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Abstract

| construct a novel measure of household uncertainty based on survey data for
European countries. | show that household uncertainty shocks are not universally
like negative demand shocks. Notably, household uncertainty shocks are largely in-
flationary in Europe. These results lend support psieing biasmechanism as an
important transmission channel. A comparison of results across countries suggest
that demographics and factors related to average markups along with monetary pol-
icy play a role in the transmission of household uncertainty to inflation. | develop an
Overlapping Generations New Keynesian model with age-dependent Deep Habits
to rationalize these results.
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There is a growing literature studying macro-uncertaimtgt ds effects on the
economy: Many measures of macro-uncertainty have been proposee iitea-
ture. These are invariably closely tied to financial markptefessional forecasts,
or economic policy. However, an important channel for tla@as$mission of uncer-
tainty shocks is through households’ propensity to conssanee, and work.Con-
sequently, empirical analysis focusing on household nreass crucial to forming
a comprehensive understanding of the macroeconomic iatjaits of heightened
uncertainty. The focus on households is also motivated byotbservation that
periods of significantly heightened macro-uncertaintyup@round large crises in
which households played an important rdlélowever, direct measures of house-
hold uncertainty useful for macroeconomic analysis aréegsgarcé. This 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 unceytaiml compare against
the effects of uncertainty arising from other sources sichrancial markets and
economic policy. Finally, | compare results across coestto gain insight on the
factors influencing the transmission of household una&stdo the macroeconomy

and develop a simple model consistent with the observedtsesu

1See e.gBloom (2009 2014); Jurado et al(2015; Baker et al(2016; Rossi et al(2016, and
Carriero et al(2018.

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.

3See for instancRomer(1990 on theGreat Depressioms well asMody et al.(2012 andRavn
and Ster2017 as recent examples on tkireat RecessiarSee alsdorda et al(2013; Mian and
Sufi(2011); Schularick and Taylof2012); Jorda et al(2015; Piazzesi and Schneid016; Jorda
et al.(2016; Mian et al.(2017).

4Leduc and Liu(2016 use theMichigan Consumer Surveyp study the macroeconomic effects
of household uncertainty in the US. Measures of househotertainty not directed towards or
especially suitable for macroeconomic analysis inclu@e ithBen-David et al(2018 for the US,
Christelis et al(2020 for Dutch households, an@uiso et al(1996 for Italian households.



The uncertainty measure is based on the fraction of houdshaho respond
with Don’t knowwhen answering a few questions in the European harmonized co
sumer survey. Specifically, | use the same forward-lookingstjons used to con-
struct the European Commission’s Consumer Confidence Indipato 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 countriesese features make
it suitable for studying the macroeconomic consequenchsusehold uncertainty.
Further, the harmonized nature of the survey and the largetogpcoverage 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 tiar the
Euro area. For comparison, | also plot alternative Euro aneasures of uncer-
tainty namely the implied (from option prices) volatility the Eurostoxx 50 index
(VSTOXX) as a measure of uncertainty in financial markets duecBaker 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 umzertain. Over
the period 2002-2018, household uncertainty peaked fowggj in June 2003, April
2008, May 2012, and May 2017. These follow closely with the2Dbaq invasion in
theWar on Terror 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.

SHousehold uncertainty peaked 6 months ahead of the VSTOXXt@EPU during the Global
Financial Crisis, just a month prior to ECB President Draghhatever 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 Marchir20



Figure 1: Measures of uncertainty for Europe
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HUN is the Euro area index of household uncertainty. VSTOXié option-implied volatility of
the Eurostoxx 50 index. EPU is tiigaker et al.(2016 measure of economic policy uncertainty
for Europe. For ease of comparison, all three measures oédaimty have been standardized in
this figure. Shaded areas are Euro area peak-to-trough jplsrfoom the Euro Area Business Cycle
Network.

When the measure of household uncertainty is compared witloadlset of
indicators, | find that increases in household uncertaippear to anticipate down-
turns. Periods of heightened uncertainty tend to be foltblayea drop in consumer
sentiment, a perceived worsening of household financespldgput, and high un-
employment. Further, correlations with reported planrngakeaditures and views
on the timing of large purchases suggest that the measui@eg&hold 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 testale largely infla-
tionary in Europe and increases unemployment with a sigmfitag. This is in
stark contrast to the results documented.bgluc and Liu2016 for household un-
certainty in the US. They find that positive shocks to household uncertaintyegais
unemployment and lowers inflation and thus resembles rvegdémand shocks.
The results | document challenge the notion that positivelstito household un-

certainty may universally be interpreted as negative dehsaoncks.

| conduct several robustness exercises to support thimgndi show that the
results are robust to alternative orderings of variableghérecursive identifica-
tion strategy used in the vector auto-regressions. | alsw ghat fluctuations in
household uncertainty do not proxy for sentiment (or shockisst moments of be-
liefs). Third, shocks to alternative measures of housetwot@rtainty 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® in both factor and

panel-based analyses.

SInflationary macro-uncertainty shocks (measured in thetsyi Jurado et a).2015 were also
obtained in the state-level analysishtumtaz et al(2018 for the US and byMumtaz and Theodor-
idis (2015 when studying the impact of US uncertainty shocks on the Béhemy. On the other
hand, Carriero et al(2018 find no statistically significant effect of uncertainty ske on prices
using US data.



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 rigidgigfirms are more inclined
to raise prices when faced with higher uncertafhffhis 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 thamaptfirms sell a
greater quantity of goods at lower margins. On the other hamen prices are
ex-post higher than optimal, the reduced volume in salearisgtly 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 mecharfism.

| also document substantial heterogeneity in responsess&countries. When
compared with a broad set of country characteristics, | firad tliemographic fac-
tors matter. The inflationary effect of household uncetyamincreasing in average
markups, population growth, and life expectancy. It is @soreasing in education
levels. These findings echo thoseR¥n-David et al(2018 and Christelis et al.
(2020 who provide micro-level evidence that factors such as agkeucation

are associated with differences in perceived uncertaitrtyss household$. These

"This is also referred to asgrecautionary pricingeffect in Born and Pfeife(2019. See also
Fernandez-Villaverde and Guerron-Quint£2@20).

8In a related strand of the literature, increased uncegtairay also lead to an increase in the
likelihood and magnitude of price adjustmerBm¢hmann 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®Baley and Blancg2019 for similar results in an imperfect infor-
mation environment.

9See alsdrasani and Ros§2018 on how modifications to the monetary policy rule can affect
the model-implied response of inflation to uncertainty $#sdo Leduc and Liw2016.

10see alsMalmendier and NaggR016 on age-dependent learning in the formation of inflation
expectations,Juselius and Takat®018 for evidence on the secular links between demographics



cross-country comparisons also reveal a new stylized taat,average markups in
countries that have been members of the Euro area since 28@®sitively cor-
related with life expectancy and negatively correlatechveitlucational attainment
(correlation coefficients of 0.44 and -0.33 respectively)s also notable and per-
haps surprising that only income per capita growth is (negis) correlated with
inflationary uncertainty shocks among a host of additionatrmeconomic indica-

tors.

Deep habits in consumption as itavn et al.(2009 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!! In the same way that age influences the propensity to consathe a
save in the life-cycle hypothesispdigliani, 1966, it is quite plausible that habits
in consumption take time to ingrain itself into householdshsumption decisions
and thus intensifies with age. A potential rationalization this mechanism is
that young agents are unsure about the utility value of uarimonsumption bas-
kets while older generations, given repeated experierags eveloped tastes for
specific baskets and hence exhibit stronger habit persistérCombined with the
pricing biasmechanism in New Keynesian models of nominal rigidities, cleat
with age-dependent deep habits could potentially accanrthe observed correla-

tions between demographics, average markups, and intiayiamcertainty shocks.

In light of this evidence, | develop an Overlapping Generai New Keyne-

and inflation, as well a€arvalho et al(2016; Aksoy et al.(2019 andLeahy and Thapa2019 on
demographics, macroeconomic trends and monetary policy.

UFor instanceBronnenberg et a(2012 use detailed consumption data to show that past (brand-
specific) consumption is an important driver of current eonpgtion baskets among US households.
See alscCarrasco et a(2005.

125ee also a related theory on how households learn aboutdpinal consumption-savings
decisions inAllen and Carroll(2001).



sian model with Deep Habits which links demographic factorthe elasticity of
substitution across goods and hence average markups. indtiel, younger gen-
erations have weaker deep habits and contribute to a hitdstrosty of substitution
across goods. Consequently, an aging population is charscidoy lower elas-
ticities and higher average markups. In turn, these lonastieities amplify the
pricing biasmechanism and lead to more inflationary uncertainty sho¥ken
calibrated to demographic and markup patterns observedui@mpean countries, |
find that such a channel can generate the observed corndaticghe data and can
guantitatively account for a fraction of the variation iretimflationary response to
uncertainty shocks. Nevertheless, the simulated resudjgest that other factors
driving differences in average markups as well as in the gohof monetary policy
may be needed to fully account for the observed variatioheérnflationary effects

of heightened household uncertainty.

These results have important policy implications. The sewf uncertainty
matters for its macroeconomic effects for the Euro afe@herefore, policies de-
signed to address the negative effects of macro-unceytag®d to take into consid-
eration the underlying source. In addition, the differahéffects across countries
also indicates that any common policy response in the Ewa iarlikely to gen-
erate heterogeneous effects in the member countries. ficydar, aging societies
such as Italy and Spain are likely to have more inflationaspo@ses to uncertainty

shocks.

The next section describes the data used to construct tipeged measure of
household uncertainty and documents its basic prope&estion2 reports results

on the structural analysis of the macroeconomic impact okkbold uncertainty

135ee alsdianchi et al (20189 who show that supply-side uncertainty shocks may havegéo
effects on investment and inflation relative to demand-gittgertainty.



shocks in the Euro area and across European countries.os8dtitroduces an
Overlapping Generations New Keynesian model with Deep tdabi rationalize
the observed relationship between demographic factoesage markups, and in-

flationary uncertainty shocks. Finally, Sectidgoncludes with some remarks.

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 curmemitons but also con-
tains exogenous variation that could potentially driveitess cycle fluctuations
By and large, the focus on this strand of the literature has loeethe level of

household expectations.

A few studies exploit the cross-sectional dimension of lebiosd 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(2020 validate
the precautionary savings channel using a panel survey whChouseholdsGi-
avazzi and McMaho1{2012 show that precautionary savings behavior following

an increase in political uncertainty manifests as an irsg@a labor supply among

l4See e.gFuhrer 1988 Ludvigson 2004 Barsky and Sim2012 Leduc and Sill2013 Angele-
tos and La’Q 2013 Asriyan et al, 2019 Bhandari et al.2019andLagerborg et a).2019

5Recent 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 vehiclBss et al.(2020 relate US household in-
comes and education levels to households’ forecasts ofadewacroeconomic variables. See also
Michelacci and Paciell§2020 who link UK household beliefs to their preferences and tteal

8



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 amoragi&n households
induce reduced exposures to equity markets. While very ¢paiand rich in the
cross-section, the measures of household uncertaintyingbdse papers are un-
suitable for macroeconomic analysis as they are only dvailar a few periods in

time 16

In this paper, | use the European Commission harmonized oogrsaurvey
to construct country-level measures of household unceytaiseful for macroeco-
nomic analysis. The survey is carried out monthly at theomatlilevel covering all
European Union member states as well as candidate membdriesuAn average
of over 40,000 households are surveyed every month acredsuropean 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, | usedimids’ responses

to the same four questions used to construct consumer sattindices:

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

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

3. How do you expect the financial position of your householdhtange 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 angvileeise questions

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

%0ne recent, although model-based, exception is recent yokkichelacci and Paciell2020)
who extract measures of (Knightian) uncertainty explgitimases in UK household expectations.



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

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

| construct an index capturing household uncertairty \) by measuring the fre-
quency (fraction) oDon’t Knowresponses. Lqg; j+ denote the fraction of respon-
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 householdtairdgy

HUNG = 3 Pej (1)
J

N

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

average) and for the period May 2002 to April 2048.

To help understand what drives fluctuations in the proposeasore of house-
hold uncertainty, | evaluate how it correlates with and ce&ls to other macroe-
conomic indicators and households’ views in other areasthifoend, | 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.

CS|I = > Xjt (2)
J

NP

5
> Zﬁ,j,tﬁi,j,t =
e

N

YCountries were selected based on data availability anddesl 14 of the 19 Euro area countries
as well as the largest (by GDP) European Union member cagriticluding the United Kingdom.
A complete description of the data coverage is provided én&ppendix. Data used in the analysis
is availablehere

10
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where j« = 100% pi jt/ S Pi.j« 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

ZZI(XLJJ —Xi1)?Pij 3)
]

FNGIN

DIS =

Finally, | also construct indices of households’ views ogitlexpected durable
expenditures for the following year, their views on whetlas the right time to
make major purchases, and an index of reported changesdiirtinent 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, consuiftdCP) inflation, the
short interest rate (average overnight rate), and the ulogment rate. The in-
dustrial production and inflation variables are transfatiméo year-on-year growth

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

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 coadgi Instead, the data
suggests that periods of high industrial production groawitl low unemployment
are typically followed by high household uncertainty witban-zero contempora-
neous correlations. It is after periods of heightened hoalseuncertainty that we

observe higher unemployment and lower industrial prodaagrowth. If anything,

11



the measure of household uncertainty anticipates dowsturn

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 consumeatisient (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. VSTOXX is the option-impladtiity of the Eurostoxx 50 index.
EPU is theBaker et al.(2016 measure of economic policy uncertainty for Europe, andsthert
interest rate is the daily market rate (EONIA). Dotted limeflect 95% confidence intervals.

The observed lead-lag correlations suggest that the holegsehcertainty mea-

sure may be more forward- than backward-looking. A consigpattern emerges

when comparing the lead-lag correlations of the househotktainty measure

with unemployment, industrial production growth, consursentiment, and per-

12



ceived changes in household financial situations. Houdelotertainty tends to
rise when these other measures were previously indicgbodtimes. Contempo-
raneous correlations with these variables are near-zefananeases in household
uncertainty tend to be followed by periods when these indisandicatebadtimes.
These results also indicate that the household uncertaiagsure is unlikely to be

driven only by fluctuations in disinterest or apathy of rasents.

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 miation. Consequently,
the succeeding section includes variations to the recurdentification approach

used to identify uncertainty shocks as robustness exsrcise

A few more correlations suggest that the measure for holehgcertainty may
be capturing uncertainty about households’ ability to supheir desired levels of
consumption. Increases in household uncertainty are iassdevith a growing neg-
ative view on whether it is the right time to make large pusd® On the other hand,
higher household uncertainty is also preceded by and isiyalgicorrelated with
expected increases in durable expenditures. This intatpye is also consistent
with Christelis et al(2020 who find that perceived Dutch household consumption

risk is correlated with household employment and incomie ris

The index also captures households’ uncertainty aboutatweany in general.
Two of the four questions used to construct the index refegetoeral 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 highhelaied with each other.

This is consistent with the findings Ben-David et al(2018 for US households

13



who show that there is a high degree of correlation betweasdimlds’ uncertainty
about their own personal finances and their uncertaintytabaaro-level variables.
Further, as shown earlier, the household uncertainty negsaks around events
that are associated with macroeconomic uncertainty. lyjriale relatively weak
correlations with the financial and policy measures of utacety indicate that the

household uncertainty measure captures a distinct typeusces of uncertainty.

2. Macroeconomic impact of household uncertainty

To flesh out the macroeconomic implications of shocks to ébaksl uncertainty
in Europe, | emulate the vector auto-regression (VAR) amalysne byl.educ and
Liu (2016 for the US. The VAR is comprised of a measure for uncertaungm-
ployment, inflation, and interest rates and is estimatedl 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 finspiots the response of
several macroeconomic variables (described in the coluradérs) to a household
uncertainty shock. The second and third rows plot respdondesncial (VSTOXX)

and policy (EPU) uncertainty shocks respectively.

Household uncertainty shocks in the Euro area lead to higfiation. 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 therdtlaed, positive

financial uncertainty shocks do look like negative demaratks as they raise un-

18| 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.

14



Figure 3: Impulse responses to uncertainty shocks

Uncertainty

Unemployment Inflation Interest rate
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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. VSTOXX is the option-imphethtility of the Eurostoxx 50 index.
EPU is theBaker et al (2016 measure of economic policy uncertainty for Europe. ThelsHareas
reflect 68% and 90% confidence sets.

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

shocks arising from the policy uncertainty measure.

The findings on the effects of household uncertainty shookaftation and un-
employment are robust to an alternative identificationtetyawhich assumes that
household uncertainty reacts to all other shocks conteamgmusly 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 identificastrategy. Here we find that
iImpulse responses to household uncertainty shocks hawdrarally unchanged

relative to the baseline results.

15



Figure 4: Uncertainty ordered last impulse responses

Unemployment Inflation Interest rate Uncertainty
0.3 0.2 0.3
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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. VSTOXX is the option-imphethtility of the Eurostoxx 50 index.
EPU is theBaker et al (2016 measure of economic policy uncertainty for Europe. ThelsHareas
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

16



unemployment and is still inflationary.

Figure 5: Impulse responses in a VAR with CSI

Sentiment Uncertainty Unemployment Inflation Interest rate
2 0.08 0.1 0.25 0.25

0.06

004}
f

Sentiment

Uncertainty

20 40 20 40 20 0 20 40 20 40

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 to thedees also lead to higher
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inflation and delayed increases in unemployment. The eandt also robust to a
VAR which includes three measures of uncertainty assatiatth various sectors
(VSTOXX, EPU, and HUN). Here, | still find that uncertaintyatks 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

19For the stochastic pooling of impulse responses, the istteate is assumed exogenous in the
country-level VARs as was done @anova and Papg2007).
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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 shocks. In practice, this need nahhaxplicit component to
the monetary policy rule or process. It is more likely thatasgres of financial and
policy uncertainty feed into the inputs used to formulaterionetary policy stance
and hence leads to a monetary policy rule which implicitgp@nds 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 Are®o help control for
country differences and secular trends, the VAR is augndentdn month-specific

constant terms as well as linear time trends as additiomab@nous) control vari-

20The link between inflation and the monetary policy responsetertainty is further supported
by evidence inMumtaz et al.(2018 who find that the state-level impact of aggregate uncestain
shocks in the US are also inflationarilumtaz and Theodoridi€2015 find that US uncertainty
shocks may be inflationary for the UK economy. See Alsnicchiarico and RosgR015.

21Dots on the upper left quadrant would resemble negative ddmsiaocks. Dots on the upper right
quadrant would be consistent with negative supply shoclats ih the bottom quadrants indicate
expansionary uncertainty shockBasu and Bundick2017 note that this may occur in an econ-
omy without nominal rigidities whereby the precautionaayiags effect of heightened uncertainty
on labor supply leads to higher output consistent with m@rimlence presented iBiavazzi and
McMahon(2012. See also the discussionkernandez-Villaverde and Guerron-Quint2@20.
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Figure 6: Cumulated impulse responses to household uimdgrtyy country
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The dots represent cumulated median impulse responsesa d8month horizon, from one standard deviation

shocks to household uncertainty for 20 European countrigs the Euro area. The cumulated response of
unemployment is on the vertical axis and the cumulated respof inflation is on the horizontal axis. The

impulse responses are taken from a recursively-identifieR ¥stimated with three lags and includes linear
time trends and month-specific constant terms. Countrysade official European Union designations. The

cumulated response of unemployment to household undgriiocks for Greece (EL) is truncated to 4% in the

plot from 10.2% for presentation purposes. The mapping éetveountry codes and country names are given in
TableA.1

For Austria and Latvia, household uncertainty shocks ramsmployment and
lower inflation. However, for many countries such as Italpafd, and Greece,

household uncertainty shocks raise unemployment andionflat

What can account for these differences? Here, the analyBisrimand Pfeifer
(20149 provide some directions on where to look. In their analydishe trans-
mission mechanism of uncertainty shocks, several factbesuate or amplify the
response of inflation to uncertainty shocks. First, aBemandez-Villaverde et al.
(20195 andFasani and Ros¢R018, the conduct of monetary policy plays a role.

While a plausible explanation to account for differencesvieen US and European
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results, since there is a common monetary policy for sevenahtries in our sam-
ple, this is unlikely to be the leading explanation for diffeces across all European
countries. Secondgorn and Pfeifef2014) also show that a higher degree of nomi-
nal rigidities tend to increase the response of inflatiomicentainty shocks. Finally,
the elasticity of substitution between intermediate goadscial to the determina-

tion of markups in the New Keynesian framework, is anothetdia

The theoretical link between markups and the response daitimfil to uncer-
tainty shocks is borne out in the data. | use estimated agemasaykups for 13
countries in the sample and the Euro area fidenLoecker and Eeckho2020
and find a positive correlation between average markupsrdiationary responses
to household uncertain®f. The upper left panel of Figuré plots the cumulated
response, over a 48-month period, of inflation to househo&rtiainty shocks on
the vertical axis and average markups on the horizontal &silso collect a broad
set of country average characteristics over the period -200Z from the World
Bank World Development Indicators database. These chaistate cover a broad
range of economic and social areas and includes measuriés smvariables docu-
mented ilMlumtaz 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 houselnodertainty on
inflation. The upper right and bottom panels of Figireompare 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 bidhrelate positively with

22Markups are averages for 2016. Data taken from Tableleofoecker and Eeckho(2020).
Markups for Europe are paired with impulse responses foEtlre area. See also the appendix for
alternative markup estimates.
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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 sampiethe Euro area. The vertical axes
indicate the cumulated median impulse response, over aat&hrhorizon, of inflation to shocks
to household uncertainty for 20 European countries and tmRBrea. The impulse responses are
taken from a recursively-identified VAR estimated withdHegs and includes linear time trends
and month-specific constant terms. Markups are over the@e&tD16 and taken frorde Loecker
and Eeckhou(2020. Other country variables are indicated on the horizontaés labels and are
averages over the period 2002-2017. Country codes arealffiziropean Union designations. The
mapping between country codes and country names are giveEabieA.L

inflationary responses. In addition, countries with a lagjeare of the adult pop-
ulation with post secondary education tend to also haveitdisgionary responses
to household uncertainty shocks. It is also surprising, taatong a large set of
macroeconomic indicators, only income per capita growthretate (negatively)

with the differential effects of uncertainty on inflatiéf.

Tablel reports regression results of the cumulated response afioflto house-
hold uncertainty shocks on markup estimates and demogréattors. | include

specifications which allow for differences in coefficients £Euro area member

23pdditional regression results are provided in Tablé of the Appendix.
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countries (since 2002) as well as controlling for income gagsita growth which
is one other variable with a significant and negative coti@iawith the cumulated
impulse responses. The regression results in the first tolaenns of Tablel indi-
cate that the positive relationship between markups aratiofl impulse responses
is driven by countries which have been members of the Eumsinee 20024 On
the other hand, the regression results in columns 4 to 12 lkTaindicate that
the relationship between the demographic factors and imrilamnpulse responses
is shared across all European countries in the sample wisignificant difference
between estimated coefficients for Euro area member andn@snber countries in

the sample.

24These results are robust to alternative markup estimat&fopean countries. See the relevant
section in the appendix, in particular Tatfe3, for additional regression results using alternative
sources for markup estimates.
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Table 1: Regression of cumulated impulse responses ofionfled household uncertainty shocks on country variables

Dep. var.: Cum Inflation IRF (1) 2) 3) 4) (5) (6) ) 8) 9) (10) (11) (12)
Constant -1.433  1.939 1.883| -0.475 -0.223 -2.428 -32.576 -49.028 -27.172 4.490 6.905 7.663
(1.131) (1.661) (2.037) (0.530) (0.728) (2.831) (15.949) (20.877) (42.614)(1.918) (2.766) (2.608)
Markup 1.040 -0.707 -0.706
(0.648) (0.810) (0.860
Pop growth 2.713 3.093 4.747
(0.829) (0.938) (2.260
Life exp 0.416 0.638 0.371
(0.203) (0.271)  (0.529)
Secondary Educ -0.155 -0.227 -0.182
(0.065) (0.087) (0.085)
Dum EA -5.609 -5.641 0.122 1.988 -50.647 -61.324 -5.086 -6.259
(2.043) (2.243) (1.382) (2.703) (83.213) (86.846 (4.068) (3.840)
Markup x Dum EA 3.154 3.194
(1.087) (1.369)
Pop growth x Dum EA -2.184 -3.880
(2.712) (3.455)
Life exp x Dum EA 0.603 0.734
(1.037)  (1.081)
Secondary Educ x Dum EA 0.165 0.151
(0.142) (0.132)
Income per cap growth 0.044 0.704 -0.455 -0.714
(0.803) (0.872) (0.768) (0.384)
R-squared 0.189 0.581 0.581| 0.373 0.409 0.433| 0.189 0.307 0.323| 0.239 0.307 0.437
Obs 13 13 13 20 20 20 20 20 20 20 20 20

The dependent variable is the cumulated median impulseonsgp(over a 48-month horizon) of inflation to household

uncertainty shocks. Average markups are for the year 208&aen fronDe Loecker and Eeckho(2020. Other country

variables are 2002-2017 averages for 20 European counti#ained from the World Bank World Development Indicators

database. Dum EA is a dummy variable for Euro area membertgesrsince 2002.

These results indicate that demographic factors may playnaortant role in

the transmission of household uncertainty to the macramogn These are also

consistent with micro-level studie€hristelis et al(2020 document a negative re-

lationship between age and perceived consumption risk grdarich households.

Ben-David et al(2018, on the other hand, find a U-shaped life-cycle pattern in US

households’ uncertaint3en-David et al(2018 also find that lower education lev-

els are associated with higher uncertainty. Furthermbesg results point to a link

between demographic factors and markups, at least for Eeaaaember countries.

Indeed, while cross-country markup estimates are unateelwith demographic

factors for the full sample, I find that the markup estimatespsitively correlated
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with life expectancy (with a correlation coefficient of 0)44r Euro area member
countries (since 2002P. In the next section, | develop a simple model of age-
specific deep habits in an overlapping generations New Kagndramework and
which links life expectancy with average markups. | thenlgst® to what extent
the calibrated versions of the model can reproduce the @apavidence presented

in this section.

3. Demographics, deep habits, and uncertainty

This section presents an Overlapping Generations New ksegmenodel with
Deep Habits which links demographic factors to firm pricirgdpavior and thus the
response of inflation to uncertainty shocks. The model dmawa key insight of
deep habits that consumption habit persistence at the deeelsffectively makes
demand for differentiated goods less elaskayn et al. 2006. It also brings ex-
pectations of changes in future demand elasticity into thieeat 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 ogplify or attenuate the

inflationary effects of heightened uncertainty.

The objective of this section is to quantitatively assessektent to which the
proposed link between demographics, markups, and infeEayamcertainty shocks
through age-dependent deep habits can explain the obseaviation in the data.
As such, | expand on a parsimonious version of New Keynesiaahets 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 instance einmmibdel, agents who

25Correlation coefficients are reported in TaBlé of the appendix.
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enter the economy for the first time do not have a referenceuwoption basket
to form habits around. The Blanchard-Yaari overlapping gainens framework
provides a simple characterization of demographics insesfiife expectancy and
population growth. Similarly, the assumption that deepitisabtensify with age
provides an intuitive and straightforward mechanism wHinks demographics,

average markups, and inflationary uncertainty shéks.

3.1. Households

Time is discrete and denote wilh 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 df @ariod a fraction
g of all household exit the economy such that the mass of halgelgrow at the
rateg® — g every period.

N = (1+0°— g%)'No (4)

Henceforth, all quantities will be expressed in per cagtens. Defingy = g°/(1+
g° —g%), a summary statistic for the age distribution. Then the finvariant 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 indexedilnd labor yielding the following

260ne 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.(2020 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 period$. A symmetric equilibrium for households within

the same age group yield 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.

2'0ne interpretation of this assumption is the presence oflafurectioning social security sys-
tem.
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3.2. Firms

Infinitely-lived firms produce differentiated goods in mgudistically compet-
itive markets and maximize the sum of profits discounted hyskbolds’ average
stochastic discount factog) by choosing labor demand and goods prices subject to

Rotemberg price adjustment co$tsA firm producing good solves the following

problem,
max K Z)qHscDi,Hs (20)
S=
subject to:
Qs = (1-g)B> IR (21)
0 Rt 2
®iy = Ricit—Whit — R - (22)
2 Rt—1
P17
G = xt[ﬁ‘} T (23)
Cit < Vit =Ahit (24)

wherert* is the steady-state inflation rai®js the price adjustment cost parameter
andc = [cidi. The productivity of labor input#y is the same across firms and

follows an auto-regressive process with time-varying tiitya

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

log(oat) = plog(oat—1)+ &vt (26)

28The assumption of Rotemberg adjustment costs relative tlha@echanism may not be com-
pletely innocuous a®h (2020 finds that Rotemberg adjustment costs tend to lead to disimflary
uncertainty shocks relative to Calvo-type nominal rigeit This suggests that uncertainty shocks
may be even more inflationary in a similarly-calibrated madéh Calvo rigidities. See als@scari
and Ross{2012 for differences between Rotemberg and Calvo mechanispecidly when trend
inflation is not zero.
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whereA is steady-state productivityp, and p, are persistence parameters for the
level of productivity and its variances are productivity shocks witkyt ~ i.i.d.N(0O, 0a),
andeg,t are uncertainty shocks witkyt ~ i.i.d. N(0, oy). One might be concerned
that the volatility shocks in the model, which is also reéerto agisk shocks in the
literature is compatible with the household uncertaintiexpresented earlier in the
paper which can also be interpreted as a measuf@ightianuncertainty or ambi-
guity. While a valid concern, a plausible link between the pidshsed uncertainty
shocks and the survey-based measure for household untgitathe data is that
households may opt to respond wiBton't knowin a survey when expected fore-
cast errors (which depend on volatility shocks) are toodarbhis link is explored

in further detail in the Appendix.

The solution to the firms’ problem yield the following optitity conditions,

W/R = AptA (27)
RAct +RAyy = Pl,t‘i‘éEt%R—i-lAc,H-l (28)
R ~ Ot+1 Ri1PRi R
Act— (Cit—0ci_1)—Cit = E ¢ : T
n c,ch( it it 1) it t t-+1 Rt Py Py )
R Bt
-0 T 29
tPlt—l(Plt—l ) (29)

) )

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

the multiplier on demand (equati@?3).
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3.3. Monetary policy and aggregation

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

type rule.

T

R [Rtl} pr [ T ] an(1-pr) {yt ] ay(1—-pr) {gvt} av(1-pr)
ﬁ z

| R y* oy (30)

wherert = R/R_; is the gross inflation rateR",it*, andy* are the steady-state
nominal rate, inflation, and output respectively. The lasint in brackets allows
for a monetary policy response to uncertainty shogigswhenevera, > 0. This
follows from Fernandez-Villaverde et 2015 who show that such an augmented

monetary policy rule can generate deflationary uncertahocks.

Aggregation, a symmetric equilibrium and market-cleagogditions yield the

following equations which characterize the model.

X = C—0c_1 (31)
h = x w (32)
x 7 = BREx I (33)
o
C = Yt—z(ﬁ—"*)z (34)
W = Ay (35)
o ~ = Xt+1 -
Ayt +Act = 1+ 60BE 7 Acti1 (36)

—0
NAct% —C = OPLE; {X%l] Ct17k41(T8 11— 7T°) — OG TR (T8 — 7T°) (37)

R _ R-1 pr T8 19n(1-pr) [y ay(1-pr) Out av(1-pr)
e T (39
Yo = Ady (39)

wherewy =W /R, hy = [hitdi= [hjf(j)d]j, vt = [yidi, andB = (1—g%)B. The
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above equations along with the laws of motion for produttigind 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 structiitesoeconomy only enter

through two parameteré, andé.

The (deterministic) steady state markujs given by,

. N
(n-1) - % 1-1-g)B)

(40)

which is increasing in the degree of habit persisteficEurther, aging or less de-
mographically dynamic economies (layy feature higher average deep habits (see
equationl9) and thus higher markups. The model predicts that agingsesiare

characterized by larger average markups.

3.4. Dynamic implications and responses to uncertainty shocks

The model is calibrated to match the demographic pattem4@oEuropean
countries which have been part of the Euro area since 200#hariduro area as a
whole. One set of parameteg® @ndg?) are set to match the range of values of life
expectancy and population growth. Specificaify/is set to match data on life ex-
pectancy (in quarters after the age of 21) while the enteygats then set to match
the model implied population growth ratg?(— g%). Given values for the demo-
graphic parameters, the parameters relating to deep laatdtsmarkups{, v, and

n) are then set to best match the cross-country demograptiawrage markup

2In particular,%gi = 1121;8:2(;)23- On the other hand, the effect of aging on steady state markup

through the discount factor is negative. Tha@g% ‘é =u (”71)76(?]57(179(,)5).
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patterns. The parametgris set such that the calibrated steady state markup for the
Euro area demographics calibration is closest to the ddta.p@rameterf andv
are then set to match the rest of the range of observed markbjssset of parame-
ters are assumed to be the same across countries in thetfioicadibrations such
that all cross-country variation is due to differences imdgraphics parameters.
Figure 8 reports the implied average markups generated by the atbhr(right
axis) against the data (left axis) with life expectancy omhirizontal axis. While
the calibrated values generate the same positive relaipbgtween markups and
life expectancy as in the data, the variation in steady stai&ups only ranges from
1.60 to 1.63 whereas we observe a range of values from 1.194ar2the data. The
variation in deep habits cannot sufficiently cover the rapigeariation in markups
observed in the data because the impact of deep habits onpsadkepends heavily
on the discount factor (see equatidd). If the discount factor is very close to one,
then variations in the deep habits parameter imply only kohanges to the steady
state markup. This is the case unless the deep habits paraalets implausibly
large values. That is, small variations of the deep habitarpater lead to large
changes in steady state markups if and when it is alreadyoclesg to one. Alter-
natively, if the discount factor were assumed to be lowemttine range of implied

markups from the demographics calibration can also yiettbewranges.

Consequently, | consider a second set of calibrations inlwtiie parameten

is also calibrated to match average markups in the data.

The rest of the parameters are calibrated based on theiter@nd are reported
in TableA.9 of the Appendix. | then solve the model using third order ypdxdtion
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
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Figure 8: Demographics and markups calibration
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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 stochasixcy

State.

Figure9 plots the cumulated response of inflation over a 4-year gefigarious
calibrations of the model matched to demographic and mapkitterns in European
countries®® While variations in demographics and hence the degree of lataieips
can generate a positive correlation between the cumulatggbnse of inflation to
uncertainty shocks and demographics as observed in theitdigtaot sufficient to
match the range of responses of inflation across countriesrange of cumulated
inflation responses produced by alternative demographiliradons represent only
18 percent of the variation observed in the data (filled egcklative to stars in the
figure). On the other hand, the model is able to replicateuhednge of inflation
responses to uncertain shocks once we fully allow for maskopmatch the data
(hollow circles)3? Consistent with the patterns documented in the empiricgisec
of the paper, the model generates inflationary responseceriamty shocks which

are increasing in average markups, population growth #a@Xpectancy.

In sum, the simulation results tell us that (1) variationthie degree of the pric-
ing bias mechanism as captured by differences in averageupgcan generate the
observed variation in the responses of inflation to unaatahocks, and (2) demo-
graphics and age-specific deep habits alone cannot acawuait bf the observed

variation in average markups across countries in Europelétne age-dependent

30The volatility shock is assumed to have a persistence of®.5 0.5) and steady state volatility
isone gy =1).

31See FigureA.8 in the Appendix for a comparison of model-implied impulsspenses relative
to the VAR-evidence documented in Sectiin

32The level difference in model-implied cumulative respanssative to the data is mainly driven
by forcing the calibration to exactly match the Euro areaeokesion.
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Figure 9: Cumulated inflation to response uncertainty accatibrations
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Each dot represents simulations from a particular caliwatof the model. The cumulated response of inflation
over a 4-year horizon is on the vertical axes. The horizoaxals report the implied values of demographic char-
acteristics (panel a) and markups (panel b) for each calilora The size of the uncertainty shock is calibrated
such that the cumulated response of inflation for the catibreof demographics and markups corresponding to
the Euro area is the same as in the data.

deep habits mechanism can generate a positive relatiobstween demograph-
ics and inflation responses to uncertainty shocks, this areésim by itself cannot
generate sufficient variation in average markups to mateligdhge of impulse re-
sponses observed in the data. That is, the results poinétogéd for other factors
which generate differences in average markups. It shoultbbed that this is not
inconsistent with the aims of the model as it is not meant tarbaccurate depic-
tion of (differences in) all aspects of economies in Europearly, other country
characteristics play a role and may differ significantlyossr European countries.
The model is purposely stylized and simplified to emphadiedink between de-
mographics, markups, and inflation. What could help and cemeht the model

mechanisms in matching the empirical observations?
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The literature provides several other leading factors Wwigenerate differences
in average markups across countries as well as the inflayieff@cts of uncertainty
shocks. For instance, the model abstracts from labor madtties which have
been shown to be one channel through which uncertainty shtogksmit to unem-
ployment and inflatiod> More generally, differences in the degree of nominal price
and wage rigidities may play important roles in the différ@responses of infla-
tion to uncertainty. Another candidate is differences & degree of competition

among firms and thsuperstarfirm phenomenor?

Furthermore, the conduct of monetary policy, especiadlgyistematic response
to uncertainty shocks may also be crucial to the inflatioredfgcts of uncertainty
arising from various source§&¢rnandez-Villaverde et aR015 Fasani and Rossi
2018. Indeed, and consistent with the literature, in the Appemdhow that a
modified monetary policy rule with a stronger response t@uiubr one which di-
rectly responds to uncertainty shocks can lead to deflatjomacertainty shocks
in the model. These results suggest that demographics oechvith monetary
policy, and potentially other factors that affect averagekups are needed to quan-
titatively match the varying responses of inflation to uteiety shocks observed

across European countries.

4. 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.

33see e.g.Leduc and Liu(2016; Cacciatore and Ravenr{d020; den Haan et al(2020Q and
Freund and Rendafi2020 for models which focus on a search-and-matching friction.

343ee for instance recent work Bovarrubias et a(2019; Autor et al.(2020; De Loecker et al.
(2020 andDe Loecker and Eeckho(2020).
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| 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.
One explanation may begicing biastransmission mechanism coupled with mon-
etary policy in the Euro area which does not or only weaklypoesls to house-
hold uncertainty shocks. A comparison across countriesanel a link between
demographics, average markups, and inflationary unceytsitocks. In turn, this
suggests that demographics may be related to factors ymgthe pricing bias
mechanism such as the degree of nominal rigidities andi@taes of substitution

(firm market power) crucial to the determination of markups.

This paper proposes one hypothesis relating demograpghesgetage markups
through deep habits to rationalize these observationsd thiat while differences in
demographics can explain part of the results, other chaamel mechanisms would
be needed to fully account for the observed differencessaaountries. The results
presented in this paper points to the need for additionahméla and alternatives.
For instance, the model abstracts from potential links betwdemographics, the
propensity to supply labor, and labor market rigiditiesal#o does not feature a rich
enough asset market to fully explore how the precautionahabior of households
could affect the supply of savings and the demand for as$etgrging riskiness.
Exploring these complementary alternatives is left foufatwork. It should also
be noted that the underlying source of differences in deapgc patterns (e.g. by

immigration) 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-

38



ing the appropriate (monetary) policy response. Furthemabraphic conditions
may amplify or attenuate this policy trade-off. Consequemltifferences 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 consumesysand aug-
mented with macroeconomic variables taken from the Eumo@atistical Data
Warehouse. In addition the economic policy uncertainty sueabyBaker et al.
(2016 is obtained from their website while the option-impliedatdity measure
of uncertainty is taken frortoxx Ltd®> Average markups are taken from Table 1
of De Loecker and Eeckho(2020 and available for 13 of the 20 countries in the
sample. Their estimates for Europe are used in place of atgsifor the Euro area.
These estimated markups are for the year 2016 and are seighkted averages
from firm-level estimates. Finally, additional country cheteristics are obtained

from the World Bank’s World Development Indicators database

The calculation for the various survey-based indices ataildd in the main
text3® The countries and regions covered in the analysis along weitiable de-

scriptions are provided in Tabke 1.

3Shttps://www.policyuncertainty.conandhttps://www.stoxx.com/index-details?symbol=V2TX
36Data 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 CcY DIS Index of household belief dispersion Consumer survey
Czechia cz VSTOXX 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-0-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 Markups Values for 2016 in Table 1 De Loecker and Eeckho(@020
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 World Bank WDI

Trade to GDP
Share industry
Share services

Credit to GDP

Total trade to GDP
Industry value added to GDP
Services value added to GDP

Domestic financial sector credit to GDP

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

Employment to population

Labor force participation rate

Share self-employed

Share vulnerable employment

GINI Index

Employment to population ratio (15+)
Labor force to population ratio (15+)
Self-employed to total employment

ILO estimated share to total employment

World Bank estimate

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

Income share top 10%

Share tertiary educ. (+25)

Share secondary educ. (+25)

Literacy rate

Life expectancy

Income share held by first decile

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

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

Share of population (+15)

Life expectancy at birth in years

World Bank WDI
WorltMEANk
World Bank WDI
World Bank WDI

World Bank WDI

Population growth
Share female
Share rural population

Legal rights index

Annual percent
Percent of total population
Percent of total population

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 2018e WSTOXX and EPU are treated as Euro area vari-
ables.

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

for each of the 20 European countries.

A2


https://www.policyuncertainty.com

Figure A.1: Household uncertainty across Europe
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The panels plot the household uncertainty measure, HUNthf®r20 European countries in the
sample. Shaded areas are Euro area peak-to-trough periods.
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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-g®ar 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) respelgt CSI, DIS, and HUN are indices
of consumer sentiment, dispersion of beliefs, and houdelralertainty respectively. All series are
Euro area averages. Shaded areas are Euro area peak-tgirperiods.
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Robustness of the effects of uncertainty on inflation and umaployment.

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
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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 resjsite 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
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Contemporaneous correlations of the various Euro area mesagfiuncertainty are

reported in Tablé\.3

Table A.3: Correlations of Euro area measures of unceytaint

Csl DIS HUN HUN-Macro HUN-Factor VSTOXX 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
VSTOXX -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

* 0k % % k represent statistical significance at the 10, 5, and 1% retpely.

We also observe similar results when the measure of unogrtiaisome 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, aretdést

rates to shocks to a combination of DIS and HUN.

The inflationary effects of household uncertainty shocksaie even if we ac-
count for uncertainty arising from multiple sources. Fegir4 plots impulse re-
sponses in a VAR much like in the benchmark analysis but witee measures
for uncertainty: VSTOXX, EPU, HUN, Unemployment, Inflaticand Interest rate.
Shocks are identified recursively and variables are ordasaddicated in the pre-
vious sentence. Here we find that uncertainty shocks fronfitla@cial measure,
ordered first, do act like negative aggregate demand shodkai it leads to higher
unemployment and lower inflation and interest rates. Morgartantly, the main

result of the paper is still obtained in that household uiadety shocks (ordered
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third in the VAR) still feature a delayed increase in unempieynt and is still infla-
tionary.

Figure A.4: Impulse responses in a VAR with multiple uncietitameasures

~ VSTOXX EPU HUN 2Unemployment 04 Inflation 0 Interest rate

The panels report median impulse responses to one stanéafdtibn 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 measurecafsihold uncertainty for the Euro
area. VSTOXX is the option-implied volatility of the Eumst 50 index. EPU is thBaker et al.
(2016 measure of economic policy uncertainty for Europe. Thelstareas reflect 68% and 90%
confidence sets.

The results are also not driven by the assumed priors in theday VAR.
Figure A.5 reports impulse responses from a of recursively-identigieocks 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
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Figure A.5: Impulse responses from an OLS-VAR

Uncertainty
0.3 0.1

Unemployment Inflation Interest rate

0050 - .
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VSTOXX

2 0.1 =] 2 03 -
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0.1 0. —
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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 sourcmeasure, of uncertainty is given by the
row labels. HUN is the measure of household uncertaintyHerEuro area. VSTOXX 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.

way to aggregate information across countries. The estimegsumes 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
country-specific impulse responses. In the stochastidmpapproach, 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 mead’ Results are reported in Figuke6

3'Theaverageémpulse response is the averaged impulse response fronteaotry weighted by
the precision by which each impulse response is generateotsBapped estimates of the variance
of impulse response coefficients were used to weigh the isemelsponses.

A9



-0.02

Unemployment

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 and the effects of household unceainty.

To get a sense of what may be driving the heterogeneiety dilsepesponses
to household uncertainty shocks, | collect several courttigracteristics variables
from the World Banks’ World Development Indicators datab&sethe 20 Euro-
pean countries in the sample. | also include variables amul those documented
in Mumtaz et al.(2018 as important factors for heterogeneity across US states.
Each country characteristic is the average from 2002-26itijar in coverage to
the sample used in the VAR analysis. Tabke$ and A.4 report univariate re-
gressions of the cumulated median impulse responses (o%8rmaonth period)
of unemployment and inflation to household uncertainty kkaespectively with

country characteristics as explanatory variables.
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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
Markup 1.04 062 0.10 0.19 13.00
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. Migdkare for 2016 and taken
fromDe Loecker and Eeckho(2020. Other country variables are 2002-2017 averages
for 20 European countries obtained from the World Bank Wbidelopment Indicators
database. The univariate regressions include a constant.te
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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

Markup 132 179 046 0.04 13.00
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 shddieskups are for 2016 and
taken fromDe Loecker and Eeckho@2020. Other country variables variables are
2002-2017 averages for 20 European countries obtained frwrWorld Bank World
Development Indicators database. The univariate regoessinclude a constant term.
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Correlation of country characteristics.

Table A.6 reports the correlations of country variables that werenébto be
most correlated with the variation in cumulated inflatiospenses to household
uncertainty shocks. The left-most columns report con@tat using all available
observations while the right-most columns report correfet when the sample is

restricted to the 10 countries who are also part of the Ewra.ar

Table A.6: Correlations of country characteristics

Full sample Euro area

Markup Pop growth Lifeexp Sec Educ Inc growth | Markup Pop growth Lifeexp Sec Educ Inc growth

Markup 1.000 0.036 -0.106 -0.053 -0.259 | 1.000 0.090 0.443 -0.313 -0.708
(13) (13) (13) (13) (13) (10) (10) (10) (10) (10)

Pop growth | 0.036 1.000 0.802 -0.195 -0.780| 0.090 1.000 0.600 0.244 0.031
(13) (20) (20) (20) (20) (10) (10) (10) (10) (10)

Life exp -0.106 0.802 1.000 -0.216 -0.912| 0.443 0.600 1.000 -0.270 -0.441
(13) (20) (20) (20) (20) (10) (10 (10 (10 (10)

Sec Educ -0.053 -0.195 -0.216 1.000 0.403 | -0.313 0.244 -0.270 1.000 0.555
(13) (20) (20 (20) (20) (10) (10) (10) (10) (10)

Inc growth -0.259 -0.780 -0.912 0.403 1.000 | -0.708 0.031 -0.441 0.555 1.000
13) (20) (20) (20) (20) (10) (10) (10) (10) (10)

The table reports Pearson correlation coefficients. Figureparentheses are the number of observations (countrgs) to
calculate correlations. Correlation coefficients in thesfaolumns on the right are restricted to Euro area countridarkups
are 2016 estimates froe Loecker and Eeckho(@020. Other country variables are 2002-2017 averages obtaiineah
the World Bank World Development Indicators database.

For the full country sample coverage, only income per cagitavth correlate
(negatively) with markup estimates. Population growth lefiecexpectancy are pos-
itively correlated with each other and both are negativelyalated with the share
of the population with post-secondary education. In tulmpuation growth and
life expectancy are negatively correlated with income @gita growth while the
share of the population with post-secondary educationsgipely correlated with
income per capita growth. When the sample is restricted to Btga countries,

average markups are now positively correlated with lifeestancy and negatively
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correlated with post-secondary education.
Robustness to alternative markup estimates.

| collect additional markup data for the countries in my sénfigpm Christopoulou
and Vermeulei2012 andWeche and Wambad018.38 There are substantial dif-
ferences in the coverage of the markup estimates. FirskuparfromDe Loecker
and Eeckhou(2020 are estimates for 2016 and covers 13 countries in my sample,
10 of which are in the Euro aréd. Further, their estimates fduropeare used
in place of an estimate for the Euro area. On the other hand esmates for 8
countries, all of which are in the Euro area, as well as the lanea estimates of
Christopoulou and Vermeulg2012 which are averages for the period 1981-2004.
Finally, | take 7 country estimates froieche and Wambad2018 of which three
are in the Euro area and which are averages over the perictZ®. All three

sources provide estimates for Belgium, Germany, and Finland

To make these markup estimates comparable, | standardige #stimates in
terms of percentage deviations from estimated markups éom@ny in each of the
respective sources. In turn estimates for Germany acraessesoare normalized to
equal the value iDe Loecker and Eeckho2020. TableA.7 reports estimated
correlations across these markup estimates along witrathele coverages. Given
that all of the country estimates @hristopoulou and Vermeulegf2012 are also
represented in the estimates fr@we Loecker and Eeckho(2020), it is relatively
not surprising that there is a strong positive correlatiorihie markup estimates

across these two sources. On the other hand, estimatedfemine and Wambach

38Estimates fromChristopoulou and Vermeule(2012) are taken from Table 1 and reflect all
sector averages over the period 1981-2004. Estimates \Weohe and Wambac{2018 are the
same as those used in Figure 5 of their paper and reflect @sfaigthe period 2007-2012. | thank
John Weche for graciously providing their detailed data.

39These are taken from Table 1 of their paper.
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(2018 which are predominantly for non-Euro area countries aneviatch only
four overlap with estimates frorbe Loecker and Eeckho2020, it is also not
surprising to find no strong correlation between estimata® fthese two sources.
It should also be noted that given the differences in timéopsrcovered, and par-
ticularly differences in trend movements in average maslkagross countries which
are also documented in these references, that the lack odragstorrelation need
not indicate inconsistency. Finally, the correlation betw markup estimates from
Christopoulou and Vermeulg8012 andWeche and Wambaq2018, which cov-

ers three Euro are countries, is positive.

Table A.7: Correlations of markup estimates

Markup (DE) Markup (WW) Markup (CV)

Correlations

Markup (DE) 1.00 -0.11 0.68
Markup (WW) -0.11 1.00 0.68
Markup (CV) 0.68 0.68 1.00
Coverage
Period 2016 2007-2012 1981-2004
Countries
Austria Yes No Yes
Belgium Yes Yes Yes
Czechia No Yes No
Germany Yes Yes Yes
Denmark No No Yes
Greece No No Yes
Spain Yes No Yes
Finland Yes Yes Yes
France Yes No Yes
Hungary No Yes No
Italy Yes No Yes
Netherlands Yes No Yes
Portugal No No Yes
Sweden No Yes Yes
Slovakia No Yes No
United Kingdom No No Yes

Markup (DE) are taken frorde Loecker and Eeckho(2020, Markup (WW) are from
Weche and Wambag¢B018, and Markup (CV) are fronChristopoulou and Vermeulen
(2012.

FigureA.7 plots these standardized markup estimates against thelateave-
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sponse of inflation to household uncertainty shocks. Litfikédines (dashed) are
also included for reference. The figure indicates a posi@lationship between
markups and inflationary household uncertainty shocks wisémg the estimates
from either De Loecker and Eeckhoy2020 or Christopoulou and Vermeulen
(2012. On the other hand, a negative relationship is apparenbwhlig estimates
from Weche and Wambad®018. This difference seems to be driven by the degree
to which the various estimates cover Euro area countrieBalieA.8, | regress the
cumulated median impulse response of inflation to housetiotertainty shocks
against these three sources of estimates for markups ahdiéna specification
which interacts markups with a dummy variable for Euro aresnioer countries.
| also include a specification which adds as an additionalrobuariable income
per capita growth which is also one country characteristib @ strong correlation
with the documented cumulated impulse responses.

Figure A.7: Alternative markup estimates
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The dots represent cumulated median impulse responsesshiocks to household uncertainty
against average markup estimates fr@e Loecker and Eeckho(2020; Weche and Wambach
(2018 andChristopoulou and Vermeulg2012).
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The regression results, particularly the coefficients rgabin columns 2,3,7
and 8 of TableA.8, confirm the hypothesis that there is a positive relatignéie-
tween markups and inflationary household uncertainty shémkEuro area coun-
tries. On the other hand, regression results when usingaigs from\Weche and

Wambach(2018 which cover mostly non-Euro area countries suggest a ivegat

relationship.

Table A.8: Regression of cumulated impulse responses atimrfi to household uncertainty shocks on markups

Dep. var.: Cum Inflation IRF (1) (2) 3) 4) 5) (6) @) (8)
Constant -1.433  1.939 1.883| 20.199 20.841 16.660 -8.548 -4.277
(1.131) (1.661) (2.037) (4.425) (5.321) (3.990) (3.874) (5.087)
Markup (DE) 1.040 -0.707 -0.708
(0.648) (0.810) (0.860
Markup (WW) -15.018 -15.198 -14.994
(3.352) (4.066) (2.686)
Markup (CV) 6.731  3.987
(2.912) (3.576)
Dum EA -5.609 -5.641 -11.094  -5.005
(2.043) (2.243) (20.969) (14.115
Markup (DE) x Dum EA 3.154  3.194
(1.087) (1.369)
Markup (WW) x Dum EA 7611  4.962
(15.727) (10.451
Income per cap growth 0.044 1.574 -1.065
(0.803) (0.712) (0.866)
R-squared 0.189 0.581 0.581| 0.801 0.838 0.953| 0.471 0.594
Obs 13 13 13 7 7 7 8 8

The dependent variable is the cumulated median impulseonssp(over a 48-month horizon) of inflation to household
uncertainty shocks. Markup (DE) are for the year 2016 anétaflkomDe Loecker and Eeckho(2020. Markup (WW) are
averages for the period 2007-2012 frafveche and Wambad¢R018. Markup (CV) are averages for the period 1981-2004
from Christopoulou and Vermeulg2012. Dum EA is a dummy variable for Euro area member countriesesR002.
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Model and calibration appendix.

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

Table A.9: Calibrated parameters

Parameter Symbol Value Target
Demographics index g 0.0041-0.0043 Cross-section of life expectancy and population growth
Deep habits ] 0.9028-0.9209 Cross-section of markups
Discount factor B 0.99 Annual real rate of 4%
Risk aversion o 3 Following Ravn et al(2010
Inverse labor elasticity K 0.5 Following Ravn et al(2010
Demand elasticity n 3.02 European average markups
1.92-7.09 Country-specific markups
Price rigidity [ 17.5 Equivalent to average Calvo price duration of 3 quarters
Monetary policy
Persistence or 0.925 Determinacy Zubairy, 2014
Inflation coefficient an 1.5 Conventional values
Output coefficient ay 0.2 Conventional values
Uncertainty coefficient  ay 0.0045 Range of deflationary uncertainty shocks
Productivity
Mean A exp(5.85) Steady state laboh) of 0.33
Persistence Pa 0.96 Fernald(2014
Volatility Oa 0.008 Fernald(2014

The parameter for demand elasticity is set to 3.02 in thedesof calibrations

which gives rise to steady state markup of 1.61 equal to thegaan average in

the data. In the second set of calibrations where the paesngeset to match

observed markups in the data (ranging from 1.19 to 2.54)p#rametemn takes

values between 1.92 and 7.09.

It should be noted that the parameters relating to monetligypare different

than those typically assumed in the literature. Notablg, gkrsistence parameter

is significantly larger at 0.925. This is because of alteretkaninacy conditions

in New Keynesian models with deep habits (Zedairy, 2014). Since deep habits
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can lead to self-fulfilling demand expectations and consetiy indeterminacy, the
persistence parameter in the monetary policy rule has bdarged to ensure deter-
minacy in all calibrations for the deep habits parametertHeu the calibrated value
of the uncertainty coefficient in the monetary policy ruldager but close to the
0.005 value inFernandez-Villaverde et g2015. This small adjustment was done
to better match the range of observed inflation impulse mesg®to uncertainty

shocks in the data.

For reference on the implications of deep habits in the mdldelnext two figure
shows impulse responses to an uncertainty shock in a siyndalibrated standard
New Keynesian model, the baseline New Keynesian model waepChabits, and
two variations of the baseline model. The baseline modeésponds to the calibra-
tion for the Euro area. The standard New Keynesian modehiasiy calibrated to
the baseline except that the deep habits parameter is satt@azd monetary policy
does not respond to uncertainty shoctg € 0). A second version of the standard
New Keynesian model in which the monetary policy rule in€lsihn uncertainty
term is also simulated. Figu#e.8 plots impulse responses over a four-year period
to uncertainty shocks from the standard New Keynesian makeINew Kenye-
sian model with the augmented monetary policy rule, thellresealibration of the

model, and the baseline VAR from the main text.

Deep habits generate more hump-shaped and more persesponses. 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 Haseline model. In
the first variation of the baseline model, the coefficient atpat in the monetary

policy rule is increased to 0.8 from 0.2 in the baseline mddgl= 0.8). In the
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Figure A.8: Impulse responses to uncertainty shocks angl loleleits
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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 hedditsated to Euro area demograph-
ics.

second variation, the sensitivity to uncertainty shockaised to 0.045 from 0.0045
(ay = 0.045). FigureA.9 plots impulse responses. Consistent widrnandez-
Villaverde et al.(20195 andFasani and Ros$R018, both of the modifications to

the monetary policy rule considered can lead to deflationapgrtainty shocks.
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Output response

Figure A.9: Impulse responses to uncertainty shocks andetaonpolicy

— NKDH ay=0.8 — NKDH ay=0_8

0§~ = = NKDH a =0.045 - 11 - = NKDH o =0.045
=—g=—= NKDH Baseline === NKDH Baseline
087
o)
@ 0.6
<)
o
o
= 04
C
o)
&
"_E 0.2

0 5 10 15 20 "0 5 10 15 20

Each panel plots impulse responses to a shock to uncertddiher than the specified parameters,
the models are similarly calibrated. The baseline modetegponds to the model with deep habits
calibrated to Euro area demographics.
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Volatility shocks in the model and the survey-based houselw uncertainty

measure.

In the following, | propose a plausible link between uncetiashocks in the
model and the survey-based measure of household uncettiakein from the data.
First, we can simplify the characterization of model-ineglihouseholds’ expecta-
tions on the future state of the economy with productivitgvgth as it is the only
variable hit with shocks in the model. That is, in respondiaga hypothetical
survey, one can assume that model-implied household viewthe state of the

economy is reasonably approximated by their views on prindtycgrowth.

In the model, productivity growth is given by,

a2 =109 4% ) = (1 pa)(100(A) - 10g() + O 18t

wherega 1 ~ i.i.d. .40, ag) andlog(oat+1) = pvlog(0at) + &vt+1. Conditional
on information available to the households at tinthe growth forecast is a Normally-

distributed random variable.

Gt ~ A ((1—pa)(log(A) —log(Ar)), ,g,t+1|t0§)

If we assume that, when responding to a survey, househalgeme withg; ;¢ only
if the associated expected forecast error is within sorrmtlmdsj2 which differs
across households, then a househohdll choose to answer the optiddon’t know

when the expected forecast error variance exceeds thesttoid.

Suppose this threshold is log-normally distributed withame and variance
V2, log(sf) ~ .4 (§,v?) in the cross-section of households. Then, the fraction of

households who choose the optiDon't know- the household uncertainty index

A24



(HUN,) - is given by,

Vv

log(o2,  ,.02)—8§
LR

where®() is the standard normal cumulative density function bfdiN; is an in-
creasing function of volatility shocks,;. Note further that the volatility shocks in
the stochastic volatility setting adopted in this paperseme resemblance to the

way that ambiguity shocks are introducedlut and Schneide2014).
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