions. Vellekoop and Wiederholf2019 show that higher household inflation expectations lead to
less savings in favor of more expenditures in vehidass et al(2019 relate US household incomes
and education levels to households’ forecasts of severaloaeonomic variables.

9



suitable for macroeconomic analysis as they are only dyaif@r a few periods in

time.

In this paper, | use the European Commission harmonized owgrsaurvey
to construct country-level measures of household uncaytaiseful for macroeco-
nomic analysis. The survey is carried out monthly at theomati level covering all
European Union member states as well as candidate membdriesuAn average
of over 40,000 households are surveyed every month acredSutopean Union.
The survey is harmonized across countries and is typicalhdacted in the first

two to three weeks of each month.

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

to the same four questions used to construct consumer sattindices:

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

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

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

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

Respondents can choose among five or six options when ang\itleeise questions

(the middle option@) is omitted for the question on the likelihood of saving).

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

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

| construct an index capturing household uncertaifty N) by measuring the fre-

quency (fraction) oDon’t Knowresponses. Lqg; j denote the fraction of respon-

10



dents choosing optionfor questionj at survey daté wherei = 6 corresponds to
Don’'t knowresponses. The average of the fraction of responses foixtheoption

across the four questions is the measure for householdtaimdgy

HUN, =

N

z Pe,j t (1)
]

The measure is constructed for a balanced panel of 20 cestipius the Euro area

average) and for the period May 2002 to April 2018.

To help understand what drives fluctuations in the proposeasore of house-
hold uncertainty, | evaluate how it correlates with and oegls to other macroe-
conomic indicators and households’ views in other areasthifoend, | construct
a consumer sentiment index by quantifying the first five rasps 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

4ZZXI]thjI—Z (2

wherep j; = 100% pi j /Y74 pij« re-scales the sum of probabilities for the first

five options to sum to 100.

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

the average dispersion of households’ views:

| =

5
DIS = @é(m,j,t—x‘,-,t)zﬁi.,j; (3)

4Countries were selected based on data availability anddesl 14 of the 19 Euro area countries
as well as the largest (by GDP) European Union member cagniticluding the United Kingdom.
A complete description of the data coverage is providedénAppendix. Data used in the analysis
is availablehere

11
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Finally, 1 also construct indices of households’ views ogithexpected durable
expenditures for the following year, their views on whethas the right time to
make major purchases, and an index of reported changediictneent household
financial situations. These measures are calculated irathe way as the consumer

sentiment index.

The survey data is augmented with standard monthly macnoecic variables.
| take monthly data on (log) industrial production, consuiftfCP) inflation, the
short interest rate (average overnight rate), and the uloyment rate. The in-
dustrial production and inflation variables are transfatiméo year-on-year growth

rates while the unemployment rate is in year-on-year difiees.

Figure2 reports lead-lag correlations of household uncertainty wiher vari-
ables for the Euro area. A near-zero contemporaneous aborelwith the con-
sumer sentiment index suggests that the uncertainty neasurot a proxy for
sentiment (a first moment of beliefs). It also appears thatdhtions in house-
hold uncertainty do not merely reflect poor economic coadsi Instead, the data
suggests that periods of high industrial production groawil low unemployment
are typically followed by high household uncertainty witban-zero contempora-
neous correlations. It is after periods of heightened hoalsleuncertainty that we
observe higher unemployment and lower industrial prodaagirowth. If anything,

the measure of household uncertainty anticipates dowsturn

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

ceived changes in household financial situations. Houdelnotertainty tends to

12



Figure 2: Correlations with household uncertainty
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The panels report lead-lag cross-correlations of the hbiesduncertainty measure HUN (Euro area
average) with several variables. The indices for consumeeatisient (CSl), dispersion of beliefs
(DIS), expected durable expenditures, changes in finasdiahtion, 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. VIX is the option-implied tibitg of the Eurostoxx 50 index. EPU
is theBaker et al.(2016 measure of economic policy uncertainty for Europe, andsti@t interest
rate is the daily market rate (EONIA). Dotted lines reflec¥#®Bonfidence intervals.
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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.
These results also indicate that the household uncertaiegsure is unlikely to be

driven only by fluctuations in disinterest or apathy of raspents.

It should be noted that household uncertainty is positicelyelated with both
leads and lags of inflation as well as contemporaneously.s,Tidentification of
uncertainty shocks is crucial to uncovering its effects mifation. Consequently,
the succeeding section includes variations to the reaiidentification approach

used to identify uncertainty shocks as robustness exsrcise

A few more correlations suggest that the measure for holgehcertainty may
be capturing uncertainty about households’ ability to suptheir desired levels of
consumption. Increases in household uncertainty are ia$sdaevith a growing neg-
ative view on whether itis the right time to make large pusg®a On the other hand,
higher household uncertainty is also preceded by and isiyealgicorrelated with
expected increases in durable expenditures. This intatpe is also consistent
with Christelis et al(2019 who find that perceived Dutch household consumption

risk is correlated with household employment and incomie ris

The index also captures households’ uncertainty aboutdbecmy in general.
Two of the four questions used to construct the index refegetioeral macroeco-
nomic conditions (the general economic situation and thabar of unemployed
in the country). When calculated individually for each of theestions, | find that
the sub-components of household uncertainty are highhkelied with each other.
This is consistent with the findings iBen-David et al(2018 for US households

who show that there is a high degree of correlation betweasdtmlds’ uncertainty

14



about their own personal finances and their uncertaintytabaaro-level variables.
Further, as shown earlier, the household uncertainty megsaks around events
that are associated with macroeconomic uncertainty. lyjrthle relatively weak
correlations with the financial and policy measures of uiadety indicate that the

household uncertainty measure captures a distinct typeunces of uncertainty.

3. Macroeconomic 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 (2019 for the US. The VAR is comprised of a measure for uncertaimtygm-
ployment, inflation, and interest rates and is estimated witee lags® Shocks
are identified recursively with uncertainty ordered firsigufe 3 plots impulse re-
sponses using Euro area data to a positive one standardideviacertainty shock.
Each row uses a different measure of uncertainty. The fingpiots the response of
several macroeconomic variables (described in the colusadérs) to a household
uncertainty shock. The second and third rows plot respdiedasancial (VIX) and

policy (EPU) uncertainty shocks respectively.

Household uncertainty shocks in the Euro area lead to higlfilation. This is
in stark contrast to results based on US dataeduc and Liu(2016. Further, |
find that increases in household uncertainty has a delayect eh unemployment,
raising unemployment only after about 20 months. On theradtiaed, positive
financial uncertainty shocks do look like negative demaratks as they raise un-

employment and lower inflation. The same can be said of ingprdsponses to

15 ag selection is based on information criteria. The VAR ineated using Bayesian methods
with Minnesota priors using the ECB’s BEAR toolbdRiéppe et al.2016.

15



Figure 3: Impulse responses to uncertainty shocks

Uncertainty Unemployment Inflation Interest rate
0.1

03 0.2

-0.1 01 -0.1:
10 20 30 40 ' 10 20 30 40 ' 10 20 30 40 10 20 30 40

01 7‘ 045f 03

-0.2 1
0.2 -0.4
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

- & 1 -0.3
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

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. VIX is the option-impliedatilty of the Eurostoxx 50 index. EPU is
theBaker et al.(2016 measure of economic policy uncertainty for Europe. Thelstiareas reflect
68% and 90% confidence sets.

shocks arising from the policy uncertainty measure.

The findings on the effects of household uncertainty shookaftation and un-
employment are robust to an alternative identificationtsgnawhich assumes that
household uncertainty reacts to all other shocks conteamgausly while house-
hold uncertainty shocks only affect other variables witma month lag. Figurd
plots impulse responses analogous to the baseline spéoffitat with the uncer-
tainty variable ordered last in the recursive identificatstrategy. Here we find that
impulse responses to household uncertainty shocks hawararally unchanged

relative to the baseline results.

16



Figure 4: Uncertainty ordered last impulse responses
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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. VIX is the option-impliedatilty of the Eurostoxx 50 index. EPU is
theBaker et al.(2016 measure of economic policy uncertainty for Europe. Thelstiareas reflect
68% and 90% confidence sets.

The effects of household uncertainty on unemployment afidtion are not
driven by changes in consumer sentiment, a first moment ada&pons. The re-
sults are robust to the inclusion of consumer sentimentervhR. Figure5 plots
impulse responses in a VAR much like in the benchmark aralysi with the fol-
lowing variables: CSI, HUN, Unemployment, Inflation, andelr@st rate. Shocks
are identified recursively and variables are ordered asatell in the previous sen-
tence. Here we find that consumer sentiment shocks do agidigiéive aggregate
demand shocks in that it leads to lower unemployment andehigifiation and in-
terest rates. Further, the main result of the paper is $tifioed in that household

uncertainty shocks (ordered second in the VAR) still featudelayed response in
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unemployment and is still inflationary.

Figure 5: Impulse responses in a VAR with CSI
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The panels report median impulse responses to one standsiatihn shocks to household sentiment
and uncertainty. Each column reports responses for a giegialle and the household expectations
measure used is given by the row labels. The shaded areast @8% and 90% confidence sets.

These findings are also robust to other potential concemshe Appendix, |
show that the results remain under alternative measuresusfemold uncertainty
such as by constructing the measure only from responses tavthquestions in the
survey concerning household expectations on the genesabedc situation and
unemployment or employing a common factor approach to iiyem Euro area
household uncertainty. One may also think that the houdalhoiertainty measure
imperfectly captures households’ uncertainty and thatikpersion of household
beliefs may be also contain relevant information regardiogseholds’ uncertainty.
To this end, | construct indices combining the measure o&bald uncertainty

and dispersion of beliefs and find that positive shocks tedhedices also lead to
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higher inflation and delayed increases in unemployment.ré$igts are also robust
to a VAR which includes three measures of uncertainty aasetiwith various
sectors (VIX, EPU, and HUN). Here, | still find that uncertgtishocks from the
financial measure resemble negative demand shocks whikehold uncertainty

shocks remain inflationary.

In addition, | verify that the results are not driven by assdnpriors in the
Bayesian VAR estimation. | obtain the same results from a VAtreated by Or-
dinary Least Squares. Finally, | also exploit country-lemtormation from the five
largest member countries of the Euro area in a panel-VARngetib obtain aver-
aged Euro area impulse responses. In particular, | taketigelavel data for house-
hold uncertainty, unemployment, inflation, and interetggdor Germany, France,
Italy, Spain, and the Netherlands and use the mean-groupatst for dynamic
panel data proposed esaran and Smitfi995 to generate the cross-sectional
averaged impulse responses. In addition, | also use sticipasling of impulse
responses from VARs estimated for each of the countrieswollp Canova and
Pappa(2007.1% In both of these panel VAR exercises, | also find that houskhol

uncertainty shocks are inflationary.

A pricing biasmechanism highlighted iBorn and Pfeife(2014) andFernandez-
Villaverde et al.(2015 may be a plausible explanation for inflationary uncertaint
shocks. Given nominal rigidities and asymmetries in prafictions, firms are more
inclined to raise prices when faced with higher uncertaivifiry then would uncer-
tainty shocks be deflationary for financial and policy uraiety in the Euro Area
and generally in the US? The analysis#ernandez-Villaverde et gR015 gives us

some guidance. They show that frécing biasmechanism can be reconciled with

18For the stochastic pooling of impulse responses, the istteate is assumed exogenous in the
country-level VARs as was done @anova and Papg2007).

19



deflationary uncertainty shocks if monetary policy is chtgeazed by augmenting
an otherwise standard Taylor-type rule with a term thatoedp to uncertainty. In
addition, Fasani and RosgR018 show that the model-implied responses of in-
flation to uncertainty shocks in the model developed.énluc and Liu(2016 to
explain the empirical evidence using US data can be seadiiwariations in the
monetary policy rulé’” Thus, a plausible explanation may be that monetary pol-
icy in the Euro area responds to financial and policy unaastahocks but not to
household uncertainty shock$In practice, this need not be an explicit component
to the monetary policy rule. It is more likely that measuréfirancial and policy
uncertainty feed into the inputs used to formulate the mamygtolicy stance and
hence leads to a monetary policy rule which implicitly resg® to financial and

policy uncertainty shocks.

These results mask significant heterogeneity across Eanaqmintries. | repeat
the VAR exercise for each of the 20 individual countries ia $ample and find that
household uncertainty shocks are inflationary for many tes1 Figure6 plots
cumulated median impulse responses, over a 48 month hootememployment
(vertical axis) and inflation (horizontal axis) to househahcertainty shocks for
each of the 20 countries in the sample and the Euro Ate®o help control for

country differences and secular trends, the VAR is augndentdn month-specific

"The link between inflation and the monetary policy responsentertainty is further supported
by evidence infMumtaz et al.(2018 who find that the state-level impact of aggregate uncestain
shocks in the US are also inflationarlumtaz and Theodoridi€2015 find that US uncertainty
shocks may be inflationary for the UK economy. See alspnicchiarico and RosgR015.

8Consistent with this proposition, the VAR evidence alsoghthat interest rates tend to increase
following shocks to household uncertainty as in the moaaldol impulse responseskdrnandez-
Villaverde et al(2015 when monetary policy follows a standard Taylor-type rule.

19Dots on the upper left quadrant would resemble negative destaocks. Dots on the upper right
quadrant would be consistent with negative supply shoclats i the bottom quadrants indicate
expansionary uncertainty shocl&asu and Bundick2017) note that this may occur in an economy
without nominal rigidities whereby the precautionary sad effect of heightened uncertainty on
labor supply leads to higher output. See disonandez-Villaverde and Guerron-Quint£2@20.
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constant terms as well as linear time trends as additiomab@nous) control vari-

ables.

Figure 6: Cumulated impulse responses to household uimdgrtgy country
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The dots represent cumulated median impulse responsasa @&month horizon, from one stan-
dard deviation shocks to household uncertainty for 20 Eeaspcountries and the Euro area. The
cumulated response of unemployment is on the vertical axighee cumulated response of inflation
is on the horizontal axis. The impulse responses are taken & recursively-identified VAR esti-
mated with three lags and includes linear time trends andtmgpecific constant terms. Country
codes are official European Union designations. The curedlegsponse of unemployment to house-
hold uncertainty shocks for Greece (EL) is truncated to 4% plot from 10.2% for presentation
purposes. The mapping between country codes and countrysham given in Tabld.1

For Austria and Latvia, household uncertainty shocks rarssmployment and

lower inflation. However, for many countries such as Italpai®, and Greece,

household uncertainty shocks raise unemployment andionflat

What can account for these differences? Here, the analyBisrimand Pfeifer

(2014 provide some directions on where to look. In their analggishe trans-

mission mechanism of uncertainty shocks, several factbeswwate or amplify the

response of inflation to uncertainty shocks. First, aBemandez-Villaverde et al.
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(2015 andFasani and Ros$R018, the conduct of monetary policy plays a role.
While a plausible explanation to account for differencesvieen US and European
results, since there is a common monetary policy for sevenahtries in our sam-
ple, this is unlikely to be the leading explanation for diffieces across all European
countries. Secondorn and Pfeife(2014) also show that a higher degree of nomi-
nal rigidities tend to increase the response of inflatiomiwentainty shocks. Finally,
the elasticity of substitution between intermediate goacdscial to the determina-

tion of markups in the New Keynesian framework, is anothetdia

The theoretical link between markups and the response daitimifil to uncer-
tainty shocks is borne out in the data. | use estimated agaragkups for 8 coun-
tries in the sample and the Euro area fr@hristopoulou and Vermeulef2012
and find a positive correlation between average markupsrdiationary responses
to household uncertainty. The upper left panel of Figupots the cumulated re-
sponse, over a 48-month period, of inflation to householcedamty shocks on
the vertical axis and average markups on the horizontal &xitso collect a broad
set of country average characteristics over the period -200Z from the World
Bank World Development Indicators database. These chaisizie cover a broad
range of economic and social areas and includes measuriés smvariables docu-
mented inMlumtaz et al(2018 as important for heterogeneity in state-level impulse

responses to uncertainty shocks in the US.

Demographics also seem to matter for the effect of houseludertainty on
inflation. The upper right and bottom panels of Figureompare the response
of inflation to household uncertainty shocks against cquatterages of popula-
tion growth, post secondary education, and life expectamggression analysis
reveal that population growth and life expectancy at bidhr@late positively with

inflationary responses. In addition, countries with a lagjeare of the adult pop-
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Figure 7: Inflation impulse responses to household uncaytly country variables
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Each dot represents results for each country in the sampletlam Euro area. The regression equa-
tion reports results when regressing the response of infietth uncertainty on the country variable.
Standard errors in parentheses. The vertical axes inditta@ecumulated median impulse response,
over a 48-month horizon, of inflation to shocks to householzbttainty for 20 European countries
and the Euro area. The impulse responses are taken from asigely-identified VAR estimated
with three lags and includes linear time trends and montkeffit constant terms. Average markups
are over the period 1981-2004 and taken fr@ristopoulou and Vermeulg@2012. Other country
variables are indicated on the horizontal axes labels arelarerages over the period 2002-2017.
Country codes are official European Union designations. ffia@ping between country codes and
country names are given in Tablel

ulation with post secondary education tend to also haveidisgionary responses
to household uncertainty shocks. It is also surprising, thatong a large set of
macroeconomic indicators, only income per capita growthietate (negatively)

with the differential effects of uncertainty on inflatié.

These results indicate that demographic factors may playngortant role in
the transmission of household uncertainty to the macramogn These are also

consistent with micro-level studieChristelis et al(2019 document a negative

20Additional regression results are provided in Tahlé of the Appendix.
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relationship between age and perceived consumption riskigidutch households.
Ben-David et al(2018, on the other hand, find a U-shaped life-cycle pattern in US
households’ uncertaintyBen-David et al. (2018 also find that lower education

levels are associated with higher uncertainty.

4. Demographics, deep habits, and uncertainty

This section presents an Overlapping Generations New kseymenodel with
Deep Habits which links demographic factors to firm pricirdpavior and thus the
response of inflation to uncertainty shocks. The model dranva key insight of
deep habits that consumption habit persistence at the deeeleffectively makes
demand for differentiated goods less elaskayn et al. 2006. It also brings ex-
pectations of changes in future demand elasticity into theeat pricing problem of
firms (Lubik and Teg 2014). Together with the pricing bias mechanism described
in the main text, variations in the degree of deep habits ogpliy or attenuate the

inflationary effects of heightened uncertainty.

The objective of this section is to quantitatively assegsektent to which the
proposed link between demographics, markups, and infeatyaimncertainty shocks
through age-dependent deep habits can explain the obsemviation in the data.
As such, | expand on a parsimonious version of New Keynesiagiefs with deep
habits Ravn et al. 201Q Lubik and Teg 2014 Zubairy, 2014 Leith et al, 2015
by incorporating Blanchard-Yaari overlapping generatiand where younger gen-
erations have weaker habits than the old. For instanceeimibdel, agents who
enter the economy for the first time do not have a referencewoption basket
to form habits around. The Blanchard-Yaari overlapping geinens framework

provides a simple characterization of demographics insesfiife expectancy and
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population growth. Similarly, the assumption that deepitsabtensify with age
provides an intuitive and straightforward mechanism wHioks demographics,

average markups, and inflationary uncertainty shééks.

4.1. Households

Time is discrete and denote wity the mass of households in the economy for
periodt whereNy = 1. At the beginning of every period a fractigfi of the mass
of households in the previous period are born. At the end i gariod a fraction
g of all household exit the economy such that the mass of halgekrow at the

rateg® — g% every period.

N = (1+¢°—g%)'No (4)

Henceforth, all quantities will be expressed in per cagtens. Defingy = g°/(1+
g — gd), a summary statistic for the age distribution. Then the {invariant age

distribution f (j) of households who have lived fgmperiods is given by,

f(j)=9(1—g)' (5)

wherej € [0, «]. Households derive utility from consumption, provide laBer-
vices, and save in a risk-free asset to maximize the disedusum of utility from

consumption of a basket of goods indexedil@nd labor yielding the following

210ne alternative with similar implications is that the tim@pportunity) cost of search when
forming consumption baskets as well as attention costsdtuating relative prices in the spirit of
Aguiar and Hurs{2007) andCarroll et al.(2019 may be age-dependent. Thus, demographics may
also affect the price elasticity of demand through an infation frictions channel.
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program for a household boijrperiods from today,

(o]

max ¢ Z}(l_gd)sBsU ({Cijt+s}ts Njt+s) (6)
S—=
subject to:
1-o0 1+k
Xi h-
U = Bt Ot y
1-0 1+« (7)
_n_
1 1 7
Xjt = [/0 (Ci,j,t—ejci,t—l) ndi (8)
1
/OPI,tCi,LtdiﬂLBLt = R_1Bjt-1+Whj+® Wt 9)

where®; = [ @;di are firm profits treated as exogenous by househdlds,the
discount factorg is the coefficient of relative risk aversiok,is the inverse Frisch
elasticity of labor supplyy is the elasticity of demand for differentiated goods, and
6; is the age-specific deep habits parameter which is assumeal itecreasing in

agej. In particular, | assume

6j = (1—exg—vj))6 (10)

wherev is a shape parameter. For example= 0 while limj_,,6; = 8. The

households’ problem yield the following optimality coridits,

P —n
Cijt = Xjt {ﬁt] +0iCit-1 (11)
it = X{W/R (12)
where
Ly, e
R — UO R d|} (13)
Gi = /Oci,,-,tfu)dj (14)

| assume that savings decisions are relegated to a repmégertousehold and
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there is zero net supply of the risk-free asset such thatudiedqum Bjy =B; =0
for all households and periods. A symmetric equilibriumtouseholds within the

same age group Yyield the Euler equation,

X7 = (1-g")BREx; &, 1R/R:1] (15)

and aggregating across households yields the aggregate &d demand equa-

tions,

%% = (1-g")BRE(x GR/R1] (16)
S
Cit = Xt{%} +06Cit—1 (17)
where
x = [t (18)
b = /O 0,f(j)d]
= O(expv)—1)(1-g)[expv)—1+g " (19)

Note here that the age distribution is crucial to average desbits ). A young
and dynamic population with high entry and exit of housebdldrgeg) exhibits
lower habit persistence than an aging population with lowyeand exit (small).
For instance, at the extreme where agents live for one pégiedl), there are no
deep habits and is zero while when agents are infinitely-lived with no entnda

exit (g = 0) then habit persistence is maximized #het 6.

4.2. Firms

Infinitely-lived firms produce differentiated goods in mgudistically compet-

itive markets and maximize the sum of profits discounted hyskbtolds’ average
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stochastic discount factog by choosing labor demand and goods prices subject

to Rotemberg price adjustment costs. A firm producing gasmlves the following

problem,
max [ %QHSCDLHS (20)
S—
subject to:
Gis = (1-0%)°B¥%%Rs (21)
0 Pt 2
®iy = Ricit—Whit — R — T (22)
2 Ri—1
P17
Gy = xt[ﬁ‘} ey (23)
Cit < Vit =Ahit (24)

)

wherert" is the steady-state inflation rai@ s the price adjustment cost parameter
andc = [ cidi. The productivity of labor inputgy is the same across firms and

follows an auto-regressive process with time-varying tiitya

log(A) = (1—pa)log(A)+ pPalog(Ac-1) + Opt€at (25)

log(oar) = plog(Oat—1)+ &vt (26)

whereA is steady-state productivityp, and p, are persistence parameters for the
level of productivity and its variance, ; are productivity shocks witkyt ~ i.i.d.N(0, 03),

ande,; are uncertainty shocks wity; ~ i.i.d.N(0, gy). The solution to the firms’
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problem yield the following optimality conditions,

W/R = AptA (27)
RAct +RAyy = Pl,t‘f‘éEt%R+l)\c7t+l (28)
R ~ CGt+1 Ri1Pi+1 R
Act—(Cit—0OCit_1)—Cit = E )¢ ’ S
n c,tpm( i t it—1) —Cit t t1 R Pr ' Py )
R Bt
—0C — T 29
tpltfl(Pltfl ) (29)

whereAy; is the multiplier on production (marginal cost, equati®) andAc; is

the multiplier on demand (equati@?3).

4.3. Monetary policy and aggregation

| close the model with a description of monetary policy whiclows a Taylor-

type rule.

R [R_1]? rmjan(i—p) [y 19EP)
N

| R e y*

wherert = R/R_1 is the gross inflation rateR*,ir*, andy* are the steady-state

(30)

nominal rate, inflation, and output respectively.

Aggregation, a symmetric equilibrium and market-cleagngditions yield the
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following equations which characterize the model.

X = G—0c_1 (31)
h = x %w (32)
X% = PRExSM.} (33)
o
G = % 5(m—1)° (34)
W = Ayt (35)
_ Xt+1 -
At+Act = 1+ 6BE, " Acti1 (36)

—0
Mo —c = OfE, [X‘Xﬂ CaTia(Thas — 1) — SarE(rE— 1) (37)

R . R_1 Pr Tk an(1-pr) Vi ay(1-pr)
Ak S (39

wherew; =WR, by = [hitdi= [hjf(j)d], yt = [yirdi, andB = (1—g%)B. The
above equations along with the laws of motion for produtstiand the variance of

shocks to productivity in equatior2s-26, complete the description of equilibrium.

Note that equation81 to 39 are isomorphic to a New Keynesian model with
deep habits and infinitely-lived agents. The age structtitesoeconomy only enter

through two parameterﬁ, and®.

The (deterministic) steady state markujs given by,

nl1-oe)

(n—1)(1-6)—6(1— (1—g9)B) (40)

“:

which is increasing in the degree of habit persisteticEurther, aging or less de-

2)n partlcular o _ = u? E );B On the other hand, the effect of aging on steady state markup
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mographically dynamic economies (layy feature higher average deep habits (see
equationl19) and thus higher markups. The model predicts that agingesesiare

characterized by larger average markups.

4.4. Dynamic implications and responses to uncertainty shocks

The model is calibrated to match the demographic pattern23oEuropean
countries and the Euro area. One set of paramegrandg) are set to match the
range of values of life expectancy and population growthecSizally, g% is set to
match data on life expectancy (in quarters after the age pkile the entry rate
g? is then set to match the model implied population growth fgfte- g%) with the
fitted relationship between life expectancy and populagjaowth in the data. The
left panel of FigureB plots how the calibrated demographics parameters fards wit

respect to data on life expectancy and population growtthisEuropean countries.

Given values for the demographic parameters, the parasnetiating to deep
habits and markup( v, andn) are then set to best match the cross-country de-
mographic and average markup patteéthdhis set of parameters are assumed to
be the same across countries. Thus, all cross-countntigaria due to differences
in demographics parameters. The right panel of Figureports the implied aver-
age markups. The variation in demographic parameters teadlibrated average
deep habitsf) in the range of 0.87 to 0.94 and (deterministic) steadestatrkups
ranging from 1.20 to 1.23. The variation in deep habits casafficiently cover the
range of variation in markups observed in the data. This éabge the impact of

deep habits on markups depends heavily on the discount {@et® equatiod0). If

through the discount factor is negative. Tha@g% ‘é =u (”71)79(?][37(179[,)3).

23The parametev is set such that the smallest calibrated steady state masktlpsest to the
smallest value in the data. The paramei@randv are then set to match the rest of the range of

observed markups.
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the discount factor is very close to one, then variationbédeep habits parameter
imply only small changes to the steady state markup.

Figure 8: Demographics and deep habits calibration
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The rest of the parameters are calibrated based on theuiter@and are reported
in TableA.6 of the Appendix. | then solve the model using third order ydyation
methods Andreasen et 312018 and simulate how the economy reacts to a shock
to the volatility of productivity, an uncertainty shock. &Isize of the uncertainty
shock is calibrated such that the cumulated response ofianflaver a four-year
period for the calibration of demographics and markupsesponding to the Euro
area is the same as in the d&tawhen calculating such responses, | foll@asu
and Bundick(2017 and all shock responses are initialized at the stochatstacly

State.

Figure9 plots the cumulated response of inflation over a 4-year gefioarious

2This is the case unless the deep habits parameter takesisiipjalarge values. That is, small
variations of the deep habits parameter lead to large clsangsteady state markups if and when it
is already very close to one. Alternatively, if the discofattor were assumed to be lower (e.g. at
0.98) then the range of implied markups from the demograptadibration can yield values from
1.20to0 1.35.

25The volatility shock is assumed to have a persistence of®).5(0.5).
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calibrations of the model matched to demographic and mapkitterns in European
countries?® As the figure indicates, variations in demographics alomgh@mce the
degree of deep habits can generate significant variatiotieinoumulated response
of inflation to uncertainty shocks as is observed in the d&ansistent with the
patterns documented in the empirical section of the palpeinflationary response
to uncertainty shocks are increasing in average markupsil@oon growth and life
expectancy.

Figure 9: Cumulated inflation to response uncertainty accatibrations
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Each dot represents simulations from a particular calilwatof the model. The cumulated response
of inflation over a 4-year horizon is on the vertical axes. Togizontal axes report the implied
values of demographic characteristics and markups for eatibration. The size of the uncertainty
shock is calibrated such that the cumulated response ofiimiiéor the calibration of demographics
and markups corresponding to the Euro area is the same azidata.

Nevertheless, demographics and deep habits alone caromatrdador all of the

263ee FigureA.7 in the Appendix for a comparison of model-implied impulsspenses relative
to the VAR-evidence documented in Sect&n
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variation observed across countries in Europe. The simgitasults from the model
serve to document the quantitative relevance of demogragnd deep habits in
explaining part of the cross-country variation observethendata and the model is
not meant to be an accurate depiction of (differences irgsglects of the European
economies considered. Clearly, other country charadtiptay a role and may
differ significantly across European countries. The maslpurposely stylized and
simplified and only demographic parameters are allowedterdicross model sim-
ulations in order to assess the ability of this specific clehimexplaining the data.
It cannot, for instance, account for why uncertainty shdots policy or financial
markets are deflationary or why household uncertainty shaok deflationary and
reduce unemployment for some countries. Variations in diedyits alone has also
been shown to be insufficient in capturing differences irraye markups across
countries. Consequently, other factors such as the degresrohal price and wage
rigidities which are very likely to be different across ctrigs may play important

roles in the differential responses of inflation to uncertai

Furthermore, the conduct of monetary policy, especiatlgyistematic response
to uncertainty shocks may also be crucial to the inflatiorefgcts of uncertainty
arising from various source&¢rnandez-Villaverde et aR015 Fasani and Rossi
2018. Indeed, and consistent with the literature, in the Appemdghow that a
modified monetary policy rule with a stronger response t@uubdr one which di-
rectly responds to uncertainty shocks can lead to deflatjomacertainty shocks.
These results suggest that demographics combined withtargn@olicy, and po-
tentially other factors that affect average markups ardeeéo quantitatively match
the varying responses of inflation to uncertainty shockeoiesl across European

countries.

34



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 the macroeconomic effects of household unegytahocks in Europe
differ from the effects of shocks to uncertainty arisingnfrdinancial markets and
policy. For the Euro area and many European countries, shtochousehold un-
certainty do not act like negative demand shocks. Insteadsdhold uncertainty
shocks are inflationary in Europe and have a delayed impacinemployment.
Further, | show that there is a relationship between therbgémeous effects of
household uncertainty and demographic factors in the &esson of European
countries. This indicates that demographics may be an irapioiactor in the trans-

mission of household uncertainty and provides some daedtr future research.

Lessons from model-based studies in the literature inglitett one explanation
may be apricing biastransmission mechanism coupled with monetary policy in
the Euro area which does not respond to household uncer&diotks. My results
which provide a comparison across countries indicate aldetkveen demograph-
ics, average markups, and inflationary uncertainty shodkgurn, this suggests
that demographics may be related to factors underlyingticéng biasmechanism
such as the degree of nominal rigidities and elasticitiesubktitution (firm market
power) crucial to the determination of markups. This papeppses one hypoth-
esis relating demographics to average markups through lukggifs to rationalize
these observations. | find that while differences in demglgics can explain part
of the results, other channels and mechanisms would be dé¢eddly account for
the observed differences across countries. Rather thangroilit alternative mech-

anisms and hypotheses, the model and evidence presenteid paper points to
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the need for additional channels and alternatives. Expddhiese alternatives is left
for future work. It should also be noted that the underlyiogrse of differences in

demographic patterns (e.g. by immigration, expatriateio,) are left unexplored.

These results also have important policy implications. éstainty shocks which
raise unemployment and inflation imply that a trade-off isg@nt when consider-
ing the appropriate (monetary) policy response. Furthemabraphic conditions
may amplify or attenuate this policy trade-off. Consequemnltifferences in demo-
graphic conditions in the Euro area imply that a common gakaction to uncer-

tainty shocks would have heterogeneous effects across ararobntries.
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Appendix

Data sources Survey data is taken from the European harmonized consumer
survey and augmented with macroeconomic variables takemttie European Sta-
tistical Data Warehouse. In addition the economic policgartainty measure by
Baker et al (2019 is obtained from their website while the option-impliedatd-
ity measure of uncertainty is taken froBtoxx Ltcd?’ Average markups are taken
from Christopoulou and Vermeuld@012 and available for 8 of the 20 countries in
the sample as well as the Euro area. These estimated manaagemages for the
period 1981-2004 following the methodologyRoeger(1995. Finally, additional
country characteristics are obtained from the World BanksldDevelopment In-

dicators database.

The calculation for the various survey-based indices ataildd in the main
text?® The countries and regions covered in the analysis along weittable de-

scriptions are provided in Tabke.1.

2Thttps://www.policyuncertainty.conandhttps://www.stoxx.com/index-details?symbol=V2TX
28Data availabléere
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https://www.policyuncertainty.com/
https://www.stoxx.com/index-details?symbol=V2TX
https://sites.google.com/site/ambrociogpg/research

Table A.1: Data coverage

Region Variable
Name Symbol Variable name Description Source
Austria AT HUN Index of household uncertainty Consumer survey
Belgium BE Csl Consumer sentiment index Consumer survey
Cyprus CY DIS Index of household belief dispersion Consumer survey
Czechia cz VIX Option-implied volatility of Eurostoxx 50 Stoxx Ltd.
Germany DE EPU Baker et al(2016 European policy uncertainty index https://www.policyuncertainty.com
Denmark DK Industrial production growth  Y-0-y change in log industrial production Statistical Data Warehouse
Greece EL HICP inflation Y-0-y change in log HICP Statistical Data Warehouse
Spain ES Short interest rate Daily market rate (EONIA for EA countries) Statistical Data Warehouse
Finland FI Unemployment Y-o-y difference in unemployment rate Statistical Data Warehouse
France FR Term spread 10-year sovereign bond yields less short rate Statistical Data Warehouse
Hungary HU Expected durable expenditures Index of household planned durable expenditures Consumer survey
Italy IT Right time to buy Index of household views on right time Consumer survey
Lithuania LT to make large purchases
Latvia Lv Change in financial situation  Index of change in household financial situation Consumer survey
Netherlands NL Average markup All sector average over 1981-2004 (Table 1) Christopoulou and Vermeulg2012)
Poland PL Income per capita growth Adjusted net national income per capita annual growth World Bank WDI
Portugal PT GDP Constant 2010 USD World Bank WDI
Sweden SE GDP per capita growth Annual growth World Bank WDI
Slovakia SK Investment to GDP Gross fixed capital formation to GDP World Bank WDI

United Kingdom UK

Savings to GDP Gross domestic savings to GDP

World Bank WDI

Euro Area EA

Current Account to GDP Current account balance to GDP

Trade to GDP Total trade to GDP
Share industry Industry value added to GDP
Share services Services value added to GDP

Credit to GDP Domestic financial sector credit to GDP

World Bank WDI
World Bank WDI

World Bank WDI

World Bank WDI

World Bank WDI

Employment to population Employment to population ratio (15+)

Labor force participation rate  Labor force to population ratio (15+)
Share self-employed Self-employed to total employment
Share vulnerable employment  ILO estimated share to total employment

GINI Index World Bank estimate

World Bank WDI
World Bank WDI
World Bank WDI
World Bank WDI
World Bank WDI

Income share top 10% Income share held by first decile
Share tertiary educ. (+25)
Share secondary educ. (+25)

Literacy rate Share of population (+15)

Life expectancy Life expectancy at birth in years

Share of population (+25) with at least post-secondary

World Bank WDI

Share of population (+25) with at least Bachelor’s or equivalent  WorltVBank

World Bank WDI
World Bank WDI
World Bank WDI

Population growth Annual percent

Share female Percent of total population
Share rural population Percent of total population

Legal rights index Strength of legal rights (O=weak to 12=strong)

World Bank WDI
World Bank WDI
World Bank WDI

World Bank WDI

World Bank data are averages over the period 2002-2017. ageemarkups are estimated 1981-2004 averages. All
other data are monthly over the period May 2002-April 201Be WIX and EPU are treated as Euro area variables.

FigureA.1 plots the time-series evolution of the household uncestammeasure

for each of the 20 European countries.
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Figure A.1: Household uncertainty across Europe
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FigureA.2 plots the evolution of several key variables used in theyemafor

the Euro area.

Figure A.2: Euro area household expectations and macrablas
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HICP inflation and Industrial Production growth are year-gear growth rates of of the consumer
price index and industrial production respectively. Unéoyment is the year-on-year difference
in unemployment rates. Short interest rate and Term spreadiaily money market rates and the
term spread (10-year rates less daily market rates) respalgt CSl, DIS, and HUN are indices
of consumer sentiment, dispersion of beliefs, and houdelmalertainty respectively. All series are
Euro area averages. Shaded areas are Euro area peak-tatrperiods.
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Robustness of the effects of uncertainty on inflation and urmaployment.

The results for the Euro area are also robust to alternatagsarements of Euro
area uncertainty. First, the result remains when the haldemcertainty index is
constructed solely from the two questions pertaining toskebdwolds’ expectations
about future general economic activity and unemploymeitl — Macro). Sec-
ond, uncertainty shocks are still inflationary in the Eureaawhen the Euro area
measure of household uncertainty is the common factor fhr@aountry-level mea-
sures of household uncertainty for 10 countries in the sarvpich are in the Euro-
zone HUN — Factor). The countries included in the factor analysis are thosehwh
have been part of the Euro area for the full sample period.lishef countries are
reported in Tableé\.2. The top two rows of Figuré.3 plots impulse responses to
shocks based on these alteranative measures of Euro arsehlo@ii uncertainty.
An interesting outcome is that shocks to the common fact@swme of Euro area
household uncertainty also appear to lower unemploymeote Nowever that the
loadings of the country-level household uncertainty messtor the 10 Euro area
countries on the common factor do not all have the same sighle’R.2 reports
these factor loadings. Further, as the factor extractiacgss does not take into
account the relative sizes of the economies, as would haue the case with sim-
ple aggregated measures, it is not clear whether the comawtor fapproach to

deriving a Euro area measure of household uncertainty waeilppropriate.
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Figure A.3: impulse responses from alternative Euro aresditoold uncertainty measures

Uncertainty Unemployment Inflation Interest rate
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The panels report median impulse responses to one stanéaidtibn shocks to alternative mea-
sures of Euro area household uncertainty. Each column tspesponses for a given variable. The
source, or measure, of uncertainty is given by the row lalgldN-Macro is the measure of house-
hold uncertainty for the Euro area using only survey resgsite expected future economic activity
and unemployment. HUN-factor is the common factor in ea¢cheohousehold uncertainty indices
of 10 Euro area countries in the sample. DISXHUN is the proddéiche HUN and DIS variables
and DISPHUN is the sum of the standardized DIS and HUN vaggblThe shaded areas reflect
68% and 90% confidence sets.

Table A.2: Factor loadings of household uncertainty inslioa
Euro area common factor

Austria Belgium Germany Greece Spain
0.451 0.592 -0.399 -0.373 0.904
Finland  France Italy Netherlands Portugal
0.639 0.372 0.139 -0.271 0.749

Contemporaneous correlations of the various Euro area mesagfiuncertainty are

reported in Tablé\.3
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Table A.3: Correlations of Euro area measures of unceytaint

Csl DIS HUN HUN-Macro HUN-Factor VIX EPU
Csl 1
DIS -0.45726*** 1
HUN 0.07683 -0.33877*** 1
HUN-Macro | 0.26442** -0.38619*** 0.95587*** 1
HUN-Factor -0.06086 -0.48619**  0.66152***  0.62465*** 1
VIX -0.50458**  0.18973***  0.14878** 0.031185 0.16315** 1
EPU 0.00038295 0.25806*** -0.26164***  -0.2335***  -0.52725** (0.21968*** 1

*,%% ok %k represent statistical significance at the 10, 5, and 1% retpely.

We also observe similar results when the measure of unigrtiaisome com-
bination of DIS and HUN where DISXHUN is the product of the twariables and
DISPHUN is the sum of the standardized DIS and HUN variablég. bottom two
rows of FigureA.3 plots impulse responses of unemployment, inflation, aretést

rates to shocks to a combination of DIS and HUN.

The inflationary effects of household uncertainty shocksaia even if we ac-
count for uncertainty arising from multiple sources. Fgi4 plots impulse re-
sponses in a VAR much like in the benchmark analysis but vateet measures for
uncertainty: VIX, EPU, HUN, Unemployment, Inflation, anddrest rate. Shocks
are identified recursively and variables are ordered asatell in the previous sen-
tence. Here we find that uncertainty shocks from the finamdsure, ordered
first, do act like negative aggregate demand shocks in tlheddis to higher unem-
ployment and lower inflation and interest rates. More imguatty, the main result
of the paper is still obtained in that household uncertastitycks (ordered third in

the VAR) still feature a delayed increase in unemploymentiaustill inflationary.

The results are also not driven by the assumed priors in theday VAR.
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Figure A.4: Impulse responses in a VAR with multiple unciettameasures

VIX EPU HUN Unemployment 5 Inflation B Interest rate
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0.1

0.05
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The panels report median impulse responses to one standaifdtibn shocks to uncertainty from
various sources. Each column reports responses for a giagiable. The source, or measure,
of uncertainty is given by the row labels. HUN is the measdrbausehold uncertainty for the
Euro area. VIX is the option-implied volatility of the Eutosx 50 index. EPU is thBaker et al.
(2016 measure of economic policy uncertainty for Europe. Thelstareas reflect 68% and 90%
confidence sets.

Figure A.5 reports impulse responses from a of recursively-identsieolcks in a

VAR estimated by Ordinary Least Squares.

| also verify if the results remain in a panel-VAR setting touro area coun-
tries. In particular | estimate panel VARs for the five largéato area economies
in the sample (Germany, France, Italy, Spain, and the Neigs). First, | use
the mean-group panel VAR proposed Bgsaran and Smit{iL995 as a simple
way to aggregate information across countries. The estimagsumes that the
VAR coefficients for each of the units (countries) are pateiytheterogeneous but
are randomly drawn from a distribution with a common meanco8d, | employ

stochastic pooling as i€anova and Papp@007) to combine information from
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Figure A.5: Impulse responses from an OLS-VAR

Uncertainty Unemployment Inflation Interest rate

0.2
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The panels report median impulse responses to one stanéardtibn shocks to uncertainty. Each
column reports responses for a given variable. The souncejeasure, of uncertainty is given by
the row labels. HUN is the measure of household uncertaortyhie Euro area. VIX is the option-
implied volatility of the Eurostoxx 50 index. EPU is tBeker et al.(2016 measure of economic
policy uncertainty for Europe. The shaded areas reflect 68#idence intervals.

country-specific impulse responses. In the stochastidmpabproach, it is the co-
efficients in the estimated country-specific impulse respdunctions themselves
which are assumed to be heterogeneous and randomly dramnafrdistribution

with a common meaf® Results are reported in Figufe6

29Theaveragempulse response is the averaged impulse response fronteaotry weighted by
the precision by which each impulse response is generatotsBapped estimates of the variance
of impulse response coefficients were used to weigh the isepelsponses.
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Figure A.6: Panel VAR impulse responses
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The panels report impulse responses to one standard dewiatiocks to household uncertainty.
Each column reports responses for a given variable. The IpdA& method is given by the row
labels. The shaded areas reflect 68% confidence intervals.
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Country characteristics associated with the effects of hagehold uncertainty
on inflation and unemployment. To get a sense of what may be driving the het-
erogeneiety of impulse responses to household uncerttiatyks, | collect several
country characteristics variables from the World Banks’ M/@evelopment Indi-
cators database for the 20 European countries in the sahgtde.include variables
similar to those documented Mumtaz et al.(2018 as important factors for het-
erogeneity across US states. Each country charactesdtie iaverage from 2002-
2017, similar in coverage to the sample used in the VAR arsmaly@blesA.5 and
A.4 report univariate regressions of the cumulated median lisepesponses (over
a 48 month period) of unemployment and inflation to householertainty shocks

respectively with country characteristics as explanatanables.
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Table A.4: Regression of cumulated impulse responses attiorfl to household
uncertainty shocks on country variables

Beta se p-val R-sq Obs
Average markup 6.84 279 0.01 0.47 8.00
Share female -1.58 0.43 0.00 041 20.00
Population growth 269 0.81 0.00 0.37 20.00
Share secondary educ. (+25) | -0.15 0.06 0.01 0.24 20.00
Life expectancy 041 0.20 0.04 0.19 20.00
Income per capita growth -0.58 0.30 0.05 0.17 20.00
GINI Index -0.25 0.17 0.15 0.10 20.00
Income share top 10 -0.41 0.28 0.15 0.10 20.00
GDP per capita growth -0.49 0.36 0.18 0.09 20.00
Credit to GDP 0.01 0.01 0.21 0.08 20.00
Share self-employed 0.10 0.09 0.28 0.06 20.00
Share vulnerable employment| 0.11 0.11 0.29 0.06 20.00
Literacy rate -0.40 057 049 0.06 9.00
Share tertiary educ. (+25) -0.10 0.11 0.39 0.04 19.00
Legal rights index -0.22 0.28 045 0.03 20.00
GDP 0.00 0.00 0.53 0.02 20.00
Current Account to GDP 0.05 0.14 0.75 0.01 20.00
Trade to GDP -0.01 0.02 0.72 0.01 20.00
Savings to GDP 0.06 0.12 0.61 0.01 20.00
Investment to GDP -0.01 0.25 0.97 0.00 20.00
Labor force participationrate | 0.05 0.13 0.69 0.01 20.00
Employment to population 0.01 0.12 0.93 0.00 20.00
Share services 0.05 0.12 0.69 0.01 20.00
Share industry 0.02 0.12 0.87 0.00 20.00
Government to GDP -0.01 0.25 0.96 0.00 20.00

The dependent variable is the cumulated median impulsenssp(over a 48-month
horizon) of inflation to household uncertainty shocks. Agermarkups are over the
period 1981-2004 and taken froBhristopoulou and Vermeulg2012). Other country

variables are 2002-2017 averages for 20 European countii#ained from the World
Bank World Development Indicators database. The univariagressions include a

constant term.
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The regression results indicate that the cumulated impelsgonse of unem-
ployment to household uncertainty shocks is increasingvérage real GDP, the
share of vulnerable and self-employed, and decreasing plogment to popula-
tion and labor force participation ratios. On the other hdahd cumulated impulse
response of inflation to household uncertainty shocks isedsmg in income per
capita growth, share of population with post-secondarygation, and increasing in

life expectancy and population growth.
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Table A.5: Regression of cumulated impulse responses ofmployment to
household uncertainty shocks on country variables

Beta se p-val R-sq Obs

Average markup 6.37 2.69 0.02 045 8.00
Share self-employed 0.28 0.07 0.00 0.45 20.00
Share vulnerable employment| 0.30 0.09 0.00 0.38 20.00

Employment to population -0.22 0.10 0.04 0.18 20.00
Trade to GDP -0.03 0.02 0.04 0.18 20.00
Share services 0.20 0.11 0.07 0.15 20.00
Share industry -0.21 0.11 0.07 0.15 20.00
Savings to GDP -0.20 0.11 0.08 0.14 20.00
GDP per capita growth -0.61 0.35 0.08 0.14 20.00

Labor force participationrate | -0.21 0.12 0.08 0.14 20.00

Literacy rate -0.71 0.63 0.26 0.14 9.00
Income per capita growth -0.50 0.31 0.10 0.12 20.00
Legal rights index -0.37 0.28 0.18 0.09 20.00
Life expectancy 0.29 0.21 0.16 0.09 20.00
Investment to GDP -0.31 0.24 0.19 0.08 20.00
GINI Index 0.21 0.17 0.22 0.07 20.00
Income share top 10 0.21 030 0.49 0.02 20.00
Share female -0.61 0.55 0.27 0.06 20.00
Current Account to GDP -0.10 0.14 0.48 0.03 20.00
GDP 0.00 0.00 0.49 0.02 20.00
Government to GDP -0.08 0.25 0.76 0.01 20.00
Credit to GDP 0.00 0.01 0.65 0.01 20.00
Population growth 0.21 1.02 0.84 0.00 20.00
Share tertiary educ. (+25) 0.03 0.12 0.78 0.00 19.00

Share secondary educ. (+25) | -0.02 0.07 0.78 0.00 20.00

The dependent variable is the cumulated median impulsenssp(over a 48-month
horizon) of unemployment to household uncertainty shotksrage markups are over
the period 1981-2004 and taken froBhristopoulou and Vermeule(2012. Other
country variables variables are 2002-2017 averages for 2B0Bean countries ob-
tained from the World Bank World Development Indicatorsalase. The univariate
regressions include a constant term.
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Model and calibration appendix.

The model’s calibrated parameters are reported in the bebtsv.

Table A.6: Calibrated parameters

Parameter Symbol Value Target
Demographics index g 0.0041-0.0048 Cross-section of life expectancy and population growth
Deep habits 6 0.8691-0.9407 Cross-section of markups
Discount factor B 0.99 Annual real rate of 4%
Risk aversion g 3 Following Ravn et al(2010
Inverse labor elasticity K 0.5 Following Ravn et al(2010
Demand elasticity n 6.2 Minimum markup at 1.20
Price rigidity [ 175 Equivalent to average Calvo price duration of 3 quarters
Monetary policy
Persistence Pr 0.9 Determinacy Zubairy, 2014
Inflation coefficient arn 1.5 Conventional values
Output coefficient  ay 0.2 Conventional values
Productivity
Mean A exp(5.85) Steady state laboh) of 0.33
Persistence Pa 0.96 Fernald(2014
\olatility Oa 0.008 Fernald(2014

It should be noted that the parameters relating to monetargypare different
than those typically assumed in the literature. Notablg, gbrsistence parameter
is significantly larger at 0.9. This is because of altereeiainacy conditions in
New Keynesian models with deep habits (Zesairy, 2014. Since deep habits
can lead to self-fulfilling demand expectations and coneetiy indeterminacy, the
persistence parameter in the monetary policy rule has balarged to ensure de-

terminacy in all calibrations for the deep habits parameter

For reference on the implications of deep habits in the madklelnext two figure
shows impulse responses to an uncertainty shock in a siyndalibrated standard
New Keynesian model, the baseline New Keynesian model wibpChabits, and

two variations of the baseline model. The baseline modeesponds to the calibra-
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tion for the Euro area. The standard New Keynesian modeiigasiy calibrated

to the baseline except that the deep habits parameter © zetd. FiguréA.7 plots

impulse responses over a four-year period to uncertairggkshfrom the standard

New Keynesian model, the baseline calibration of the mauel,the baseline VAR

from the main text.

Figure A.7: Impulse responses to uncertainty shocks angl lolglaits
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Each panel plots impulse responses to a shock to uncertaihiy models are similarly calibrated.
The baseline model corresponds to the model with deep hadditsated to Euro area demograph-

ICS.

Deep habits generate more hump-shaped and more persetponses. Since

uncertainty shocks are also more inflationary, it also geeeran interest rate re-

sponse that is increasing in uncertainty shocks.

| next consider variations in the monetary policy rule in Baseline model. In

the first variation of the baseline model, the coefficient atpat in the monetary

policy rule is increased to 0.5 from 0.2 in the baseline mddgl= 0.5). In the

Al6



second variation, the monetary policy rule takes the form,

R R_1 Pr T% an(1-pr) Vi ay(1—pr) 10y
R R s
with ay = 0.02 such that the monetary policy rule directly responds tweuainty
as inFernandez-Villaverde et g2015. FigureA.8 plots impulse responses. Con-
sistent withFernandez-Villaverde et &2019 and Fasani and Ros¢R018), both
of the modifications to the monetary policy rule considerad lead to deflationary

uncertainty shocks.

Figure A.8: Impulse responses to uncertainty shocks andetaonpolicy

Baseline Baseline
011 - a-y:O.S - 1t - ay:O.S
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Output response
=)
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Inflation response

Each panel plots impulse responses to a shock to uncertaihiy models are similarly calibrated.
The baseline model corresponds to the model with deep hedlitsated to Euro area demograph-
ics.
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