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Abstract

| document a statistical link between old-age dependentigsrand average
markups. | propose that a mechanism whereby householdogeleep habits in
consumption as they age could explain this feature of thee diahow that when this
mechanism is embedded in an overlapping generations Newdsen model, the
slope of the New Keynesian Phillips Curve flattens as the @b ages. Further,
the contractionary effects of monetary policy surprise®otput are amplified but
take longer to materialize.
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Demographic aging is one of the most predictable changésiduay economies
currently face. Several countries, notably Japan and mauagtdes in Europe, al-
ready have more than a fifth of the population aged 65 and owtttlas is only
expected to grow larger. Consequently, many studies hakedhbiato the economic
implications of aging. However, these have primarily faadi®n the implications
on savings and wealth, rates of return on assets, and labtetsa In contrast,
relatively less attention has been placed on how agingtaffmmsumption behav-
ior in dimensions other than with regard to life-cycle camgtion-savings patterns.
In this paper, | study the implications of aging on aggregatesitivities to price
changes and draw out implications for firm market power aecctinduct of mon-

etary policy.

First, | document a new stylized fact, that average markupgasitively corre-
lated with the old-age dependency ratio especially for gl countries. | show
that this correlation is not driven by common trends, brdaacsural changes (e.qg.,
the shift towards services), or other potentially confdngdactors. Focusing on re-
sults using a sample of OECD countries, the average incredise share of the old
from 1980 to 2016 could account for about 10% of the increaseerage markups

in OECD countries over the same period.

There are several possible mechanisms that could explaimefationship. A
relatively direct explanation would be that householdsigedly become price in-
sensitive as they age. Indeed, several studies have &tlilpart of the observed
increase in markups to declining price sensitivities of seholds Brand 2021

Doepper et a).2022 Atalay et al, 2023. It is quite reasonable to think that peo-

1See e.g.Krueger and Ludwig(2007); Ferrero(2010; Carvalho et al(2016; Aksoy et al.
(2019; Rachel and Summei@019; Gagnon et al(2021); Auclert et al.(2021); Acemoglu and
Restrepd2022); Joneq2022 andMaestas et a(2023.



ple slowly develop tastes and preferences for a specificdooarproduct as they
get older. Over time, households would start consumingiBpé&cands which they
prefer. As households age, they accumulate brand loyaltyaae less likely to
try out other (and new) brandB¢rnstein 2021). Across households, these prefer-
ences would vary and give rise to a phenomenon referredrizlas consumptioas
described ifNeiman and Vavr&2023 whereby individual households would con-
sume a few brands or varieties but households in the aggregasume a diverse
variety of products. In turn, such an accumulatiorbdnd capitalwithin individ-
ual householdsBronnenberg et gl2012 would allow firms to charge more for the
products that they sell. Therefore, as households age, dirersble to charge higher

markups.

This hypothesis is not altogether neWarks and Barte(l1973 speculated as
much several decades ago after examining differencesaa plasticities of house-
holds across several OECD member countries. They founddhbatres with older
households tended to be more price inelastic on averagere Thalso more re-
cent evidence corroborating this hypothedische consumptiois more prevalent
among older households relative to the yodrigprnstein(2027) find that older US
households tend to be more persistent in consuming the seandgand are less
likely to try out newer brands. In this paper, | also show thder households tend
to care more about non-price characteristics when makiond faurchases using

European household survey data.

Motivated by these features in the data, | focus on this m@shaand develop
a model of age-dependent consumption preferences to driathveimplications of

aging on market power and the conduct of monetary policy. Sthding point of

2See Figure 3 ifNeiman and Vavr§2023.



the model is deep habits in consumptidtayn et al. 200§. Deep habits at the
differentiated goods level critically affects the abiliy monopolistic competitive
firms to extract markups from sales. Further, it is reas@abbssume that deep
habits are formed over households’ lifetimes making thedaggeibution an impor-
tant determinant to aggregate deep habits and thus the ehdpmand curves that
firms face. | embed deep habits formation in a basic New Kegndsamework
augmented with Blanchard-Yaari overlapping generatioléith this mechanism,

an aging population results in higher average markups eldvy firms.

The mechanism | propose differs from the modeatiche consumptiom Neiman
and Vavra2023. Markups are unchanged Neiman and Vavr§2023 as compet-
itive forces from an increase in the number of aggregatestias consumed cancel
out the additional market power that firms get as househaldsentrate more on
consuming their preferred varieties. On the other hand,apolistic competitive
firms in my model take full advantage of declining price stvities as households
age leading to an increase in markdgdy mechanism is closer twonsumer inertia
described irBornstein(2021). While Bornstein(2021) focuses on the implications
of aging-induced increase in consumer inertia on the faonaif new firms and
business dynamism, | focus on the implications of aging+«edl increase in habits

on the pricing decision of firms and monetary policy.

The model predicts that aging-induced increases in avelegehabits results in
higher market power by firms. In turn, and with Rotemberg paidgistment costs,

we also get a flattening of the New Keynesian Phillips Curves Thbecause, as

3See e.g.Ravn et al(2010; Lubik and Tea(2014); Zubairy (2014; Leith et al.(2015 for other
examples of New Keynesian models with deep habits.

4In contrastFeenstra et a(2022) are able to link consumer preference heterogeneity wittketa
power in that they assume non-negligible fractions of comengroups have similar preferences that
differ across groups.



earlier pointed out ih.ubik and Teo(2014), deep habits brings expectations regard-
ing changes in future demand into the current pricing proldéfirms. This makes
firms more reluctant to change prices (and thus their mati@e3 in response to
shocks today. Moreover, monetary tightening becomes monéractionary and
more persistent. When the model is calibrated to match deapbgr and markup
developments in Japan over the last few decades, | find thaththinges due to de-
mographic aging can acount for almost four percent of theeae in markups (as
opposed to an average of 10% estimated from OECD data). Mquertamtly, in
conjunction with other developments that raise firm mark&tgr, demographic ag-
ing has a significant impact on the worsening of the inflaboitput trade-off faced
by monetary policy accounting for nearly a third of the irage in the output cost

of disinflation?

It should be noted that | do not claim that demographic agrige most impor-
tant driver of observed changes to markups charged by firtie@iope of the New
Keynesian Phillips Curve. The results from the calibratedleh¢hemselves high-
light that other factors are more important in these respdétirther,De Loecker
and Eeckhou2020 (andDe Loecker et a).2020 show that the increase in aver-
age markups across countries over the last few decadesrbalylbeen driven by
the right tail of the markup distribution and that reallocatof market share from
low- to high-markup firms plays an important réién follow-up work, De Loecker
et al.(202)) identify productivity and market structure as key factiorthe increase
of markups whileLiu et al. (2022 propose a low-interest rate environment as con-

ducive to increasing market concentration and market power

5The output cost due to disinflation used in this paper is ¢afed with respect to a temporary
reduction in inflation, e.g., when the monetary authority leemed it to be currently too high, and
not a permanent reduction in the inflation rate (target).

6See also the rise sluperstarfirms who charge higher markupsAwtor et al.(2020).



With regard to the role of demographic changésavino et al (2022 link ag-
ing with reallocation of production by arguing that oldeniseholds consume more
service-related products which tend to have higher markipswvever, the styl-
ized evidence | present indicate that sectoral realloonatmes not present a com-
plete picture of the link between aging and markups. Spedlficthe correlation
between aging and markups that | find in the data controlstfactiral changes
(e.g., the share of services, size of government, finaneialdpment, labor market
conditions, and trade). Furthddpepper et al(2022 among others point out that
markups have also increased within product categories. udls, she mechanism
that | highlight provides a complementary explanation iligkfirm market power

and demographic aging.

The results | provide complement the broader literatureriqn demographics,
inflation, and monetary policy. Recent studies focus on thd@igations of aging
on inflation and monetary policy arising largely from aginguced changes to the
natural rate of interestJuselius and Taka{8021) provide evidence linking demo-
graphic changes to low frequency variation in inflati&matagiri et al.(2020 show
that under the fiscal theory of the price level and when fischties are determined
via maximizing the welfare of current voters, an increaskfénexpectancy is de-
flationary while a fall in the birthrate is inflationary. Redarg the implications
of aging on the effectiveness of monetary policgahy and Thapaf2022 argue
that the age distribution materially affects entrepreia@activity while Bornstein
(2027]) relates aging to the formation of new (and smaller) firmslaente the com-
position of firms who would respond differently to monetanlipy.2 | propose an

aging-consumption mechanism as an additional channel.

’See e.g.Fujiwara and Teranisi{2008; Bullard et al.(2012; Goodhart and Pradhd@020).
8See alsd.iang et al.(2018 andAksoy et al.(2019.



My results linking demographic aging with the flattening bétNew Keyne-
sian Phillips Curve adds to the literature examining whethePhillips Curve has
indeed flattened. This is a topic that has garnered much elerate the Great
Recession and the apparent transition of the US economydeveaicular stagna-
tion. Many have argued that the Phillips Curve has been flatdore time already
(Blanchard 2016 McLeay and Tenreyrd2019 Del Negro et al.202Q Stock and
Watson 202Q Barnichon and Mester2021). This is corroborated with evidence
from Hazell et al.(2022 who also find that the slope of the US Phillips curve was

small even as far back as the 1980s.

The anchoring of inflation expectations is one of the more room reasons
brought up to explain a flat(ter) Phillips Curve. Other explians propose non-
linearities and state dependencies in nominal rigiditesua explanation for why
the slope declines as trend inflation fall(bes et a).2021, Costain et a].2022
or shifts in production networksHoeynck 202Q Rubbq 2023. Closest to the
channel | propose is the one suggesteflufiwara and Matsuyam@022 whereby
a shift towards less market competition can account for thitlobserved increase in
markups and decline in estimated slopes of the Phillips Cdrlie results | provide
suggest that demographic aging may also contribute tdyagxplaining the trend

increase in markups and the trend decline in the slope ofhiigpB Curve.

The next section provides some evidence on the statisintabetween the age
structure and markups. Secti@dimtroduces an Overlapping Generations New Key-
nesian model with Deep Habits to rationalize the observétioaship between
demographic factors, average markups and the price etgsifdiouseholds. Sec-
tion 3 draws out the implications of demographic aging on firm migpkever and

the conduct of monetary policy. Finally, Sectidrroncludes with some remarks.



1. Demographicsand markups

| collect data on annual macroeconomic and socio-demograpdicators cov-
ering 40 countries over the period 1980 to 2016 from the WBddk World De-
velopment Indicators. These are matched to estimates ohgeenarkups from
De Loecker and Eeckhoii2020. The sample consists of a mix of both OECD
member and non-member countries. Descriptive statighiedjst of countries cov-
ered, and the sample coverage per country are reported iendipptablesA.1 and
A.2. On average, life expectancy, the share of old-age depé&hdmmd markups
have grown over time while the share of the young and pomulagrowth have
both declined (see Figur&.1 in the Appendix). These are also generally more

readily apparent for developed or OECD member countriesars#imple.

1.1. Empirical evidence on therelation between the age distribution

and markups

A univariate regression of markups on several demograplstofs show a pos-
itive correlation between average markups and the agendepey ratio, life ex-
pectancy, population growth, the fertility rate, and tharstof female to total popu-
lation® These are, of course, simple correlations and very likebetspurious. We
have not accounted for potential common trends or crosetopéactors that may
generate these correlations. The demographics varidi#daesselves are highly cor-
related with each other. To take into account these coraides, | regress markups
on combinations of demographic factors as well as year andtopfixed effects

(standard errors clustered by country). In addition, sevantrol variables are in-

9See TableA.3 in the Appendix. | also find that net migration is not statialiy correlated with
average markups.



cluded in these regressions to capture differences in esignstructure, financial
development, and labor market characteristics. In pdaticthe list of control vari-
ables include real GDP, the ratios of the current accounttatad trade to GDP,
government spending as a fraction of GDP, savings to GDPttanghare of ser-
vices to GDP as factors relating to economic structure. Heuyrtvariables such as
the labor force participation rate, the unemployment rate] population density
are used to control for labor market characteristics wihigeratio of stock market
capitalization to GDP and domestic credit to GDP are useddount for financial

development. Tabl& reports results from these regressions.



Table 1: Multivariate regression of markups on demographic

Dep. var.: Markups Q) (2 3) 4) (5) (6)

Age dependency ratio (total) 0.009** 0.009** 0.006*  0.004*
(0.00) (0.00) (0.00) (0.00)

Share young to total pop. 0.014*  0.008*
(0.01) (0.00)
Share old to total pop. 0.017*  0.015*
(0.01) (0.01)
Share female to total pop. 0.024 -0.144* -0.089* -0.057 980 -0.071*

(0.03) (0.08) (0.05) (0.04) (0.05)  (0.04)

D.Life exp. at birth (years) 0.062 0.042 0.013 0.012  0.015 015.
(0.04) (0.03) (0.02) (0.03) (0.02)  (0.03)

Population growth(annual %) 0.051* -0.016 -0.012 -0.004 .0tQ 0.000
(0.03) (0.02) (0.01) (0.01) (0.01)  (0.01)

L.Markups 0.428* 0.489*** (0.425** (0.492***
(0.19)  (0.12)  (0.19)  (0.12)

Additional controls NO YES YES YES YES YES
Fixed effects Y,C Y,C Y,C Y,C
Observations 1356 628 628 628 628 628
Adj. R-sq. 0.584 0.758 0.805 0.805

AR(1) p-value 0.000 0.000
AR(2) p-value 0.914 0.884

*** and *** indicate statistical significance at the 10, 5and 1% levels. Cluster-robust standard errors (by country)
and robust standard errors for the dynamic panel regressiare reported in parentheses. The table reports multivaria
regressions of average markups on combinations of dembgrdgctors and several control variables. Data is annuatian
covers the period 1980-2016 for 40 countries. For the Ar@iBover-Blundell-Bond dynamic panel regressions, presl
from tests of residual serial correlation up to 2 lags areateported. Control variables used, but not reported, aral re
GDP, the ratio of current account to GDP, the ratio of totade to GDP, the ratio of government expenditures to GDP, the
savings to GDP rate, the share of Services sector valueecatil&DP, the labor force participation rate, the unemployne
rate, population density, the ratio of stock market cajtation to GDP, and the ratio of domestic credit to GDP. Pafiredd
effects regressions include year and country fixed effects.

Column 1 of Tabléel reports results from a regression with only the demograph-
ics variables and country and year fixed effects while col@meports results once
the additional control variables are included in the speaiiion. | find that the age-

dependency ratio and possibly the share of female to tofallpton remain signif-
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icantly correlated with average markups. | include laggedkmps in the regression
specifications reported in columns 3 and 4 using panel fixedtsfand a dynamic
panel regression respectively. In these regressions,gaa@pendency ratio re-
mains a statistically significant predictor of average mpsk Finally, columns 5
and 6 report panel fixed effects and dynamic panel regressguits when the age
dependency ratio is split into the share of the young and efateddents. Here |
find that both the share of the young and old dependents nfattre correlation
between age-dependency and average markups. Using tlieieogkestimates in
columns 5 and 6, a 5.2% increase in the share of the old agedepis (the aver-
age increase in the sample from 1980 to 2016) would raiseupary 0.08 to 0.09
which is between 16% to 18% of the average increase in markugiee sample

over 1980 to 2016.

| repeat the regression exercise using sub-samples of the dia particular,
| split the sample across three periods and into OECD-memiznan-member
countries. Regression results are reported in TAbféolumns 1 to 3 report results
when the sample is split into three time periods, 1980-19993-2004, and 2004-
2016 respectively. Columns 4 and 5 report results when licestre sample to
OECD member and non-member countries respectively. | findthieacoefficient
on the share of young dependents is no longer statistiagiyfieant in any of the
sub-samples. On the other hand, the coefficient on the sliarkel @dependents
remain statistically significant and positive for the lattwo-thirds of the sample
(covering 1992-2016) and for the OECD member country sulpganUsing the
coefficient estimates from column 4, an increase of the sbfeoel age dependents
by 6.2% (the change in average shares for OECD countries f&80 fio 2016),
would increase markups by 0.07 or about 10% of the increaaedrage markups

in OECD countries from 1980 to 2016.

10



Table 2: Regression results: Subsamples

Dep. var.: Markups 0} (2) 3) 4) (5)
Sample 80-92 92-04 05-16 OECD non-OECD
Share young to total pop. -0.006 0.048 0.015 0.002 0.003
(0.02) (0.03) (0.01) (0.00) (0.01)
Share old to total pop. 0.013 0.061* 0.029**  0.011* -0.008
(0.05) (0.04)  (0.01) (0.01) (0.02)
Share female to total pop. -0.021 0.170 -0.108** -0.069* 76.0
(0.19) (0.25)  (0.05) (0.04) (0.05)
D.Life exp. at birth (years) -0.107* 0.097 -0.015 -0.028 gm0
(0.06) (0.07)  (0.03) (0.02) (0.07)
Population growth(annual %) 0.062 -0.013 0.022 0.030**  01Q
(0.04) (0.04) (0.02) (0.01) (0.02)
L.Markups 0.238 0.180 0.581*** 0.814*** 0.397**
(0.17) (0.17)  (0.06) (0.05) (0.10)
Additional controls YES YES YES YES YES
Observations 158 374 452 591 393
AR(1) p-value 0.027  0.046 0.002 0.003 0.074
AR(2) p-value 0.316 0.131 0.797 0.358 0.129

*** and *** indicate statistical significance at the 10, Bnd 1% levels. Robust standard errors are reported in paren-
theses. The table reports Arellano-Bover-Blundell-Boydaanic panel regressions of average markups on combiratibn
demographic factors and several control variables. Thalues from tests of residual serial correlation up to 2 lags also
reported. Control variables used, but not reported, ard @BP, the ratio of current account to GDP, the ratio of totedde
to GDP, the ratio of government expenditures to GDP, thergg/to GDP rate, the share of Services sector value-added to

GDP, the labor force participation rate, and population déy.

At this point, the results indicate that the old age depeaogleatio is the most

consistent predictor of average markups. | then verify Wwaiethis threshold (65 and

over) is indeed the right one by running regression spetiica which take into

account the full age distribution of the population. | talkke share of the population

in five year age increments (e.g. 0-4, 5-9, 10-14, etc.) utgears of age and
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older as the key explanatory variable. As these shares ghayhpersistent and
correlated with each other, | use factor analysis to shhekiumber of explanatory
variables.Juselius and Taka{2021) make use of a similar approach to study the
link between demographic changes and inflafidn.extract four factors from the
17 age groups and run regressions using the same controé&fae.bRegression
results are reported in Tabke4 in the Appendix. | use the coefficient estimates on
the four factors along with the factor loadings of the 17 aggegories to map out
the marginal contribution of each age category on markupslative terms. The

resulting contributions are plotted in Figute

Figure 1: Marginal effects of age group shares on markups
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The figures plot the implied marginal effects of each agegsobp from a factor transform corresponding to regression
specification (1) in Tablé\.4. The shaded area represents the 68% interval while the &tdidk line indicates the point
estimates.

The implied effects reported in Figufieconfirm the earlier findings that both

19n the Appendix, | also report regression results using tbiyrmial shrinkage approach
adopted byluselius and Taka{021). See Tablé\.4.

12



the share of young and old age dependents tend to increasgavaarkups when
using the full sample. More accurately, | find evidence ssggg that the implied
effect of the share of working age population on average opmks negative. The
implied thresholds from this analysis are slightly differé&om the conventiondl5
and underand65 and ovelimits used when calculating the share of old and young
dependents. In particular, the results indicate that taeestf those aged in between
their mid twenties and early fifties are associated with limgeaverage markups.
Further, the results indicate a trend increase in the darttan to markups starting

from the mid thirties rather than an abrupt change once agimld reaches old age.

1.2. Potential channelslinking demographic aging and mar ket power

What might explain these findings? We can consider the two memomic
activities of households, labor provision and consumptibith regard to the latter,
one can further distinguish between changes in the conmposit the consumption
basket as a household ages and a general change in consuimgtiavior over

lifetimes.

Regarding the provision of labor services, potential changie propensity
to supply labor or one’s market power when negotiating wagehke labor mar-
ket may change as households age. Aging may also changertlctust of the
economy through related supply-side mechanisBsucekkine et al(2002 pro-
vide a theory of endogenous human capital accumulationdw shat changes in
both fertility and longevity could have medium and longateconsequences for
growth. Feyrer(2007) provide evidence linking the age structure with aggregate
productivity. Acemoglu and Restrep@022 link aging with increased automation
in production. Another important aspect is with regard tmg@nd innovation or

entrepreneurshipLiang et al.(2018; Aksoy et al.(2019; Bornstein(2021), and

13



Leahy and Thapa2022 show that the age distribution matters for innovation and

entrepreneurial activity.

At the same time, aggregate consumption behavior may alsmehover house-
holds’ lifetimes!! For instancePella Vigna and Polle{2007 show that demo-
graphic changes generate predictable shifts in demangéaifsc sectors and con-
sequently their profitability and stock returns. Regardiifigy ¢ycle consumption
basketsCravino et al(2022 show, using household data from the United States,
that services consumption increases as a households algeBahks et al(2019
highlight medical-related expenditures as an importapéetsto differences in old-

age consumption between US and UK households.

1.3. Theage structure and price sensitivites

Another dimension to the aging and consumption relatignstay be that house-
holds’ sensitivities to relative prices may decline as tgeyolder. Doepper et al.
(2022 use detailed micro data on prices and quantities in the Ushdow that the
30% increase in markups from 2006-2019 is likely partly dua tlecrease in con-
sumer price sensitivity over timé&. Changes in consumption baskets over time is
ruled out as the documented relationship focuses on chamfea product cate-
gories over time. In turrBrand(202]) find that price elasticities have dropped by
about 25% over 2006-2017. A related finding Mgiman and Vavr§2023 is that
the average household’s spending is increasingly coratentin a few products
while households as a group are consuming a larger varigtyoafucts over time.

They refer to this asiche consumptian While Neiman and Vavrg2023 focus

11 am omitting a discussion on the large literature regardifegcycle consumption as these
largely pertain to consumption vis-a-vis savings decisiover the life cycle.
12See alstalay et al.(2023.
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mostly on trends over time, their results also indicate tihéér households exhibit
stronger niche consumption behavior. Further reinforchmgse results are those
documented byBornstein(2021) regarding consumer inertia. He finds that older
households are more likely to continue consuming brandshlest have consumed

in the past and are less likely to try out new or other brands.

These recent findings echo results from much earlier stuBi@sinstancePol-
lak and Wale$1981) have shown decades ago using British household data that the
age distribution matters for demand elasticities. FurtRarks and Barte(il973
use data from 1950 to 1967 and 14 OECD countries to show thegasing the
proportion of dependents reduces price elasticities. massledParks and Barten

(1973 to speculate that:

Old people’s spending patterns may be dominated by strobi jbiat-
terns that make them less sensitive to price changes. Teenagy be
affected by peer pressures that explain their insensitigiprices when
compared with working-age adults; however they seem to dtigher
sensitivity when compared with old peopleRafks and Barterl973
p. 849)

This paper focuses on this hypothesis and explores its ¢gatins on firm price
setting and the conduct of monetary policy. The emphasisegi@n this channel
IS not because there is evidence to suggest that it is morerieng than the other,
complementary, channels. Rather, the focus on changing pensitivities over
lifetimes is motivated by the relatively less attentiongald to it in the recent lit-
erature. It is also, a very intuitive and simple chanri@&lonnenberg et al2012

provide evidence that households’ consumption is partiyedrby brand capital

which firms exploit by charging higher prices, i.e. markups.Parks and Barten

15



(1973 alluded to many years ago, brand capital - preferencegkxific varieties

- may be something that households accumulate over timeegsate.

| find recent evidence consistent with this hypothesis u&ingopean house-
hold survey data taken from the Eurobarometer Survey 7hawgded on March
2012. The survey, with over 26 thousand respondents fromu2@dean countries,
covered issues concerning food purchases among othersifi&ly, respondents
were asked how important several features such as the phieeuality, the ge-
ographic origin, and the brand of the product, are when ngakiod purchases.
Responses to the importance of these features for food mestze coded into 4
categories with 1 correspondinguery importaniand 4 tonot at all important The
key explanatory variables are age groups in bins of 10 yeaeiments (with 15-24
years of age as the omitted age category) and if the housélaslahildren. To
control for other factors which may influence the relativgportance of price and
non-price features in food purchases, | include educatiocypation, home owner-
ship, reported difficulties in paying bills, marital statgender, type of community,
self-reported social status, internet use and abilityjnenpurchases activity, and
food logo awareness as control variables. Regression semdtreported in Table

3.
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Table 3: Importance of price and non-price features in foadtipases

@ @ ©) 4) ®) (6) ) ®)
Dep. var.: PRICE QUALITY GEOGRAPHIC ORIGIN BRAND
25 - 34 years 0.018  0.020  -0.035*  -0.034* -0.145** -0.148* -0.055* -0.063**
35 - 44 years 0.023  0.024  -0.038  -0.038* -0.238** -0.245** -0.058 -0.071*
45 - 54 years 0.016  0.016  -0.051* -0.050** -0.285** -0.298 -0.068 -0.082**
55 - 64 years 0.070*  0.071* -0.081** -0.081** -0.342%* -0.349**  -0.062 -0.077*

65 years and older  0.135*** 0.127*** -0.083*** -0.080*** -B70*** -0.376*** -0.072  -0.093*

With children -0.030** -0.030** 0.022 0.023*  0.057** 0.0 0.028* 0.026
Additional controls YES YES YES YES YES YES YES YES
Fixed effects CNTRY NUTS2 CNTRY NUTS2 CNTRY NUTS2 CNTRY NUTS2
Adj. R-squared 0.175 0.188 0.053 0.067 0.120 0.137 0.117 0.138
Observations 15977 15977 16092 16092 15946 15946 15759 15759

*** and *** indicate statistical significance at the 10, &nd 1% levels from cluster-robust standard errors (by count
NUTS-2 regional classifications). The table reports maliiate regressions of the importance of several price anu-pace
features for food purchases on age and other factors. Naiethie dependent variable is on a 4-point scale and coded such
that 1 is very important and 4 is not at all important. Dataakén from the Eurobarometer Survey 77.2 conducted on March
2012 with respondents from 27 European countries. Additioantrol variables are education, occupation, home owhgy,
reported difficulties in paying bills, marital status, gemdtype of community, self-reported social status, irgeurse and
ability, online purchases, and food logo awareness. Alt8jmations include either country or NUTS-2 fixed effects.

The results indicate that the importance of prices for footpases is decreas-
ing with age, particularly as one reaches the mid 50s in agierfcns 1 and 2 of
Table 3). Consistent with these results, other non-price featueesiine more im-
portant for food purchases as one becomes older (column8)3karthermore, the

results also indicate that those with children tend to caseembout prices.

In the next section | formalize this hypothesis that the ag&idution matters
for the aggregate sentitivity of households to prices amtéeverage markups.
The next section describes a simple model which expandsedmetsic New Keyne-
sian model with Deep Habits by incorporating a mechanisioun which house-

holds develop deep habits as they age.
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2. Age-dependent habits, and markups

This section presents an Overlapping Generations New seggmenodel with
Deep Habits which links the age distribution to firm pricinghlavior. The model
draws on a key insight of deep habits that consumption habigtence at the
goods level effectively makes demand for differentiateddsoless elasticRavn
et al, 2006. It also brings expectations of changes in future dematadthre cur-
rent pricing problem of firmsLubik and Teg 2014. When augmented with a
mechanism wherein habits develop as households age, thdisigbution of the
population begins to matter for the shape of demand cureesifay firms. In turn,
it helps determine the markups that monopolistic competitirms charge on the

goods that they sell.

The objective of the model is to parsimoniously introduce-agecific deep-
habits into a simple benchmark model with the minimum of @dients to flesh out
the implications on the New Keynesian Phillips Curve. Thetgpointis a simple
version of the New Keynesian model with deep habits. | assBlaechard-Yaari
overlapping generations in order to generate an admitsdiplistic age distribu-
tion. To this setup, | add a key mechanism which is describetktail in the next

section whereby households develop stronger deep halihisyaage.

2.1. A model of deep habit development over lifetimes

Consider a household born at tirhe- J and denoted withj who maximizes
utility from consuming a basket of goods of unit length andkixed byi represent-

ing thesectorsof the economy3 The economy in which this household resides in

3There is a continuum of householfls J of a given agel.
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produces a variety of products for each sector also of ungtleand indexed big.
The whole product space is characterized by a unit sgQaxéth i € [0, 1] sectors
andk € [0, 1] varieties per sector. L&t; C Q represent the set of products for which
householdj has an inherent or latent preference for - meaning that comgpthis
subset of products is preferred by househaldlative to products not in this subset.
Let Q; C Q denote the subset of all products in sectandj ; C Q;,%; be the sub-
set of preferred goods for a given secitday householdj. For simplicity, assume
thatZ;; contains the same number of elements for each sestoch that the set
of preferred varieties in each sector is of equal length teehby 0< s< 1. Con-
suming a variety from this preferred set has the unique ptppleat the marginal
utility is higher. Specifically let the marginal utility ofonsuming preferred and

non-preferred varieties be given by,

oU; X[ewe—¢ V1 i ke )
X[ci] " if k¢,

oG kt

wherex > 0 andc > 0 are some reference levels that will be more explicitly defin

in subsequent sections.

Not all of the products are available to househglbr consumption in every
period. Instead, when househojdenters the market for goods in peribdshe
randomly encounters a store offering a particular varigty for each sector. The
household can then consume either the variety offered orvargty previously
encountered for each sector. That is, the household carsehitooconsume any
variety in the seR)j = Qj_1U{K;,it}Lo.2* If any of the preferred varieties is in

this set, then the household consumes (randomly one ofyainiaty and if not, then

14For completenes®j; =0 Vvt <t-J.
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the household (indifferently) consumes any one of the tiagén the set.

The likelihood that householpgencounters, and thus consumes, its preferred va-
riety follows a geometric distribution over the number aféis the household enters
the market for goods or, equivalently, the household’sadeor any given period,
the likelihood that the stommatchedo household offers a variety in her preferred
set is given bys, the success parameter of a Bernoulli distribution. Congstyle
the probability that a household encounters and consumegsrékerred variety at
ageJ in timet for sectorn (1 j) is given by the cumulative distribution function of

the geometric distribution, £ (1—s).
Pr({kjiv}—_yNZji #0) =E[1j] =1-(1-s) (2)

For simplicity, letY; ; also be randomly drawn across households and sectors such
that the expected likelihood of consuming a preferred abg one household at a
given age is equal to the mass of households of that age camgtineir preferred

variety for each and all sectors.

The setup described above could be described as a randoch $aad match-
ing) model with an ex-ante defined preferred set of variettesn nevertheless also
be interpreted as a model where one develops preferences lEarns about their
preferred consumption basket over their lifetime with apd consumption expe-
rience. In this regard one can think ®&s the probability that a household wakes
up one day and develops habits for consuming a good. ThisdWmianalogous to
the concepts of the accumulationlind capital(Bronnenberg et 312012, con-
sumer inertia(Bornstein 2021), or niche consumptiofNeiman and Vavra2023.
The intuition is simple. Everyone starts out as an uninfatrbeginner or novice

with regard to consuming various goods. Initially, the mesiient differentiator
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across brands and varieties would be the price. As one egigatonsumes and
gains familiarity with a particular product category, oregjlms to value and distin-
guish between the non-price features of a product. Thexgf® one ages, one is
also less likely to let the price be the sole differentiatiagtor when making pur-
chases. Consequently, one becomes more likely to be wilhipgy more for these

additional features.

In what follows, | embed this mechanism in an otherwise stiashdNew Key-
nesian Deep Habits model that has been augmented to inate@@anchard-Yaari

overlapping generations.

2.2. Households

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

rateg® — g% every period.

N = (1+¢°—g%)'No (3)

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 fdrperiods is given by,

f(3)=g(1-g)’* (4)

whereJ € [1, o|. Households derive utility from consumption, provide laBer-
vices, and save in a one-period risk-free asset. They magithe discounted sum

of utility from consuming a basket of goods comprised of oagety, indexed by
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k € [0,1], for each sector € [0,1] and the provision of labor services yielding the

following program for a householgbornJ periods from today,

/
t

max By (ﬂ BUHC v D) (5)
0

t'=0t"=
subject to:
1-o 1+K
Xz h:
U — J;t _ J;t 6
l1-0 1+« 6)
_n_
! n1 ]
Xjt = Uo (Cijt—6jtCit—1) 1 di (7)
1
/OF)'vtCivJ'Jdi"'BLt = R-1Bjt-1+Whji+® Wt (8)

where®; = [ ®;di are firm profits treated as exogenous by househatds, the
coefficient of relative risk aversiom;, is the inverse Frisch elasticity of labor supply,
n is the elasticity of demand for differentiated goodg, = 3731 [j<;Ci,jdjf(J)

is aggregate consumption in sector i, and where | have dbfipesubscripk to
simplify terms!® Finally, B = (1—g)Byxy; Y is the exit probability-adjusted
discount factor. The variablgx captures what | would refer to as demand shocks

and follows an auto-regressive process,

log (%) — (1— po) i+ polog (%) + b ©)

wheregp; ~i.i.d.N(0,1) are the demand shocks agds assumed to be zero with
Y = 1Vt < 1 so that the steady state discount factor is givefiloy g®) 8. Further,
6i.j+ Is the deep habits parameter which is capturing the evetyttiaat household
j encounters and consumes a preferred variety in settqeriodt. In particular, |

assume that it is either zero when the household has not etezed her preferred

5Each household only consumes one variety per sector androbem that firms producing
different varieties in a given sector (or households corion of a given variety in a sector) are
symmetric.
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variety yet or some constant when she has.

Bjt=1 16 (10)

whereE[1; ] = 1— (1—s)” is the probability derived in the previous section and
wheres s the parameter governing the unconditional likelihooth@#ing encoun-

tered a preferred variety.

The households’ problem yield the following optimality cliions,

Ri] "
Cijt = Xt {ﬁ] +6,j1Cit-1 (11)
it = XjcW/R (12)
where
Ly =
R — [/o R d|] (13)

Here, the aggregate price level is given by equatidand aggregate consumption
for sectori (which is the same across all the varieties in that sectdjasum of

consumption across all households by age greup=€ 55 Gi 3¢ f(J)).1

| abstract from potential heterogeneity due to differerindsudget constraints
and the accumulation of savings by assuming that savingsides are relegated
to a representative household who provides within and aaokort consumption
insurance. Further, there is zero net supply of the ris&-fgset such that in equi-

librium Bj; = By = 0 for all households and period$.A symmetric equilibrium

18Note that the referench j(Cit—1 for household j's consumption af ;; is an aggregate con-
sumption variable. This could be interpreted as adding dihgror keeping up with the Joneses
aspect to the mechanism.

YIn turn, consumption of all households of age J is just the sfinimdividual consumption,
Cigt = [jeaGijt-

80ne interpretation of this assumption is the presence oflafurectioning social security sys-
tem.
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for households within the same age group yield the Eulertemua
X3¢ = BRE(X 1 R/Ra] (14)

and aggregating across households in a symmetric equitibyields the aggregate

Euler and demand equations,

%7 = BRE(x%R/R1] (15)
ekl
Ge — xt[%} 8o (16)

wherex; = 551 X3¢ f(J) whileciy = 5541 ¢ 3¢ F(J) and,

6 = Jie..,m(\])
=1
= Os[1-(1-s)(1-g)]* (17)

Note here that the age distribution is crucial to average theitsd. A young
and dynamic population with high entry and exit of housebdldrgeg) exhibits
lower habit persistence than an aging population with lowyeand exit (small
g). For instance, at the extreme where agents live for oneg@dyi= 1), aggregate
deep habits is proportional to the relative size of preﬁas@s,@ = 0s. On the other
hand, when agents are infinitely-lived with no entry and @xit 0) then deep habits
are maximized ané = 6. The parametes governs the speed at which households
develop deep habits. Wheiis zero then there are no deep habfts{0) and when

all varieties are preferred & 1) then deep habits are maximizedi<£ 6).
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2.3. Firms

Production in this economy is comprised of two layers, comgion goods and
intermediate goods (or inputs). The sole purpose of thengklayer is to introduce
another parameter which determines markups and is asstaiath the supply-
side of the economy (the production elasticity of substtubetween intermediate
inputs). Changing this parameter will allow the model, in dueed-form way, to
capture alternative explanations of the rise in markupsfilatiéning of the slope of
the Phillips curve due to supply-side changes in areas ssiphoaluction networks
and the degree of market competitidtiogynck 202Q Fujiwara and Matsuyama
2022 Rubbq 2023. | describe each of the layers of production in the follogvin

sections.

2.3.1. Consumption goods production

Consumption goods are produced using a basket of interneedgaits. Infinitely-
lived firms produce varieties of differentiated consumptgnods in monopolistic
competitive markets and maximize the expected sum of pahfitounted by house-
holds’ stochastic discount factog by choosing intermediate inputs demand and

consumption goods prices. A firm producing gaablves the following problem
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(varietyk is omitted for simplicity),

max K qut+s¢i,t+s (18)
S—=
subject to:
1
dit = BiGit— / PntYmtdm (19)
m=0
P:] " =«
Gt = Xt{i} —fciy 1 (20)
R
1 v17va
Gt < yi,t:{/_oYm,)t/] (21)

wherec; = [ ¢ +di is aggregate consumptiovi,;: are intermediate inputs with price

Pmt, andy is the production elasticity of substitution between imediate inputs.

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

Pnt/R = Aig[Yie/Yme Y (22)
o e

RAdt +RAiy = R+ eEtTPtJrl)\d,tJrl (23)

RitCit = NAgtR(Cit— éCi,tfl) (24)

where); ¢ is the multiplier on production (marginal cost, equati andAq; is the
multiplier on demand (equatiaz0). Equation22 can be rearranged to the demand

for inputYmt by aggregating across sectors.

1 y I:)m,t - .
Yt = /i:oY"‘A” i (25)
2.3.2. Intermediate goods production

The intermediate inputs to consumption goods are produsétyuabor by

infinitely-lived monopolistic competitive firms who maxie@s the expected sum
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of profits discounted by households’ stochastic discourtbfa by choosing labor
demand and intermediate input prices subject to Rotembéerg adjustment costs.

A firm producing intermediate inpum solves the following problem,

max [E¢ Z)Qt+s¢m,t+s (26)
S—
subject to:
6 Pmt 2
Pt = PmtYmt —Whmt — sPutG — — T (27)
2 I:)m,t—l
1 y Pm7t -y .
Ymt = i:OYi,t/\Lt F di (28)
Ymt < Achmt (29)

wherert* is an inflation target set by the monetary authordtys the cost of price

1—

1
adjustment parameter, afg; = [ S0Pt V} " is the average price level for in-

termediate inputs. The productivity of labor inpétsis the same across firms and

follows an auto-regressive process,
log(A¢) = (1— pa)A+ PalOg(AL 1) + Tatar (30)

Whereexmb_\) is steady-state productivitp, is the persistence parameter, ag

are productivity shocks withkat ~ i.i.d.N(0O,1).

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

W/R = AntA .
Pnt = RAmt+RAn: (32)
p..1- Y1 Puv R
_ Yy . di | mt L o
Ym,t = V)\m,t//\u,tY':td'[ R } +oa Pm,t,1 (Pm,tl Tl’k>
G+1 . Pvtt1 Pt (Pmt+1 )

—SE — 5 =T 33
t o Ct+1 Pm,t Pm,t Pm7t ( )
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whereAp; is the multiplier on production (marginal cost, equati$) andAm; is
the multiplier on demand (equati@g).
2.4. Monetary policy and aggregation

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

type rule,

Pr an(1—pr ay(1-pr)
R _ [Rtl} [TE} (1-pr) {&] explens) (34)

R | R I3 y*
whererg = R /R_1 is the gross inflation rat®" andy* are the steady-state nominal
rate and output respectively, agd are monetary policy surprises. The full set of
aggregate equilibrium conditions implied by the model agstions are reported in
the appendix. In the next section, | draw out the model’s ioapions regarding
factors driving steady state markups, the New KeynesiatligzhCure, and the

output-inflation trade-off faced by monetary policy.

3. Modd implications

As a first step, | derive an expression for steady state markuphe model
which is defined as the ratio of consumption good prices talyebvity-adjusted

nominal wages. The (deterministic) steady state magkiggiven by,

==y L;EL)] (39)

n-1

which is increasing in the degree of deep habits. Furthéngegy less demograph-

ically dynamic economies (log) feature higher average deep habits (see equation
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17) and thus higher markups. The model predicts that agingtesiare character-

ized by larger average markups.

It should be noted that the extent to which deep habits affewrkups also
depend on the consumption elasticity of substitutjoand the discount factcﬁ.19
Specifically, the effect of deep habits on markups decreaspafi approaches

n —1 (e.g., ag) becomes larger q@ approaches 1).

Further, markups are decreasing in the production elgsti€substitutiony. If
supply-side factors generate a decrease in the elasticstybstitution across inter-
mediate inputs, then the level of markups in the model wili@ase. Changes in this
parameter is meant to capture supply-side forces that wgpenhérate the increase
in markups as proposed in the literature (e.g., producteiworks and barriers to

entry as inHoeynck 202Q Fujiwara and Matsuyama022 Rubbqg 2023.

Incidentally, the model also predicts that the labor shatefined as the share
of labor to total income - declines when societies age. Imibdel the labor share
of income is inversely proportional to the markup. Thus,@seties age and aver-
age deep habits increase, average markups also increade lalver the share of

income attributed to labor.

3.1. The New Keynesian Phillips Curve

To get an analytical expression for the New Keynesian PBilCurve (NKPC)
implied by the model, | take first order log approximationsta equilibrium equa-

tions to simplify the expressions. Define variablefatsas in log-deviations from

19The discount factor enters the markup equation as it is theodit factor used by firms when
maximizing profits. If firms and households have differerstcdunt factors, then the firm discount
factor would be the relevant parameter for markups.
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a zero inflation steady state, e.g.=log(y:) —log(y*). Further, by taking log ap-
proximations, assuming that products of log-deviatioesagaproximately zero, and
simplifying leads to the following three equations chagaizing monetary policy,
the New Keynesian IS curve, and the NKPC as well as two equatiefining the

evolution of marginal costs for consumption goods and méeatiate inputs produc-

tion.
ft = pfio1+(1—pr)anft+ ayyt] + &t (36)
1 6 1-61 . A
Vi = . DY: — Vi1 — -— |t — & 37
Wt 155 th+1+1+6yt 1 1+90[t t7'E+1+Bt] (37)
s y-lp a1 s o
it = BEtW+1+yT [/\h,t —)\i,t} +BEAiti1— (1+B)Ait +Air-1 (38)
At = O —OoEfhi1—Os% 1+ Oaf (39)
A O' ~ ~ A
At = (K+ ré)Yt —Os%-1— (1+K)A (40)

where®; to @5 are functions of parametel{gé, 0, n,o} and are all equal to zero
when 8 is zero. In particular, these reduced-form parameterstadlys positive
and increasing in deep habits whenefer 0. This also means that without deep

habits therﬁu = 0 and the model simplifies to a standard New Keynesian model.

Before examining the NKPC, we first comment on the IS curve unéep
habits. First, as one would expect, deep habits adds smmgotbioutput and the
IS curve is no longer purely forward looking but is now a weeghaverage of
past and expected future output. Second, deep habits atésnthe response of
output (or demand) to interest rate and demand shocks. Teedy implies that
larger interest rate movements are needed in order to stiemal depress demand
under deep habits. While significant in itself, a monetaryharty would be more
interested in the trade-off between output and inflatioresponse to interest rate

changes. For this we have to refer to the NKPC.
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As can be seenin equati@B8representing the NKPC of the model, there are two
marginal costs to take into account and one of thém) (s purely related to deep
habits. This term adds leads and lags of output into the NKPEcav substitute
the equations for the marginal costs into the NKPC to detieeNKPC in terms of

inflation and output.

o= BEdas |V T - Bt es) - (14 Yo he g - Y A
~O2B%Efi 2+ (O1+ (1+ B+ %1)@2)1§Et9t+1 — O,BE 13
+O1+(1+B+ %1)@3 - %1@5)%—1 — O3 2
+OUBESy1— (1+ B+ %1)@5ﬁt+e4l§t_1 (41)

where the last three rows of equatidth disappear and the coefficient on current
output reduces to the standard slope of the NKPC without dabfs. With deep
habits, the coefficient on current output tends to decreagkeap habits increase.
Further, leads and lags of output are now present in the NKRE that theslope

of the NKPC defined as the coefficient on current output is mgédo a sufficient

statistic describing the relationship between inflatiod antput in the NKPC.

In order to fully appreciate the implications of demographging and deep
habits on the conduct of monetary policy, in the next sedticalibrate the model
to match demographic and markup changes for Japan and usalitrated model

to draw out the responses of both inflation and output to nampeolicy surprises.

3.2. Model-implied contribution of demographic aging to markups

| calibrate the model to match demographics and averageupaik Japan for

two periods, the early 1980s (1980-1985) and early 2010$1-2016). For each
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period, annual data is averaged in terms of life expectgmmyulation growth, as
well as average markups frobe Loecker and Eeckho020. For the demo-
graphic features, | calibrate the parametgyandgd to best match average popula-
tion growth and life expectancy. | then set the maximum valugeep habit® so
that the average deep habits across both periods is ap@®@hin®.85 and set the
parametes such that average deep habits flatten out at about 55 yeage ofFa
nally, I match average markups by varying the elasticityutfssitution parameters
n andy. Specifically, | set the two elasticity parameters appra@tety equal and
match markups in the first period. | then calibrate a diffegeior the second period
in order to match markups in the 2010s. Tableports a comparison of the model
and data in terms of the observables. The last two rows ajsmrtraverage deep
habits implied by the parameters as well as the value of dstieity of substitution

required to match average markups.

Table 4: Model-implied vs. actual demographic featuresraatkups

1980-1985 2011-2016

Data Model Data Model

Population growth 0.688 0.688 -0.141 -0.141
Life expectancy. 76.901 76.897 83.398 83.400
Markups 1036 1.036 1.280 1.280
Average Deep habits 0.753 0.947
Consumption elasticity 56.913 56.913
Production elasticity 59.848 4.969

The table reports model-implied demographics and markgenst the data for Japan and the periods
1980-1985 and 2011-2016. The last three rows also reporirtimied average deep habits given the
demographics calibration and the value of the elasticitysobstitution parameters required to match
average markups.

As there are a sufficient number of free parameters, theratibin is generally able
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to generate a decline in birth rates, an increase in life @gpey, and an increase
in markups. The rest of the parameters are calibrated adasthm the literature.

TableA.5 in the Appendix reports the calibrated values of the otheapaters.

Given the model calibrations, we can also decompose thegehanmarkups
from the 1980s to the 2010s into what is due to demographiogdsand other
factors captured by the change in the production elastifigubstitutiony. Table
5 reports the breakdown when | calibrate the model to the 1980ke 2010s but
without changing the demographic structure, and finalhjh®o2010s including the
demographic changes. The first column reports the steatyyrs@kup while the

second column reports the share of the change in markupivedia the 1980s.

Table 5: Decomposition of the change in markups

Level Share

1980-1985 Baseline 1.036
2011-2016 with no demog. change 1.275 96.2
2011-2016 All changes 1.280 100.0

The table reports model-implied markups when the modelliisrazed to match Japan for the
periods 1980-1985 and 2011-2016. The first row reports 8918085 baseline. The second
row reports markups when the production elasticity of sitiitsbn y is allowed to increase to
2011-2016 levels but demographics parameters (and thys lolleits) are kept to 1980-1985
levels. Finally, the third row reports the 2011-2016 markwphen both demographics and
production elasticities are calibrated to 2011-2016.

The results indicate that demographic changes only havergimahimpact on
markups at 3.8% of the total change. In the data, demographitges were able to
account for about 10% of the increase in markups for OECD cm#ntThe model
IS not able to match this as the effect of deep habits on mar&lgo depend on the

consumption elasticity of substitutiopand the discount factqs} (see equatioB3h).
In order for demographic changes to have a larger share ointlrease in
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markups then either the consumption elasticity of suligtitthas to be lower (which
will prevent the model from matching markups in the 1980sherdiscount factor
(of firms) would need to be lower than the calibrated value.890If, for instance,
firms were to be more myopic, then changes in average deefs hvatld have
stronger effects on average markups. The reason behintettige is that firms
know that when they raise prices today, their market shackngés both today and
in the future because of deep habits. Therefore a discouturfalose to one for
firms constrains their incentives to capitalize on inetadéimand today. Conversely,
if firms have a short-term view of profits, then they would berenaclined to raise

prices to take advantage of inelastic demand today.

3.3. Demographic aging and the effects of monetary policy sur-

prises

I now move on to the model’s implications regarding demogiaaging and
the conduct of monetary policy. As noted in previous sectidheslopeof the
NKPC is no longer a sufficient statistic to characterize thdé-offs between infla-
tion and output faced by monetary policy. Consequently, thheenodel to generate
responses of inflation and output to a monetary policy ssepnd compare the re-

sponse of output in the model when calibrated to the 1980¢ren@010s.

The size of the shock is calibrated to generate a cumulaéeére in the infla-
tion rate of one percent over a fixed horizon of 2, 5, or 20 yedeble6 reports
the cumulative response of output and inflation to a mongtaligy surprise shock

across calibrations. Figufeplot the impulse responses.

The figure indicates a dramatically stronger response qiutub a monetary

policy surprise in the 2010s relative to the 1980s. That mpaetary policy shock
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Figure 2: Response of output and inflation to a monetary mapdapan
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The figure plots the model-implied responses of output to rmetaoy policy surprise shock when the model is calibrated to
Japan in the 1980s and the 2010s. The size of the shock isatelibto generate the same cumulative response of inflation
across scenarios. The solid black line reports the respofseitput for the 1980-1985 baseline. The dashed blue liogse
the response of output when the production elasticity o$stuition is calibrated to 2011-2016 but demographic paeiens
remain at 1980-1985 levels. Finally, the solid blue lineasp the impulse response when both demographics anda@tgsti
parameters are calibrated to 2011-2016.
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which lowers inflation by the same amount will significanttydamore persistently
reduce output in the 2010s relative to the 1980s. The assumpt Rotemberg
price rigidities is key to this finding. Under this assumptithe model generates
a link between (the increase in) steady state markups anolutipeit cost of disin-
flation. Nevertheless, if one were to assume that the frexyuehprice adjustment
Is endogenous to the fickleness of consumer demand (i.be fféquency of price
changes falls as consumers become more habitual in theguoggtion), then a

similar result may be obtained in a Calvo setting.

Demographic changes play an important role in increasiegotitput cost of
disinflation. When the model is calibrated to keep demogmaphrameters to the
level in the 1980s but for markups to increase due to supdlyfactors, we see
that output falls by more in the short run but goes back to thady state relatively
quickly in about 5 years. However, with demographic changdsle the initial
fall in output is attenuated, it is also more persistent dra cumulative fall in
output over a 20 year horizon is about 50% larger than in thierasion without
demographic changes. That is, about one third of the longeincrease in the

output cost of disinflation from the 1980s to the 2010s is dudeimographic aging.

Table 6: Response of output to monetary policy surprises

Horizon 2year 5year 20 year

1980-1985 Baseline -0.011 -0.012 -0.012
2011-2016 with no demog. change -0.163 -0.174 -0.174
2011-2016 All changes -0.108 -0.189 -0.247

The table reports the model-implied cumulative responseitgfut over a 2, 5, and 20 year horizon to a monetary
policy surprise shock when the model is calibrated to masgad for the periods 1980-1985 and 2011-2016.
The size of the shock is calibrated to generate a cumulagispanse of inflation of one percent at the specified
horizon. The first row reports cumulative responses usiegl®80-1985 calibration. The second row reports
results when the production elasticity of substitition adilerated to 2011-2016 while demographic parameters
are kept to 1980s levels. The third row allows for both derapbics and elasticity parameters to change to
2011-2016 levels.
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The simulations indicate that demographic aging accoumta flisproportion-
ately larger share of the increase in the output cost of fii¢ion relative to its
share in the increase in markups. This seems to be largelyodile increase in
persistence when average deep habits are higher due to afjngis confirmed
in simulation results from an alternative model specifmativhere aging directly
affects the consumers’ elasticity of substitution andehee no deep habits. In this
version of the model without deep habits (and therefore mogagduced increase
in persistence), the contribution of aging to the increasthé output cost of dis-
inflation is proportional to the contribution of aging to timerease in steady state

markups°

4. Conclusion

In this paper, | show that demographic factors, particyltré share of the old
to total population, may be related to the determination aefkaps charged by
firms or equivalently their market power. | focus on a spe@fitential channel,
that households accumulate habits as they age, and devilep Eeynesian Deep
Habits model around this hypothesis. | then use the modélaw shat demographic
aging can increase firm market power (markups) and also eadffattening of
the New Keynesian Phillips Curve. More broadly, | show thahdgraphic aging
can significantly worsen the output-inflation trade-offdddoy monetary policy.
These results suggest that the challenges faced by mormetiaey in Japan where
population aging is more pronounced may soon be faced by otlumtries whose

populations are also rapidly aging.

The calibrated model is not able to completely match the iedptontribution

20See Tabled.6 in the appendix.
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of demographic aging on firm market power in the data for OECinates. This
suggests that the model-implied consequences of agings@atlincreases in deep
habits for monetary policy may be even larger. Further, tloelehis simplified
and does not feature other potential channels (e.g., orotheasition of consump-
tion baskets and labor markets, innovation and entrepreteiativity, Schumpete-
rian creative destruction). Exploring interactions betweaging-induced declines

in price sensitivities and these complementary channédstior future work.
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Appendix

Appendix Figures

Figure A.1: Demographics and markups over time

1981 1986 1991 1996 2001 2006 2011 2016 1081 1986 1991 1996 2001 2006 2011 2016 1981 1986 1991 1996 2001 2006 2011 2016

(a) Average markups (b) Life exp. at birth (c) Population growth

60

a0

1981 1986 1991 1996 2001 2006 2011 2016 1981 1986 1091 1996 2001 2006 2011 2016 1981 1986 1991 199 2000 2006 2011 2016

(d) Age dep. ratio (e) Share: young (f) Share: old

1981 1986 1991 1996 2001 2006 2011 2016 1981 1986 1991 1096 2001 2006 2011 2016 1981 1986 1991 199 2001 2006 2011 2016

(9) Fertility rate (h) Share: Female (i) Net migration

The figures plot the evolution of several demographics Wemand average markups of 40 countries over time. The shade
area represents the interguartile range while the black$imeports the median values.
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Appendix Tables

Table A.1: Country panel data descriptive statistics

Mean St. dev.  Obs| Description
Markups 1.34 0.31 1382 Average markups
Age dependency ratio (total) 54.57 10.81 1480 Share of young (0-14) and old (65+) to working age pop.
Share young to total pop. 24.37 8.22 1480 Share of young (0-14) to total pop.
Share old to total pop. 10.64 5.27 1480 Share of old (65+) to total pop.
Life exp. at birth (years) 74.22 6.24 1480 Life expectancy at birth, total (years)
Population growth(annual %) 1.08 0.82 1479 Population growth in annual %
Fertility rate 2.18 0.94 1480Q Fertility rate (births per woman)
Share female to total pop. 50.42 0.90 1480 Share of felae to total pop.
Net migration (% of pop.) 0.97 1.88 280| Net migration to total pop.
Real GDP growth (annual %) 3.30 3.59 1478 Real GDP growth in annual %
Real GDP per capita 24609.52 19630.46 1478GDP per capita in constant 2010 USD
CPl inflation 24.30 250.70 1404 Consumer price index (2010=100) inflation in annual %
Unemployment rate 6.96 4.77 1122 Unemployment rate as % of labor force
Currrent Account to GDP 0.24 5.40 1339 Current account balance as % of GDP
Trade (% of GDP) 74.70 67.61 1478 Total trade as % of GDP
External balance (% of GDP) 1.56 6.14 1478 External balance on Goods and Sercices as % of GDP
Gov. Cons. Exp. (% of GDP) 15.96 5.03 1471 General government final consumption exp. as % of GDP
Gross savings (% of GDP) 24.79 8.03 1337 Gross savings as % of GDP
Labor force part. rate 60.65 7.50 1308 Labor force participation rate as % to population aged15+
Services value-added (% of GDP) 57.13 9.70 1225 Services sector value added as % of GDP
Manufacturing value-added (% of GDP) 17.57 5.68 1244 Manufacturing value added as % of GDP
Market cap of listed firms (% of GDP) | 77.87 113.39 1147 Market cap. of listed dom. firms as % of GDP
Private domestic credit (% of GDP) 80.31 51.05 1221 Domestic credit to private sector as % of GDP
Population density 41485 1295.86 1460 People per square kilometer of land area
Share rural to total pop. 29.44 18.69 1480 Rural population to total pop.

Data is annual covering 40 countries from 1980-2016. Averagnual markups are obtained frdbe Loecker and Eeckhout
(2020. The rest of the variables are sourced from the World Bankd\Development Indicators database.
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Table A.2: Country panel data samples by country

Markups  Age dep. ratio Markups  Age dep. ratio

Country First Last First Last|| Country First Last First Last

ARG 1986 2016 1980 2016| IRL 1980 2016 1980 2016
AUS 1980 2016 1980 2014 ITA 1980 2016 1980 2016
AUT 1980 2016 1980 2016| JPN 1980 2016 1980 2016
BEL 1980 2016 1980 2016| KOR 1980 2016 1980 2016
BRA 1980 2009 1980 2016 MEX 1980 2016 1980 2016

CAN 1980 2016 1980 2016] MYS 1980 2016 1980 2016
CHE 1980 2016 1980 2016 NLD 1980 2016 1980 2016
CHL 1985 2016 1980 2014| NOR 1980 2016 1980 2016
CHN 1982 2016 1980 2016] NZL 1980 2016 1980 2016
COL 1987 2016 1980 2016 PAK 1988 2016 1980 2016

DEU 1980 2016 1980 2016 PER 1987 2016 1980 2016
DNK 1980 2016 1980 2016, PHL 1988 2016 1980 2016
ESP 1980 2016 1980 2016 PRT 1985 2016 1980 2016
FIN 1980 2016 1980 2016 SGP 1980 2016 1980 2016
FRA 1980 2016 1980 2016 SWE 1980 2016 1980 2016

GBR 1980 2016 1980 2016 THA 1987 2016 1980 2016
GRC 1980 2016 1980 2014 TUR 1987 2016 1980 2016
HKG 1982 2016 1980 2016] USA 1980 2016 1980 2016
IDN 1989 2016 1980 2016 VEN 1987 2016 1980 2016
IND 1989 2016 1980 2016 ZAF 1982 2016 1980 2016

The table reports the year of the first and last observationswerage markups and age dependency ratios for each gpuntr
in the sample. Country codes are 1ISO-3166 alpha-3 threerletiuntry codes.
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Table A.3: Univariate regressions of markups on demogcafaftiors

Dep. var.: Markups Q) 2) 3 4) (5) (6)

Age dependency ratio (total)  0.002**

(0.00)
Life exp. at birth (years) 0.006***
(0.00)
Population growth(annual %) 0.033***
(0.01)
Fertility rate 0.022**
(0.01)
Share female to total pop. 0.016**
(0.01)
Net migration (% of pop.) -0.011
(0.01)
Constant 1.239*** 0.886*** 1.310** 1.298** (0.538 1.340**

(0.04)  (0.10)  (0.01)  (0.02) (0.41)  (0.02)

Observations 1382 1382 1381 1382 1382 263
Adj. R-sq. 0.003 0.012 0.006 0.003 0.001 0.001

*** and *** indicate statistical significance at the 10, Bnd 1% levels. Robust standard errors reported in parerghes
The table reports univariate regressions of average maskup several demographic characteristics. Data is annual an
covers the period 1980-2016 for 40 countries.
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Table A.4: Factor and polynomial shrinkage regressionitesu

Dep. var.: Markups 1) (@] (3 4)
Age dist. factor 1 -0.011 0.009
(0.05) (0.05)
Age dist. factor 2 -0.070** -0.054**
(0.03) (0.02)
Age dist. factor 3 0.037** (0.033***
(0.01) (0.01)
Age dist. factor 4 -0.019* -0.009
(0.01) (0.01)
Age dist. poly 1 0.039*  0.055**
(0.02) (0.02)
Age dist. poly 2 -0.011* -0.013%**
(0.01) (0.00)
Age dist. poly 3 0.001**  0.001***
(0.00) (0.00)
Age dist. poly 4 -0.000** -0.000***
(0.00) (0.00)
Share female to total pop. -0.090** -0.071**  -0.062 -0.061*
(0.04) (0.03) (0.04) (0.04)
D.Life exp. at birth (years) 0.029 0.035 0.029 0.041
(0.03) (0.03) (0.03) (0.03)
Population growth(annual %)  -0.012 -0.012 -0.007 -0.008
(0.01) (0.01) (0.01) (0.01)
L.Markups 0.387*  0.469** 0.388* 0.462***
(0.20) (0.11) (0.20) (0.11)
Additional controls YES YES YES YES
Fixed effects Y,C Y Y,C Y
Observations 628 628 628 628
Adj. R-sq. 0.810 0.810
AR(1) p-value 0.000 0.000
AR(2) p-value 0.741 0.679

*** and *** indicate statistical significance at the 10, &nd 1% levels. Cluster-robust standard errors (by countoy)

the panel fixed effects regression and robust standard gfmrthe dynamic panel regressions are reported in paresghe
The table reports multivariate regressions of average mpskon factor and polynomial shrinkages of the age distiiiout
along with other demographic factors and several contralatgles. Data is annual and covers the period 1980-2016 for 4
countries. For the Arellano-Bover-Blundell-Bond dynaipémel regressions, p-values from tests of residual seaaktation

up to 2 lags are also reported. Control variables used, butraported, are real GDP, the ratio of current account to GDP,
the ratio of total trade to GDP, the ratio of government exgitures to GDP, the savings to GDP rate, the share of Services
sector value-added to GDP, the labor force participatioterahe unemployment rate, population density, the ratistack
market capitalization to GDP, the ratio of domestic creditGDP, and a linear time trend. Panel fixed effects regression
include year and country fixed effects.
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Full set of model aggregate equilibrium conditions

Aggregation, a symmetric equilibrium and market-cleagogditions yield the

following equations which characterize the model.

X = G—0c_1 (A.1)

he = % w (A.2)

x° = BREX T} (A3)

B = (1-d")Buy; (A.4)

NitAa = 1+ BRE {%} e (A5)

Adt /(%) (A.6)

Ait/Ait-1 Tint/ TR (A7)

W AiAnt (A.8)

Amt + Ant Ait (A.9)
WA-V5) = St =)

—ORE: {%} - Ct+1)\i);titl Tnt+1(Tt+1— 17) (A.10)

G yt—gct(mn,t—rf")z (A.11)

Yt Achy (A.12)

wheremmt = Pt /Pmt—1, Wt = W/R, hy = [hidi= S hj+f(j), andy; = [yidi.

Equations34 andA.1 to A.12 along with the laws of motion for productivity and

discount factor shocks (equationand30) complete the description of equilibrium.
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Table A.5: Model calibrated parameters

Parameter Symbol Value Target
Discount factor B 0.99 Annual real rate of 4%
Risk aversion g 3.0 FollowingRavn et al(2010
Inverse labor elasticity — k 1.0 FollowingFernandez-Villaverde et g2015
Demand elasticity n 56.91 Match average markups in Japan over 1980-1985
Production elasticity y 59.85,4.97  Match average markups in Japan over 1980-1985 and 2011-2016
Price rigidity [ 187 Average Phillips curve slope equivalent to Calvo parameter of 0.75
Maximum habits 6 1.02 Average deep habits of 0.85 afavn et al (2010
Deep habits rate s 0.03 Deep habits flatten out at age 55 years
Birth rate gb 0.011,0.002  Population growth in Japan over 1980-1985 and 2011-2016
Death rate gd 0.004-0.0037 Life expectancy in Japan over 1980-1985 and 2011-2016
Monetary policy rule
Persistence or 0.70 FollowingFernandez-Villaverde et g2015
Inflation coefficient O 1.5 Conventional values
Output coefficient ay 0.0 Conventional values
Inflation target m 1.00 Conventional values
Productivity shock
Mean A exp(4.3) Steady state labdr)(of 0.33
Persistence [N 0.96 Fernald(2014
\olatility Op 0.008 Fernald(2014
Preference shock
Mean b 0 Steady state discount factor(ils— gd)
Persistence P 0.96 Matched to productivity shock persistence
Volatility Op 0.008 Matched to productivity shock volatility
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A model without deep habits

In this section | consider the implications of aging on thaduct of monetary
policy when the elasticity of substitition parameter in Bebolds’ preferences is
directly affected by aging and without deep habit formatilorthis setting, popula-
tion aging will not induce additional persistence in theremoy but will neverthe-
less affect both steady state markups and the slope of theKdgmnesian Phillips

Curve.

| make two changes relative to the model in the main text. tFirslieu of
deep habits, | have the elasticity of substitution as a tlftetction of age. Second,
to allow both the elasticities of substitution for consuimptand production using
intermediate inputs to directly affect the output cost dfimflationary monetary
policy, I assumeRotembergprice adjustment costs for both the consumer goods

and intermediate inputs layers of production.

Households

As in the main text, households are born and die following Btenchard-
Yaari overlapping generations framework with an age distribugven byf(j) =
g(1—g){j—1) for j € [1,0]. Households choose consumption baskets and labor

provision by maximizing the discounted utility from proding and working given
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by the following program,

max B ZﬁtU({cijj’tH/},hj,tH/) (A.13)
t'=0
subject to:
T 1-0 1+« '
nj
1t et
Xiy = l/ ¢!\ di (A.15)
O b B
1 -
/Opl,tci,j,td|+Bj,t = R_1Bji—1+Whji + D¢ WVt (A.16)

wherenj =n+(n—n)(1—s)~! and bonds are in zero net supply.

Production

I modify the consumer goods producers’ problem relativeht main text by
addingRotembergprice rigidities such that consumer goods producers sdlge t

following problem,

max K Zoqt+s¢i_,t+s (A.17)
S=
subject to:
. 5 Pt )2
Oy = Py —/ PntYmedm— ~Rc (=—*— ) (A.18
it G = | PniYme ZHCI (Pl,t—l_n* ( )
o P,
Gt = Xj t {—] f(j) (A.19)
le R
1 v17va
Cip < Yi.,t={ Ym.q (A.20)
m=0

whereq; is the households’ discount factor as before and demandas ¢y aggre-

gating the solution to the households’ problem.

21| do not include discount factor shocks in this setup.
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The intermediate goods producers’ problem is unchangedivelto the main
text (equation26 to 29). The price adjustment cost parameter is denoted with
Om to distinguish it from the price adjustment cost parameatecansumer goods

production.

Aggregation and monetary policy

| use the same monetary policy rule as in the main text (egudd). | take the
symmetric equilibrium, log-linearize around the zeroatiin deterministic steady
state and simplify terms to arrive at the following set of @ipns characterizing the

alternative model.

ft = prft—1+ (1—pr)[anTk+ oy + &t (A.21)
. ~ 1 . R
Vo = BEtYty1— E(rt — Et7841) (A.22)
) . f—1a
Tt = PETgq1+ T)\Lt (A.23)
~ ~ y— 1~
Tmt = PBEtMnir1+ Km"t (A.24)
Mig+Ang = (K+0)%— (1+K)A (A.25)
fing— & = Aig—Aig1 (A.26)

where the age distribution enters through the averagei@tasif substitutioni

given by,

_ gl+s(l-g) .
1=y s1-g) '
where as before aging (a decrease in g) lowers the averagjeEyeof substitution

and thus the average price sensitivity of consumers. Tlaelgtgtate markup in this
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alternative model is given by the following.

_ [y n
[ [ A

As with the model in the main text, an increase in aging rasseady state markups
as well as lowers the slope of the consumer goods price Newd&gn Phillips

Curve (equatioA.23).

Calibration and the output cost of disinflation

| calibrate the model to Japan in the 1980s and 2010s, fogusirpopulation
growth, life expectancy, and markups. As there is an extrarpater in this alter-
native model, | am able to calibrate the parameters suchl0f4t of the increase
in markups is attributed to agirtg. | then simulate the response of inflation and
output to a monetary surprise and calculate the cumulabe&ge in output given
a monetary surprise that reduces inflation by one percentgorea horizon. Table

A.6 reports the cumulated response of output across varionases.

Table A.6: Response of output to monetary policy surprises

Horizon 2year 5year 20year

1980-1985 Baseline -1.746 -1.740 -1.740
2011-2016 with no demog. change -5.988 -5.778 -5.778
2011-2016 All changes -6.708 -6.238 -6.236

22| assume that the two elasticity of substitution paramedegsequal in the 1980s and then cali-
brate the rest of the parameters such that 10% of the incheaseady state markups is due to the
change in the consumer elasticity of substitution.

All



The table reports the model-implied cumulative responseifgfut over a 2, 5, and 20 year horizon to a monetary
policy surprise shock when the model is calibrated to masgad for the periods 1980-1985 and 2011-2016.
The size of the shock is calibrated to generate a cumulagispanse of inflation of one percent at the specified
horizon. The first row reports cumulative responses usiegl$80-1985 calibration. The second row reports

results when the production elasticity of substitition adilerated to 2011-2016 while demographic parameters
are kept to 1980s levels. The third row allows for both deraphics and production elasticity parameters to

change to 2011-2016 levels.

The results indicate that the output cost of disinflatiorinsaest four times larger
in the 2010s than in the 1980s. Further, and in contrast teethéts in the main text
where the model had deep habits, the relative contributi@gimg to the increase
in the output cost is fairly similar across horizons at abtidfo which is also the

share of the increase in markups attributed to aging.

Al2
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