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Abstract
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sen by producers. The model predicts a short-term infladigput trade-off, a liquidity
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1 Introduction

Which role does heterogeneity of economic agents play itr#msmission of monetary policy?
Standard models of the monetary transmission mechanisra usgresentative agent and thus
ignore this question. Instead, they implicitly assume #idter all agents are affected in the
same way by actions of the monetary authority or that firmsatgay attention to the potential
heterogeneity of their customer base when setting ptideghis paper, | explicitly account for
heterogeneity of firms and consumers and its implicationsnfonetary non-neutrality. | do so
by developing a heterogeneous-agents model of segmersetdaarkets and overlapping shop-
ping sequences. The resulting time-varying distributibmoney across agents and its effects
on optimal markups turn out to be important dimensions irttiiesmission of monetary policy,
yielding a short-term inflation trade-off. A calibrated sem of the model that includes a modest
degree of real or nominal wage rigidity accounts well for énepirically estimated dynamics of
output, inflation, hours, interest rates, profits, and erliare dispersion across consumers after
a monetary policy shock.

Monetary non-neutrality follows from the assumption thgémts manage their asset portfolio
only infrequently, generating heterogenous cash holdin@onsumers divide their labor and
financial income between an interest-bearing illiquid atid@d asset, which is needed for pur-
chasing consumption goods. They acquire their consumptiodlie on shopping trips, visiting
one shop after the other. Since consumers start shoppinifesedt times, their sequences over-
lap, resulting in a heterogeneous customer base faced bykap. In particular, customers at the
beginning of their shopping sequence have a higher demastaiy because they can substi-
tute with more shops further down the shopping trip. Sinc&lpcers cannot price-discriminate,
they face a trade-off between extracting a higher profit flom-elasticity customers and at-
tracting more sales from high-elasticity customefidhe trade-off is altered if the distribution of
money holdings in the population changes, affecting theegggge demand elasticity, which in
turn gives rise to optimally time-varying markups. As a tequroducers avoid being first to in-
crease nominal prices to the new steady state following taoyeasing. Instead, they compete
for the customers who benefited first from the monetary edsirigeeping relatively low prices.
Specifically, the markup is countercyclical because of tiewing reasorf. Monetary injections
reach only those agents currently participating in thetanseket (results are similar if the other
agents also benefit when participating later). These agahteceive a higher weight, as they
account for a larger share of sales. Since they are in thebegi of their shopping sequence,
this raises the effective elasticity of substitution, eadto a lower markup. A lower markup
implies higher output, such that a short-term inflationpotittrade-off obtains. Countercycli-

Textbook examples of these kind of models are presented ou¥ed (2003) and Gali (2008).

2Jovanovic (1982) derive optimality conditions for this laetor in a general equilibrium model of the Baumol-
Tobin type, while Christiano et al. (1996) provide empitisapport. Appendix D shows that relatively low costs of
managing assets imply infrequent asset optimizationsarptesent model.

3This aspect is related to Bils (1989), where a monopolistsactrade-off between extracting profits from loyal
customers and attracting new ones.

4“When using the term 'countercyclical’ in this context, leefo the a negative correlation between output and
markups conditional on monetary policy shocks.



cal markups are empirically supported by Rotemberg and Yéodd1999) (see also references
therein), and Campello (2003) at an industry-level. Chevaind Scharfstein (1996) confirm
that prices are strategic complements since they deperiivplyson the prices of competitors,
as in the present model. Note that because of the sequeintieduse, the model predicts an
increase in the dispersion of prices after a monetary sharc# finite elasticity of substitution,
as empirically observed by Balke and Wynne (2007). Sincg arfitaction of agents receive the
injection, also expenditure of agents is predicted to beendispersed. | present novel empirical
evidence confirming this reaction.

While the predictions of the model after monetary shocksjagditatively in line with empirical
observations, the friction on the demand side does not ptévens’ marginal costs from rising
relatively quickly. In order to generate also quantitainy@ausible results, | combine the above
mechanism with modest degrees of real or nominal wage tiggdiWhile rigid nominal wages
prevent nominal marginal costs directly from rising swiftleal wage rigidity alone leaves real
variables unaffected after a monetary shac&ince wages and prices are directly linked in this
case, the above described dampening effect on prices isfempIThis results in a slower ad-
justment to the new equilibrium and higher initial spendifigne increased spending translates
into higher income of workers and business owners. The l@a@lso raising their subse-
guent expenditure that is spent partly in the same periode\whces are still comparatively low.
Hence, the sequential structure of the model provides anamplification mechanism. The
transmission of the changing wealth distribution on realaldes via heterogenous labor-supply
and demand decisions turns out to be of limited importance.

In order to establish empirical evidence, | estimate theadyio responses to a monetary expan-
sion of a range of variables. A comparison of the model respsto their empirical counterparts
shows that the model does well in reproducing the impulsparse functions of these variables.
Specifically, output, inflation, labor, wages, profits, \@lg and expenditure dispersion rise after
a monetary expansion, while markups and the interest rigeifa., a liquidity effect is observed.
The theoretical prediction of a negative correlation bemveonsumption expenditure dispersion
and markups is therefore confirmed.

Models of segmented asset markets in which only a part of ¢pailption participates in an
open-market operation of the central bank go back to Grogssmd Weiss (1983), who develop
a Baumol-Tobin-type model of staggered money withdrawlgsequent work along these lines
focuses on the implications for financial variables. Alzaaed Atkeson (1997) show that such
a model of segmented asset markets can generate volatileeasidtent real as well as nomi-
nal exchange rates. In a similar model of a closed econonwgréz et al. (2009) examine the
dynamics of money, velocity, and prices. Alvarez et al. @0fevelop a model of endogenous
asset market segmentation and find plausible implicationgnferest rates, expected inflation
and exchange rates. Occhino (2004) uses a model where af plagt population is constantly
excluded from asset trading, and studies the implicationeoney and interest rates. Common
to these models is the exogeneity of output. An exceptioroieiRberg (1984), who combines

SBlanchard and Gali (2007) discuss extensively the caseabfvage rigidities and argue that they are an impor-
tant factor in shaping cyclical fluctuations. Among othatsp Hall (2005) employs them to explain characteristics
of empirical labor markets.



segmented asset markets with production based on capital fxed labor supply. He finds that
after a simultaneous increase in money and governmentdingsl of capital, output increases
and returns slowly to the steady state. However, becausarfaiqh competition optimal price set-
ting is not considered. This implies that firms continue tooige the potentially heterogeneous
composition of their customer base.

The implications of heterogeneous agents for price seétmtjabor-supply decisions were often
neglected because of complicated wealth effects, whisk after monetary injections that affect
only a part of the population. One solution to this problensweaoposed by Lucas (1990). In
his model, the economy consists of families that pool thesources at the end of the period.
A large body of literature uses this approach to build andutabe models of the transmission
of monetary policy, including Fuerst (1992) and Christighal. (1997). While tractability is
reached with this method, the heterogeneity of money hgtdia limited to the period of the
shock, eliminating longer-lasting wealth effects. SimjaAlvarez et al. (2009) remove wealth
effects by allowing for trade in a complete set of state-tm@nt assets. However, as also argued
by Menzio et al. (2011) in the context of a search model of igplomg-lasting non-degenerate
wealth distributions can have potentially important etfedn the present model, tractability is
reached despite unrestricted money distributions by afmimber of agents and an ownership
structure of shops that leads to a slow dissemination of ynavjgcted money throughout the
economy, as agents who did not benefit directly from the naogpénjection nevertheless receive
higher future income following such an injection. This maaism gives rise to persistent ef-
fects of monetary shocks due to second-round effects anomipleed long-lasting changes in
the wealth distribution. Because over time all agents irett@nomy benefit from the monetary
injection via increased profits and wages, the wealth 8istion returns to its pre-shock level in
the long run, thereby guaranteeing stationarity. Heneentbdel can be analyzed with standard
tools for the simulation of dynamic stochastic general Eoyiuim models.

The remainder of this paper is organized as follows. The misd#eveloped in section 2. Its
implications for the inflation-output trade-off are dissad in section 3. | calculate empirical
impulse-response functions in section 4, and compare tbgmetdictions of the model in sec-
tion 5. Section 6 concludes the paper. Appendix A derivesholds’ optimality conditions, in
appendix B the velocity in steady state is calculated, wdygeendix C isolates the pure demand
effect forn=2. Finally, appendix D derives the optimal number of bankgiiipsteady state and
appendix E lists data sources.

2 A model of sequential purchases

Standard models of monopolistic competition assume that agent is consuming an infinite
number of different varieties. Furthermore, although oseqal is assumed to be of considerable
length, all actions of the agents are done simultaneouslyding buying the varieties. If one is
to relax these assumptions, important changes for optind petting will emerge. In the fol-
lowing model purchasing consumption bundles takes timecastbmers spend positive amounts
of resources on each purchase. To account for these pottiange the standard model setup
as follows. The economy is populated by a continuum of corgarand firms. All consumers



and firm belongs to one of subgroups that comprise a unit measure of agents each. Tde mo
features shopping sequences similar to Grossman and V#8i83)(and Rotemberg (1984). In-
stead of visiting all shops simultaneously, each consunsésw. shops, one after another. After
having acquired all goods that enter the consumption buondlesumers aggregate and consume
their bundles. As in standard models, it takes the lengtmefperiod to buy a complete bundle.
The number of shops visited per consumer is thus finite, whach shop sells a differentiated
good® Note that this does not imply that the total number of shopthéneconomy is finite,
but merely that each consumer spends a positive amount ofyrmmneach good in a given pe-
riod. Furthermore, consumers cannot visit several shapslsneously. This, in turn, implies
that shops can influence the average price of their custoomrsumption bundle and therefore
customers’ consumption. However, because there is a eamtirof each type of shop, a single
shop has no impact on the economy-wide price level and sendgsa infinitesimal fraction of
the total population. Assuming additionally that each agesits a random new shop in her next
stage of the shopping sequence entails that there is negitranteraction between individual
shops, i.e., shop owners take the prices of other shops as.giv

Before starting their shopping sequences, consumersthiesibank, where they have access to
their account. All income from labor and dividends up to thant were transferred on this
account. At the bank, agents can participate without costhe asset market, dividing their
wealth in liquid and interest-bearing illiquid assét#s in, e.g., Grossman and Weiss (1983)
and Alvarez et al. (2002), only those agents currently pi@diing in the asset market receive
monetary injections from the central bahfter having settled their financial transactions, con-
sumers start a new shopping sequence, using the liquidsassgtayments. Each consumer
works in the last shop of her shopping sequence, receivirgeweacome on her bank accotint.
In addition, the consumer owns the shares of the same shapitsat the corresponding profits
also get paid to her account. After having worked, the corsurisits the bank, has access to
her income, and the sequence starts over again.

If it takes some time to acquire a consumption bundle, it igkaly that all consumers start and
finish their shopping sequences and adjust their financgdtast the same dates. | therefore
assume that the above explained sequence starts at differts in time for each consumer.
Specifically, each of the types of consumers is at a different stage of the sequendeoAd
sumers visit a particular type of shop at the same time, wihershops cannot price discriminate.
This assumption has the advantage that from the the shopsgiqaive, the setup is equivalent to
an economy with a representative consumer and uncertéiotyt éhe current stage of the shop-
ping sequence of this consumer. The timing of the model isahized in figure 1 for.=3. One
type of shop after the other is serving all customers, whilbgtween the visits there is always

5The case of a finite number of varieties was already discusg@&ixit and Stiglitz (1977).

"For the results it does not matter if the liquid asset alstdgisome return. In the linearized version of the
model it is only important that the illiquid asset dominates liquid asset in the rate of return.

8] also consider a version of the model in which all agentsivecepart of the injection, but access their accounts
at different times. Results are similar.

SAlternatively, one could assume that the consumer workkerfitst shop of the sequence. While this adds an
additional channel of internal propagation to the moddias the disadvantage of assuming that considerable time
passes until the agents have access to their wage inconah whs transferred to their accounts.



one type of agent consuming the bundle and passing by the badkanother one is working
for the next shop. Heterogeneity of agents arises endoggnioecause of the different points in
time when agents visit the asset market, resulting in pitindifferent money holdings.

As visible in the figure, | make the following assumptionsakeing the timing of information in
between the visits to two subsequent shops. First, one tiypgemt is consuming its bundle—
acquired over the course of the last shopping sequencets-th& bank and participates in the
asset market, where it receives a potential monetary injecfThe amount of this injection is
instantaneously common knowledge to all agents in the motle¢ agents at the bank divide
their assets in liquid and illiquid assets, and leave th&b@he shops that are going to be visited
next subsequently produce goods using labor input of thetagéth the next higher index, set
their prices and sell the produced goods to the customerse $he shop owners are free to
adjust prices and no new information arrives between pribatycprice setting, and sales, only
the amount demanded will be produced. Concerning notadigents are ordered such that the
agents with index start their shopping sequence at the shops with igdex In the following,

| will model representative consumers and firms of each ofiteebgroups.

Figure 1 about here]

2.1 Setup

Households Agent: maximizes her expected value of lifetime utility, which éegds positively
on consumptior©’, negatively on labor., and is non-separable in consumption and lefSure

[e’e) 1 .
Ur=E ) B [Cis(1 = Lis)"]"" (1)
s=t

where(; , is a consumption bundle consistingroflifferent goods:

n - i—1 -1 %
<Z Ciia(d) +Z Cif (])) v >1, (2)
=i =1

with C;+(j) being the consumption of agenbdf good;. If the consumer happens to start her
shopping sequence at the beginning of a period, she acdhee®mplete consumption bundle
in the course of a single period and consumes in the begirofitige next period. This is the
case for agent 1 only, who is the first in the period to visitihak and start shopping. The other
agents started somewhere in the middle of last period arsbooa this period. This implies that
they buy a specific good either in periodt —1 or ¢t. The period changes between shgpsn
andj=1.

While being at the bank, i.e., after having visited shepi:—1 (shopj =n for agenti=1), the
agent has access to her account. Her nominal labor ind®@me,; ;, a fixed cost of production
¢, and the dividend$l, ; of the shop of which she owns the shares have been transtertied
account! Furthermore, she can participate in the asset marketlivide her assets into illiquid

Ciy =

1
1
n -1

OFor a discussion of the properties (including balanced grpof this kind of utility functions, see King et al.
(1988).
n this setup, the fixed cost can be interpreted as a basg $atdahe worker.
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assets3; , (bonds etc.) and liquid asset$; ,(j) (money/checking account)Z; ,(j) > 0 denotes
agent:’s holdings of the liquid asset after having acquired ggodHence, after having used
the liquid asset for shopping in her first shop after the bankamount of\/; ,(7) remains. The
illiquid assets from last period pay the amoyht- r; ;) B; ;. Finally, the agent may also receive
a monetary injectioty; ;. The budget constraint of the agent who participates in$Betamarket
(1=7) is therefore

M; 1 (j)+Bis1+Pi(5)Cis(§) = (L+7rie) Big+H1L i+ Wit Ly +0+Si e+ M, 1 (j—1) i =j. (3)

The liquid asset can then be used for purchasing consumptfware the price of googlis P, ().
During the shopping sequence the agent has to obey a seaaslefn-advance constraints

M;i(5) + Pi(5)Cit(j) = M; (5 — 1) i # J, (4)
with M%t(O) = Mi,t,l(n).

If a change of period lies between two visits of shops, the imlex of the liquid asset changes as
well, as described in the last equation. | solve the modetutite assumption that all liquid as-
sets are spent during the shopping sequence);g(; —1) = 0.12 As, e.g., Grossman and Weiss
(1983), Rotemberg (1984), and Alvarez et al. (2009), | makeassumption that inter-household
borrowing and lending is not possible. This would contrattie structure of the model, in which
consumers are not visiting the bank during their shoppinggeece. Hence, consumers currently
at the bank do not engage in borrowing and lending with thewomers not at the bank.

Shops Producer; maximizes the profit function

I (5) = Yi(5) P (5) = Wi(G) Le(5),

where the wage can differ across firms because each shopysnapttifferent worker. However,
the shop takes the wage as given, i.e., each worker stan@sdontinuum of workers of the
same type, just as each consumer stands for a continuum s@icans of the same type. The
maximization problem is subject to a production functioattfeatures labor as the sole input

Yi()) = ALu(j) — @,

12This spending pattern is optimal if the following holds

U?L‘,t aczt > E, Uci,t+1
Pi(i—1)0C;+(i—1) P41

i1,

with a corresponding restriction far= 1. The price indexP; of agenti’s consumption bundl€’; is defined via
PC; = Z;;l Pi(j)C;(4). In order to support the above assumption, | check that twslition is fulfilled for
each agent in all shopping sequences when calculating s@pekponse functions. A similar approach is used by
Alvarez et al. (2009). Under normal circumstances, thigjiradity is always satisfied, since it is clearly not optimal
to carry over non-interest bearing liquid asset holdings/ben visits to the bank. The condition is violated only
for large shocks (more than +4.5 or less than -2.4 standatidtitns of the empirically estimated monetary shock
under all considered calibrations). Including a posititeady-state inflation rate would discourage carrying cash
over to the next period even further. However, in times ohhigflation, e.g., due to a strong negative demand
shock, agents would postpone their consumption. The modeldithus endogenously generate a liquidity trap. |
do not consider this kind of shocks in the present paperdawi this possibility for future research.
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where ¢ represents the fixed cost of production, see Christiana €1887). The technology
level A; is common to all firms.

Monetary authority The central bank controls the money supply. It does so byngetihe
monetary injections$; according to a money growth rule

St =nsSi—1 + €, (5)

which is the same as specifying a movement of the total motoek 8/, according toAM; =
nsAM;_1 + €. | assume that the central bank injects money only at the begrof the pe-
riod, simplifying the exposition. In the baseline scenar@ssume that the complete injection is
transferred to the account of the agent who starts her shggeiquence at the beginning of the
period, i.e.,5;; = S; andS;; = 0;V i# 1. As a sensitivity analysis, | also consider the case of
an equal transfer to the accounts of all agents in the econicenys; ; = S;/n V i. This implies
that all agents benefit from the monetary injection but axdes different points in time, namely
when visiting the bank. In this case, the customer base ofisteshop after an expansionary
monetary shock consists of one agent that has already eecaind withdrawn her part of the
injection, while all other agents did not have access ta th@ounts yet. The second shop faces
two agents that have already withdrawn their part of theciige and so forth.

In equilibrium, the aggregate money stotk has to equal money demand by the households.
This yields for the end of periotd

M, = Z M;,(n). (6)

Timing and ownership structure As described above, each agent receives dividends from the
shop where she has worked and shopped before entering tkd learagent receives her wage
and profits from shop—1. In addition, she also receives the fixed cgst Since dividends
and wages are paid on the account before the worker has aodigsaccount, the time index
changes if the period ends in between. This is the case fart dgevho receives the profits of
shopn. Hence in terms of notation we have

I, =1L(i—1) i#1 I, =111 (n).
For the same reason

VVi,t - m(i_l) ( 3’é 1 Wl,t = Wt—l(n)a

Li,t == Lt(Z_l) 7/ 7é 1 Ll,t = Lt,1<n).

2.2 First-order conditions

Because of the timing assumptions, some differences initecfider conditions arise relative
to a standard model. Notably, the consumers are heterogemeith respect to their money
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holdings, which changes the aggregate demand elasticiégfhy the producers. Furthermore,
besides their influence on nominal marginal costs, averagespof competitors affects individ-
ual optimal prices also directly because each consumerdiugy$inite number of shops. Due to
this different consumption behavior, price setting of finmaffected. For ease of exposition, |
assume perfect foresight in the following. Due to certagdgyivalence of the linearized system,
this does not change the results after a one-time shocknfilgies, however, many expression
that would involve expected values in a non-linear wWayFurthermore, in order to present a
concise exposition only the equations regarding the cage<of are presented.

Households While being at the bank, each agent has to decide how mucle d¢ifjlnd asset to
hold for the next shopping sequence, and how much to investhe illiquid asset for saving,
resulting in a bond Euler equation.

P,
i1 = B+ rie1) (PLH)\@HQ) .

i,t4+2
The expected marginal utility of consumption is

Aipr1 = Ci}il(l — Li,t+1)'u(170)-

Note that the agent decides on holdings of the liquid asséstie then uses for shopping, result-
ing in consumption in the following period. The first-ordenclition concerning the labor-leisure
trade-off is

i
MOZ‘I;J(l - Lz‘t)u(l_a)_l = BWi 2l s (7)
’ 7 "\ Pt

where the left hand side is the marginal disutility of woikiand the future price level and
enter because today’s wage can only be used for the comipgstypsequence.
Appendix A derives the demand elasticity of agéfdr good; with respect to the price as

€Ci () PG) = —Y T EpLGrpg) (Y — 1), (8)

whereep, ;) p,(;) IS the elasticity of the individual price index for the remiaig shopping se-
guence with respect to the price of gogdilso defined in appendix A.

Shops The first-order condition for the producer is
v (j)
OP(j)

whereY;(7) is the demand function, derived in appendix A. As usual, thneal price results
as a time-varying markup over marginal costs

[MCy(j) — B(5)] = Y2 (4),

. EC(§),P:(j .
P(j) = —SPU) )/ A, )
ec,(i),p() — 1

13The model equations under uncertainty are available upquest.

“Note that shops never want to charge an infinite price, eveugth customen spends all her remaining cash.
Starting from a very high value, setting a slightly lowergarincreases sales only marginally. This raises production
costs just a little bit but increases revenues a lot, as i per unit sold is very high.

8



with the absolute value of the aggregate elasticity being

ECL(j), () DPG)- (10)

=1
Equation (8) shows that the demand elasticity of an indizidgent lies between~ and—1, de-
pending on the number of remaining goods in the consumptiodle. It follows from equation
(10) that the aggregate elasticity is a weighted averagedofidual elasticities, with the weights
being determined by the consumption share of the respectmsumer. Finally, equation (9)
relates the markup of the firm to the aggregate elasticithénusual way. The optimal markup
is higher relative to the standard case of infinitely manydgod\ote that as in standard models
the firm is taking household expectations about future praegiven, i.e., a single firm does not
assume that its price setting affects future prices. Théigaons of the above pricing rule are
discussed in section 3.

Pre-set wages In the same section, | will also discuss the implications ofmmal and real
wage rigidities, as explored by Erceg et al. (2000) and sstggeby Christiano et al. (1997) for
enhancing the empirical success of limited participati@aaeis. Assuming that the fir§t work-
ers after a monetary injection cannot re-negotiate thaminal wages, equation (7) is replaced
by

Wi(i) =W i=1,...,&",
where variables without time indexes denote steady-stitees'® Because of the muted re-
sponse of marginal costs, a stronger output response ahdripgofits at the time of the shock
are generated under pre-set wages, as explained in moiklddtay. If | assume pre-set real
instead of nominal wages, equation (7) is replaced by

Wwy@) W :

= — =1,...,¢& 11

_Pt(l) P Z Y 7€ Y ( )
where " denotes the number of workers that cannot change their ragesvafter a mon-
etary shock. Pre-set real wages alone do not generate mpnmeia-neutrality, see also
Blanchard and Gali (2007). As under flexible wages, simeitauss monetary transfers to all
agents in the economy—independently if they are currerttij@bank or not, i.e., without as-
set market segmentation—Ilead to an increase in the priet Wathout any real effects since
no heterogeneous wealth levels arise. This heterogereit/remains the cause for monetary
non-neutrality under pre-set real wages.

2.3 Aggregation

Aggregation concerns the question how to derive aggregaiables from the heterogeneous
agents in the model. Aggregate output is defined as the summsofdriable over all producers in

5Note that pre-set wages can be introduced like this in theezbof impulse-response functions, where the
economy is at its steady state when the shock occurs. Forudation exercise, it is relatively easy to derive the
required equations.



one period. Since there is no government nor investmensuwoption equals output. Note that
by this convention aggregate consumption is not the consampundle of the utility function
but real consumption expenditure, as in official statisti€®ncerning wages, prices, marginal
costs, labor, profits, and the markup, | use averages ovpraducers in one period. All these
variables are counted in the period when production takasepl Since the agents participate
in the asset market at different times in one period, they#ezed potentially different interest
rates. The aggregate interest rate is defined as the ava@@gbmoney supply is the total amount
of the liquid asset in the economy at the end of the peYioeelocity can then be calculated given
aggregate output, the price level, and the money supply.

2.4 Steady state

The steady state is characterized by a fixed money stock aodstant technology level. Since
these are the only exogenous driving forces in the modebthér variables are also constant.
The only steady-state variable that will play a role later(mnthe calibration section) is the

velocity of money, which is derived in appendix B.

3 The inflation-output trade-off

To generate a sizable inflation-output trade-off, nomihalcks need to have an impact on real
variables. Furthermore, this impact might need to be amedlifo be quantitatively relevant.
This section shows how the heterogenous wealth distribusioesponsible for generating real
effects of monetary shocks. The sequential structure ofrtbeel together with rigid real wages
then delivers the needed amplification, as discussed iloee&2. As an alternative, | will also
consider the case of modestly rigid nominal wages, whichhieyniselves create real effects of
nominal shocks. They too are amplified by the sequentiatttre.

Under flexible prices and wages, monetary policy affects vaaables only by changing the
wealth distribution via segmented asset markets. Whilerdéisaelting impact on household’s
heterogenous demand and labor-supply decisions resalts tihe underlying Baumol-Tobin
structure, the influence via its impact on firm’s pricing dgmns is due to the novel form of
endogenous markups. Price setters face a trade-off betewgeacting more profits from the
customers with a low elasticity, and loosing profits from tustomers at the beginning of the
sequence, who might substitute to shops that come laterimctlv. In this decision context,
a monetary shock influences the markup in the following wayca&h injection reaches only
those agents currently visiting the asset market (or, redtarely, reaches these agents earlier
than others). After having received the injection on thestssarket, the agents start a new
shopping sequence. Thus, their demand elasticity is highth€more, their relative weight
rises because of their increased consumption share. Thegadg demand elasticity increases,
leading to a countercyclical markup after expansionary etemy shocks. A countercyclical
markup is crucial for achieving procyclical real marginakts (wages). It also dampens the

18This ensures comparability with the data, which measusestak end-of-period money stock.
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initial inflation response and thereby increases demandsd& mechanisms generate the initial
short-term inflation-output trade-off. Put differentlynfis avoid being first to raise prices to the
new steady-state level to attract more of the richer (antédriglasticity) customers. Over time,
more and more agents benefit from the initial injection vevated nominal wages and profits,
which are higher for those shops that employ agents with areased labor supply. Since
the dispersion of income from wages and profits levels off atdwly, the wealth distribution
remains heterogenous for a prolonged period, leading tg-lasting responses. The risen
money supply depresses initial interest rates becausdsagemently at the bank have to be
induced to hold more money, causing a liquidity effect.

In order to demonstrate that this channel is the most impbrbae, | additionally lay out
the remaining two alternative transmission mechanismsdei@mand and labor supply. The
effect of a changing wealth distribution on households’ dedi+—even without any price
movements—can be isolated in a thought experiment in whicpri@es jump up directly to
the new steady-state value after a monetary shock. Equasphetween all firms eliminate
any impact of heterogeneous labor supplies on the disimibutf final goods prices’ With
prices being the same for all producers, changes in demanahdy due to wealth effects. The
resulting effect on aggregate output is actually (small)arefative. The agents that receive
the injection spend the extra amount during the curse of gf@pping sequences. Initially,
however, all other agents cannot increase their spendirigegsdid not yet benefit from the
injection. This missing expenditure hinders total perigereding to immediately reach its
new steady-state level. Hence, while prices have alreadypga up to the new level, nominal
expenditure is below its new long-run value. This decreasgsut’® Hence, the effect of the
monetary injection on heterogenous demand per se cannlairexpe inflation-output trade-off,
as it predicts the wrong sign. A more detailed demonstrdton =2 is given in appendix C.
The heterogenous wealth distribution can have an impaceahvariables also via its effects
on labor supply. Depending on the size of the individual wea&iffects compared to the
substitution effects, the heterogenous labor supplieslaitively richer and poorer workers
can push aggregate output up or down. While this is an irnttageaspect in itself, | skip an
extensive discussion because the quantitative effectlasively small. Sensitivity analyzes
later in this section and in section 5 of changing the integeral elasticity of substitution,
thereby also changing the size of the wealth effect, showttlewealth effect's impact on
heterogenous labor-supply decisions has a very limitedanfie on the maximum response
of real and nominal variables. As argued above, the largésttehus stems from pricing
decisions. A sensitivity analysis in section 5 shows thahfixhe markup, i.e., allowing only
for the remaining two transmission channels, reduces tpaatof monetary policy drastically.
For all of the considered channel, the time-varying weal#tridbution—created by the seg-
mented asset markets—is necessary to generate an inftatipat trade-off. If a monetary
injection reaches all agents independently if they areenitly at the bank or not, the money

In fact, the labor-supply equation cannot be observed sidhse (e.g., by imposing rigid real wages for a long
period), as heterogenous labor-supply decisions can gineot be squared with equal prices.

8Note that the dispersion of money holdings still prevaitspérticular, since only few agents participate in the
asset market at the time of the monetary injection, the bimsited participation mechanism is effective, yielding a
liquidity effect.
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distribution is merely shifted upwards and nominal vamglump to a higher level while real
variables are not affected. This can be seen by multiplyilhgominal variables, including the
cash-in-advance constraints (4) of agents currently aglirig, with a scalar (observing that in
equilibrium B =0). Note that this is also the case under pre-set real wages.

3.1 Impulse-response functions for the basic setup

In order to demonstrate the basic mechanism of the modetef@shows the impulse-response
functions after an unanticipated monetary policy shock.85% to the money supply at=0

for the simplest case, namely= 2, flexible wages, ang,, = 0. A lower number of shops
visited leads, ceteris paribus, to a lower elasticity ofssiibtion. To achieve a steady-state
markup of 20%, the parameterhas therefore to be set to 21. The remaining calibratioretarg
are as in table 1 in section 5. The figure compares the bassifwation of an intertemporal
elasticity of substitution1(/o) of 1/3 and a Frisch elasticity of 1/2 (black solid lines) the
cases of a Frisch elasticity of 1/3 (red dashed-dotted)imes 5 (blue dashed lines), and= 2
(green dashed-dotted lines), each with a Frisch elastdiy2. The results are similar across
calibrations. Except for profits, the model does qualisiwvell in reproducing the empirical
impulse-response functions of section 4. Profits fall dua targer increase in the real wage.
They rise after a monetary injection for higheror sticky wages, though. As in the empirical
counterpart, velocity falls on impact but fails to rise ab@ero in subsequent periods.

Figure 2 about here|

Quantitatively, however, the model fails to deliver emgatiplausible results if compared with
the empirical evidence of the next section. In particulammal costs (i.e., wages) increase
relatively quickly. | therefore introduce modest wage diges, whose interaction with the se-
guential structure and the endogenous markups strongliifaaphe responses. | begin with the
description of the effects of nominal wage rigidities andgider real wage rigidities next.

3.2 Wage rigidities

If the first¢™ shops after a monetary shock face constant nominal wagesnabmarginal costs
and therefore nominal prices charged will remain lower thathe flexible-wage case. Also
modest degrees of wage rigidities have a large impact orubatping to the sequential structure
of the model. Customers anticipate that prices will evelituaach the new equilibrium level
and therefore spend more in the early shops with low pricée. higher revenues raise income
of workers and business owners during this initial subgkneho increase their expenditure in
the next shops to open (potentially still in the same timeogr

While pre-set nominal wages alone generate real effectsmimal shocks, this is not the case
for rigid real wages. In this case, the described impact dfamging wealth distribution are re-
sponsible for real effects, while the combination of prereal wages with endogenous markups
amplifies the responses. Initially, the changed wealtfridigion exerts a negative pressure on
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markups and induces shops to reduce prices. With pre-detagas, nominal wages are directly
tied to prices, keeping prices at an even lower level. Aséttse of rigid nominal wages, lower
wages stimulate initial spending and therefore businessme and subsequent spending due to
the sequential structure. The downward spiral of lowergwiand wages reaches an equilib-
rium because of the following counteracting force on theogeshous markups. A lower price
increases the expenditure share of the respective goodlividnal consumers’ baskets. This
raises the market power of the corresponding shop, which pasitive influence on markups.
Consequently, prices stabilize at a lower level, wheredhws effects counterbalance each other.
Hence, although markups do not move very much—they are inctatstant during the period
of pre-set real wages—their endogeneity in the pricerggfiroblem generates large effects; it
implies that low initial prices are consistent with the opal markup decision of firms after a
monetary injection.

Figure 3 about here]

To illustrate the above discussed mechanisms, figure 3 ghletesponses of prices and markups
of individual shops after a monetary injection. The sizentd tnjection and all other parameters
are as in figure 2. For demonstrational purposes shop humbamiked by agent 1, faces a rigid
real wage after the injection, while the other does not. &mdixed real wage implies a fixed
markup, the first shop keeps it constant in the first periodiugang the movement of the average
markup) and charges a relatively low price, as explainedv@bdhe second shop reduces its
markup and also charges a price below the new steady-siate fBecause of the low prices,
output and nominal revenues are above the new steady-state [The latter are paid to the
agents that own and work in the respective shops, whichasesesubsequent spending (still in
the first period in case of agent 2) and prolongs the hetesmgenwealth distribution. In the
following period, the first shop faces a customer with resi high money holdings in the last
part of her shopping sequence, namely agent 2, who receigbdévenues due to the pre-set
wage in her shop. Her spending of all remaining cash in thoep sheates an incentive for higher
markups. However, since the shop does not want to forege satbe other customer who is in
the first stage of her shopping sequences and has therefibrer lsibsolute money holdings and a
higher elasticity of substitution, the increase in the rogris tiny. Nominal wages are still below
the new steady state, as the price level needs more timdyafijust, such that shop 1 still sets a
comparatively low price. Shop number 2 keeps its markupaediecause of the heterogenous
wealth distribution but faces a risen nominal wage, whiareases gradually. Hence, output is
still comparatively high for both shops. This continuesilymtices have converged to the new
steady-state level. The same pattern also emerges forrhighihe shop that faces the richest

195pecifically, lower prices increase purchases and thexéfierrelative weight of the specific good in customers’
baskets and their individual price indexes. Price increaddow-price firms thus lead to larger reactions of indi-
vidual price indexes’; ;(j) (see equation A-5) and thereby to a muted reaction of the fafij)/P; .(j) and a
smaller demand response (see equation 8). This reducechdestesticity increases optimal markups for lower
relativ prices. Equation (11) then states that firms whiaimca re-set their real wages keep the same markup as
before the shock. Keeping a constant optimal markup candhlysbe reached via lower prices. Hence, prices and
nominal wages rise more slowly to the new equilibrium and $iincrease sales and output. Furthermore, since
markups (and, as usual, wage demand) depend positivelyropetdors prices, prices are strategic complements.
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agent in the last part of her shopping sequence sets a ed{aliigh markup, while all other un-
constrained firms lower markups in the period after a mogetapansion. All firms, however,
raise prices only slowly to the new long-run level.

Introducing wage rigidity can therefore deliver resultattare also quantitatively in line with
empirical evidence. To this end, section 5 brings the manléhé¢ data by using plausible val-
ues for wage stickiness and the number of bank visits. Bdfosethe next section establishes
empirical evidence.

4 Empirical evidence

To compare the predictions of the model to their empiricalrterparts, | calculate impulse-
response functions to monetary shocks based on time seriggefUnited States.

4.1 Data and estimation procedure

The series employed are the log of the gross domestic pr¢@i®), the change in the log of
the GDP deflator (inflation), corporate profits of non-finah&éirms, hours worked, real wages,
velocity, M1, and the federal funds rate (FFR). Additiogaihe inverse of real unit labor costs
is used as a proxy for the markup, see Gali et al. (280Fpllowing Clarida et al. (1999), the
data start in 1979Q3, the date when Paul Volcker was apmbettairman of the Fed, and run
through 2009Q4. Finally, in order to investigate the haedermus impact of a monetary shock on
consumers, | include the standard deviation over consurnutas consumption expenditure.
For sources and details of the data, see appendix E. Thefidatwn scheme follows standard
techniques. Specifically, | estimate a VAR of the form

A(L)}/}/ = €,

where A(L) denotes a matrix polynominal in the lag operatorA constant and a linear trend
is omitted to simplify the exposition. In the baseline resgien, the lag length is four and the
vectorY; includes four variables

In(GDP,)
Inflation,
In(Profits)
FFR

Y, =

Identification is achieved by the assumption that a changesifiederal funds rate has no impact
on real variables in the same quarter. This implies th@) is lower-triangular and the interest

20This approximation holds in the model, as flexible priceslinthat output prices are set as a markup over
marginal costs.

21This variable is calculated from the panel of householdstanted in Krueger and Perri (2006). | also include
an impulse dummy in 1986Q1 because all households of theleaim@ange at that date. The series starts in 1980Q1
and ends in 2004Q4, such that the VAR has to be adjusted angbyravhen this variable is used.
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rate is ordered last, or second-to-last if M1 or velocityiacduded. See Christiano et al. (1996)
for further details. In order to economize on the degreesesddom, | re-estimate the VAR six
more times, replacing in turn profits with the logs of houhg inverse of real unit labor costs,
real wages, velocity, the monetary base, and consumptjpeneiture dispersion.

| Figure 4 about here]

| Figure 5 about here|

4.2 Impulse-response functions

The estimated responses of the variables under consulerate plotted in figures 4 and 5.
Dashed lines represent bootstrapped 90% confidence itgdrased on 1000 replications. The
results are in line with established views in the literafifrafter an unexpected fall in the federal
funds rate of 100 basis points, output, inflation, hours wdrkinit labor costs, velocity, M1, and
profits increase. While inflation and output rise by arouredshme amount, real wages increase
by much less. The finding of an increase in the monetary bdse afall in the interest rate
documents a liquidity effect. As discussed in Christianale1997), rising profits constitute a
problem for standard sticky-price models. Additionallguie 5 presents novel evidence on con-
sumption expenditure dispersion. As visible, this vaeatthanges significantly, documenting
a heterogenous impact of a monetary-policy shock on expeedi The increase in dispersion
shows that mainly consumers with high expenditure levetebeinitially. The response returns
to its pre-shock level after around one year.

5 Simulation

After having established empirical evidence, | computeithpulse-response functions of the
model and compare them to their empirical counterpartsrderao do so, | linearize the model

around its symmetric (and unique) non-stochastic steatg and solve the resulting system of
linear equations using standard techniques.

5.1 Calibration

The baseline parameters used for the simulation of the madetummarized in table 1. The
elasticity of substitution between the varietigss chosen such that the markup in steady state
is 20%, see Rotemberg and Woodford (19¥3Different values are used in the literature for

22See Christiano et al. (1997), who report similar findingstfa responses of output, inflation, interest rates,
wages, and profits. Altig et al. (2011) include velocity aslyeelding almost the same picture as here. Gali et al.
(2007) also report a falling markup after an expansionargetary shock.

23Rotemberg and Woodford (1993) report values between 20%4@#6 Due to the finite number of goods in
the consumption bundle, the monopoly power of firms for amyivés higher relative to the case of infinitely many
goods. With infinitely many goods the markup that corresgdndhe chosen would be 15%.
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the coefficient of relative risk aversion Basu and Kimball (2002) report empirical findings
for its inverse, the intertemporal elasticity of substaat ranging from 0.2-0.75. The Frisch
elasticity of labor supply was estimated between 1/3 ando§/Pomeij and Flodén (2006). |
choose a parameter constellation in the baseline calioratith o =3 and a Frisch elasticity of
1/2 (u = 0.65). Later in this section | conduct a robustness check reggrttiese parameters,
employing 2 and 5 for and 1/3 for the Frisch elasticity. The fixed cost is set suct the
steady-state profit share corresponds to the empiricahgeesfs.1% over the sample period.
Concerning the length of one period, note that in this modeheagent visits the asset market
once every period. Hence, the length of one period detesio@ often agents re-optimize their
asset holdings. | follow Alvarez et al. (2009) and use one wsdhe length of one perigt.The
latter authors refer to Vissing-Jgrgensen (2003), who shbat around 1/2 to 1/3 of households
trade in asset markets in a given year, which would correspgoreven longer periods of 2-
3 years. Christiano et al. (1996) find that households’ asdetnot change significantly for
one year after a monetary policy shock, such that the chdiame year seems appropriate.
Furthermore, appendix D shows that this frequency of assgtimization turns out to be optimal
in steady state for relatively small costs of reoptimizirsget holdings. The discount factor is
therefore set to 0.96, implying an annual steady-stateasteate of four percent. The parameter
n determines how often the bank is visited by different agentsne period, and thus governs
velocity. Choosing: = 14 implies, according to equation (B-2) in appendix B, a stesidye
velocity of 1.87, corresponding to the mean over the emglisample. The money growth rate
after a monetary policy shock is estimated in the VAR modelesition 4 to be 0.36 in quarterly
terms, implying an annual value fpi, of 0.36* since the model does not allow for intra-period
injections?®

| Table 1 about here|

Concerning the degree of wage stickiness, a large bodyeshtiire employs a Calvo-lottery
scheme for generating a slow adjustment of nominal wagesvahies used for the correspond-
ing Calvo parameter range from the estimates of 0.64 in G&mis et al. (2005) to values of 0.72
in Altig et al. (2011) and 0.75 in Erceg et al. (2000). | coibem to pre-set wages along the
following thought. During the time of pre-set wages, firmamat adjust at all, while afterwards
firms are free to adjust fully. | therefore set the length @& fire-set wage period such that it
corresponds to the time when half of the wage setters castaafier a shock in a Calvo-style
model. With a Calvo parameter of 0.7, this period is aroune quiarte?’ | will therefore con-
sider a small friction of nominal wages being pre-set fagtdlly above one quarter. With=14

24pgain, see the appendix for data and their sources.

25Alvarez et al. (2009) use values between 11 and 38 for theiabia N, assuming that each month a fraction
1/N of households are active in the asset market. In the presedélmeach household participates in the asset
market in every period. This implies that one period has gtlenf N months.

26The responses do not change if alternatively each agernves@monetary injection of 0.36 times the injection
that was received by the agent who visited the bank last. @islyersions increase somewhat. However, notation
would become more cumbersome with intra-period money figes.

27 etting ¢ denote the quarterly Calvo parameter, a fraction ef ¢¢ adjusts in the period of the shock. One
quarter later, this fraction reach@s-£¢) (14£¢), whichis1/2 for €¢ = 0.707 and 0.48 for the value of Altig et al.
(2011). Thus, a little bit less than half of the price settpist after one quarter.
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this implies{™ =4, i.e., the first four shops in the period cannot change traitinal wage after

a monetary injection. Furthermore, | will ugé =3 as a robustness check, such that wages are
pre-set slightly below one quarter, as well&s= 3 for a further investigation of the model’s
mechanics.

| Figure 6 about here]

5.2 Impulse-response functions

Figure 6 shows the theoretical responses to an unantidipptsitive shock to the total money
supply of0.55%, corresponding to the observed change of the money stodieifirst period
after an expansionary shock in section 4. | consider seeasas for the labor market frictions,
described in the previous section. The baseline calibratith {* = 4 (wages pre-set for 1.14
quarters) is plotted with a solid black line. A shorter digatof " = 3 (wages pre-set for 0.86
guarters) is depicted by the red dashed-dotted line. Thatiregimpulse-response functions are
quite similar. In order to isolate the effect of asset madegmentation | also explore the case
of pre-set real wages, as discussed in section 3.2. Thespomding impulse-response functions
for £" =3 are plotted with blue dashed lines in the same figure. Whéeset nominal wages cre-
ate another channel through which monetary policy can afést variables, pre-set real wages
do not. This friction alone does not create monetary norrabty, as shown above. Combined
with the sequential structure of the model, however, a gt inflation-output trade-off is cre-
ated. Additionally, the green dashed-dotted lines showttaeendogenos markup is crucial for
generating sizable respones. They represent a scenarioich firms ignore the heterogeneity
of their customer base and set constant markups, i.e., theuman equation (9) is fixed to its
steady-state value.

As in the basic scenario in section 3.1, prices rise only lawereby increasing demand. This
reaction in sales raises profits, despite the falling mark&eal wages increase by a small
amount. The higher money supply depresses interest rates agents currently at the bank
have to be induced to hold more money, resulting in a liquieftect.

Figure 7 about here]

Comparing figures 4 and 5 with figure 6 shows that the model mibdest wage rigidities per-
forms fairly well in replicating the empirical responses.ut@ut, inflation, profits, and hours
increase by around the same amount as found in the data. Alsoity rises by an empirical
plausible value, without the initial fall. An exception tsetreal wage, which responds much too
little in the model compared with the point estimate in satd. Also the markup responds more
strongly in the data, potentially indicating that there htige more influences on markups than
considered here. However, the estimated confidence itdesf/both variables are very wide and
include the theoretical responses. Furthermore, theasiteate falls less then the corresponding
reaction in the data. In terms of persistence, the model cessonably well in generating an
internal propagation mechanism. The responses of mangbltas are similarly long-lived as
their empirical counterparts. Notable exceptions aretiofta velocity, and hours, which return
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to their steady-state values quicker than the correspgnaisponses of the VAR. Considering
the stylized structure of the model without capital andHartfeatures that would add additional
persistence, the proximity of most responses to their eogbicounterparts in terms of size and
length is quite satisfying. Note that the model is able tovéelquantitatively plausible results
without resorting to high markups and/or a high labor-symbésticity, which Christiano et al.
(1997) report as crucial for the empirical success of a blasited participation model. The
biggest failings are the small impact of monetary shockdenr¢al wage and the short response
of velocity.

Figure 8 about here|

Figure 7 plots the standard deviations of selected vaadteoss consumers or firms after the
same shock as in the previous exercise. Again, the blaclstareds for™ = 4, the red dashed-
dotted line for¢™ = 3, and the blue dashed one fgr= 3. The values for money holdings and
(consumption) expenditure refer to dispersions acrosswuoers. The remaining plots depict
dispersions across shops, where this measure coincideslisfersions across consumers for
wages and hours. Except for the nominal wage, variablesiasal terms. As mentioned before,
the increased dispersion of money holdings, i.e., monelydséiwn from the bank for shopping
trips, is important for generating real effects. But sinca$ are visited sequentially, also output
and markups are dispersed over firms, leading to quite lafigeahces in the reaction of profits.
While the real wage develops similarly for all workers, howorked differ to a larger extent
because of the heterogeneous wealth distribution. Theghi@uof an increase in the dispersion
of prices after a monetary shock if empirically supportedBlayke and Wynne (2007). Also the
dispersion of consumption expenditure across individoalsamers increases significantly, in
line with the estimate in figure 5. In the model, a part of th@uydation benefits (or benefits
earlier) from such a shock and increases expenditurese whe remaining population profits
later via second-round effects, leading to a subsequenttied in expenditure dispersion. The
empirical response is a bit shorter lived, though. In sumniodel does satisfactorily in gener-
ating dispersions that are consistent with the sparsemegjee., it predicts a crucial interaction
between the level of aggregate variables and their dispessi

5.3 Sensitivity analysis

As discussed in the calibration section, values for therteteporal elasticity of substitution
(IES) and the Frisch elasticity of labor supply are estirdatehin broad ranges in the empirical
literature. | therefore calculate the impulse-responsetfans for four different parameter con-
stellations in figure 8. The black lines reproduce the baseatalibration § = 3, = 0.65, i.e.,
IES=1/3, Frisch elasticity=1/2), while the red dashedetblines depict the case ef=3 and

1 =0.38, corresponding to an IES and a Frisch elasticity of 1/3 edble.blue dashed lines plot
the case o =5 andu=0.71, implying an IES of 1/5 and a Frisch elasticity of 1/2. Figathe
green dashed-dotted lines result frems-2 and;. = 0.59, that is an IES and a Frisch elasticity of
1/2 each. As visible in the picture, the model predicts venjlar results for all considered cases.
Since the intertemporal elasticity of substitution goetime reaction of the marginal utility to
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changes in consumption, variationsiichange the wealth effect on (heterogenous) labor-supply
decisions. The impact response of GDP and hours worked aléeted and the responses of
the remaining variables change little, with a reduced perace for lower values of. Note that
during the period of pre-set wages hours worked are detexdrbg demand, which dampens the
effective wealth effect on labor supply.

| Figure 9 about here

| also explore the alternative distribution mechanism fog monetary injection described in
section 2. In this scenario, the central bank transferslegqunaunts of money on all accounts in
the economy g, .= S;/n V i), where the total increase in the money stock is as beforealgz
of the staggered bank visits, each agent has access to heioghiae injection at different points
in time, i.e., when visiting the asset market. This mechargenerates the impulse-response
functions in figure 9, showing that it is not crucial that thematary injection is concentrated
in the hand of a single agent for a sizeable inflation-outfade-off to emerge. | consider the
same parameter variations as in figure 8. Slightly hump-athapsponses for output, inflation,
hours, and profits emerge, in line with the empirical evigertairthermore, velocity now falls on
impact and then rises, also a feature of the empirical ingprédsponse function in figure 6. On
the other hand, profits and the interest rate react less #faneh The lower response of output
is due to the lower money supply during the initial period of4set wages and low prices.

6 Conclusion

Introducing the slow spreading of newly injected money aseifects on price setting and labor
supply in a model of segmented asset markets with modest vigigéies (real or nominal)
can replicate several empirical observations: 1) a skont-tinflation-output trade-off after a
monetary injection, 2) quantitatively empirical plausilimpulse-response functions for output,
inflation, hours worked, profits, expenditure dispersiarg gelocity after monetary injections,
3) a liquidity effect, 4) a countercyclical markup at the filewel, and 5) procyclical wages after
monetary shocks. Without wage rigidities, the impulsgoese functions for most variables are
gualitatively in line with the evidence. The model genesatenicrofounded, internal propagation
mechanism which does not rely on capital or sticky prices,douthe slow spreading of newly
inserted money. This can be seen as a way of describing teet®#f central bank actions,
where only parts of the population benefit through first-beffects, while others are affected
indirectly and later. Because shops and consumers takesfptices and quantities into account
in an overlapping manner, forward-looking behavior of bgithups results even without capital,
sticky prices or wages. Furthermore, the distribution oheoholdings represents another state
variable. The sequential structure of the model is theeefesponsible for richer dynamics,
which could also be interesting for the analysis of othedkiaf shocks or effects of anticipation.
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Tables and Figures

Parameter Value Calibration Target Value
Intratemporal elasticity of subst. v+ 7.51 SS Markup 20%
Coefficient of rel. risk aversion o 3 Intertemp. elasticity of subst. 1/3
Weight on leisure i 0.65 Frisch Elasticity 1/2
Fixed costs ¢ 0.071 Profit share 5.1%
Discount factor G 0.96 SS interestrate 4%
Total # visits to the bank n 14  Average velocity 1.87
Autocorrelation of money shockp,; 0.36* Quarterly autocorrelation 0.36
Wage stickiness £ 4 Time until 50% of all shops adjust 1.14 Q.

Table 1: Baseline calibration of the model

Monetary Monetary
Shock Shocl 1
Shop 1 Shop2 Cons. Shop3 Shop 1
Consumer 3 l l % l l
Work—Bank
Shopl Cons. Shop2 Shop 3 Shop 1
Consumer 2 1 % l l l
Work—Bank Work
Cons. Shop 1l Shop 2 Shop 3 Cons. Shopl
Consumer 1 % l - l l % l
Bank Shopping Sequence Work ——Bank
t t+1

Figure 1. Timing of the model.Notes: 'Shop;’ denotes purchases at shop of type'Bank’ the
participation in the asset market. 'Cons.’ stands for constion of the previously bought bundle, while
arrows depict the transfer of income from labor and busiretwity to the account of the respective
agents. Thick lines represent shopping sequences.
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Figure 2: Theoretical responses to an unanticipated exgaary monetary policy shock &t0
under flexible wages for=2. Black solid lines:.o=3, Frisch elasticity=1/2. Red dashed-dotted
lines: Frisch elasticity=1/3. Blue dashed lines:5. Green dashed-dotted lines=2. Notes:
Horizontal axis denotes quarters, vertical axis shows gations from steady state.
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Figure 3: Theoretical responses to an unanticipated eigary monetary policy shock at0
of individual shops fom=2 with real wages set in advance for one shop. For desanitio
different lines see figure 2lotes: Horizontal axis denotes quarters, vertical axisvshog deviations
from old steady state.
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Figure 4: Empirical responses to an unanticipated expaasyamonetary policy shock at0.
Solid line: point estimate. Dashed red lines: bootstrag@ confidence intervals based on
1000 replications.Notes: Horizontal axis denotes quarters, vertical axisvshiog deviations. For
description of the data, see appendix E.

Figure 5: Empirical responses to an unanticipated expaasyamonetary policy shock at0.
For description of different lines see figure Motes: Horizontal axis denotes quarters, vertical axis
shows log deviations. For description of the data, see ajp&h
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A Derivation of households’ optimality conditions

This appendix derives equation (8) in the main text. Durimg $hopping sequence, the con-
sumer is optimizing the value of her consumption bundle. MMheciding about the amount of
consumption of good, this yields the condition

FTG)
Sy Palh) =

Let n,;,(j) denote the number of remaining goods in the bundle of agestarting at good.
Now define the corresponding price index of ageiutr the remaining shopping sequeree

Ci,t<j> = Mz’,t(j - 1)- (A'l)

i—1 li'y
P(j Pl . A-2
The binding CIA constraint for the remaining shopping sempeads thus

Cit(§)Pia(j) = Miy(5—1), (A-3)

whereC; ;(j) is the aggregate of the remaining goods of the sequence ofage

v

C’M ) = Z C .
(nz 1+(J) k= )

The demand of agentfor variety j, equation (A-1), is then

Ciulj) = ( h() )_7 Cinld)

Pi(j) ni(7)
The demand elasticity of agenfor good; with respect to the price, ,(;),r,(;),» can be derived

from this equation. Note that because of equation (A-3) weba | ;) 5, ;) = —1, such that
€0uG)P) = =7+ ERLGLP (Y — 1), (A-4)

where .

1 ( R) ) o
e p) = —— | 2o (A-5)
Py (5),P(5) ni4() <-Pi,t(])

is the elasticity of the individual price index with respéatthe price of goodj, see equation
(A-2).

Since shopping periods overlap, shops face consumersfaratdif stages of their shopping se-
guence. Market clearing requires that production equaid ttemand, which is for good at

timet . R
= Zci,t(j) Z < Pt((]]))) Olt(]) (A-6)

Nit (])

28



B Derivation of velocity in steady state

Becausen measures the total number of bank visits of all agents dusimg period, velocity
depends on this parameter. In any moment of time there isgerd an each stage of the shopping
sequence. Money held by the agent when entering the lastsheap sequencéy/ (i—2), divided
by the steady-state price level equals per capita consampér shop. Total output is per capita
output per shop times?, since there are agents ana shops. Hence,
n?M(i — 2)
Y =———=.
P
To relateM (i —2) to the total money supply/, note that in steady state—according to equations
(4) and (6)—the following holds

M= M(n) = Y kM(i—2) = WM@' ).

Hence, ,
2n M
Y =— — B-1
n(n+1) P’ (B-1)
and steady-state velocity is given by
2n?

= —. B-2
v n(n —1) (B-2)

C Pure demand effect

As mentioned in the main text, the case in which prices jumditgrtly to the new steady state
level allows for isolating the pure demand effect. For edsexposition, | will use the simple
version ofn =2 and an injection equal to 1% of the old period-expendituvellecorresponding
to an increase in the money stock of 1.33%, see equation.(Bdgnt 1 receives the injection
and spends half of it in both shops of her shopping sequeng®jaes are equal. Agent 2 spends
what she has left from the previous period, i.e., the olddstestate cash level in the second stage
of a shopping sequence/(: — 2). Taken together, this increases business income by 0.5% of
the old steady-state expenditure level in the first shop emdfigure 1 illustrates the sequences
for n = 3), received by agent 2. This consumer will spend half of ithe second shop, which
corresponds to 0.25%. Agent one spends her remaining 1Reoitection, increasing total
expenditure in the second shop by 0.75%. Total period experds therefore 1.25% above the
old steady state.

In the long run prices move one-to-one with the money stoek, they increase by 1.33%.
The mentioned injection thus increases prices to 1.33%ewad seen above, initial expenditure
increases only by 1.25%. Hence, aggregate output falls byadl amount.
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D Optimal number of bank visits in steady state

In this appendix | calculate the optimal number of bank sigit steady state. Using a slight
modification of the model, one can show that the assumedédrexyuof bank trips—besides be-
ing in line with empirical evidence—can be justified by sntalsts of optimizing asset holdings.
In the following, | assume that agents have the possibiityisit the asset market several times
during their shopping trips. Furthermore, they receiverdarest rate from the central bank on
their accounts that offsets the steady-state inflation Batehis this assumption, the money sup-
ply grows at the inflation rate (the real money supply is canisin steady state) and monetary
neutrality would obtain in the benchmark case of no assekea@egmentation, i.e., free with-
drawals at all points in time. In this case, agents would ¢ withdraw just as much money
as needed for the next shop. With a positive steady-stationflrate, longer shopping trips
reduce the purchasing power for a given withdrawn nominalegdalance. Introducing a cost
of visiting the asset market generates a trade-off betwegmg this cost for obtaining liquid
assets and suffering the reduced purchasing power due ationfl Otherwise, the model is as
described in the paper. In the analysis here, | implicitlyuase that agents do not change their
habits in the short run, i.e., the optimal number of bankstdppends on steady-state inflation.

| consider a simple modification of the model by subtractimgst X for visiting the asset mar-
ket to re-optimize asset holdings from the utility of congion activity. The cost represents the
required time and computing costs for an optimal portfoloice?® This gives the following
utility function

S e

where the consumption bundi& consists of several subbundigg ;) in the following way

1 n—m %
C; = (—1 > Qi(k:+1)> .
Y g=0,m,2m...

Here,x is the number of visits to the bank in one period ands the number of goods in each
subbundle. Since then also denotes the number of subbundles, wexget= m. Assume
for simplicity that subbundles consist of the same amougfoaids, i.e.n/z is an integer. The
subbundle”; (j) of agenti consists of individual goods starting at shpp

j+m—1

k=j
Now definé® X
1 Jj+m—1 -
th(]) = <E Z Ptly(k)>
k=j

28\/ery similar results obtain if the cost is assumed to be auesoloss which reduces available funds for con-
sumption.
29 add a time index to variables that exhibit a trend in steadies The equations are for agént 1.
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as the corresponding price index of the subbundle. The stetatle gross inflation between each
pair of shops is denoted Hy (annual inflation then amounts {q;"_, IT). Hence,P,(j + 1) =
I1P(j). We therefore get

1
m—1

Bﬂﬁzaw<%ZﬁWVQWzamwn (c-2)

k=0

The CIA constraint for the subbundle reads as
mT=C 7 (§) P () = M, ,(5—1), (C-3)

wherel, ,(j—1) is money held after the bank was visited (prior to skipdn order to assess the
loss of purchasing power due to infrequent visits to thetasseket, consider the case of zero
steady-state inflation. In such a situation, prices of gandise subbundle are equal, and

co
M, (j-1) = R(j)m=",

definesC? /n as the (equal) real amount per good that the agent would asecim this case.
Inserting this into equation (C-3), using equation (C-23)ds

~y—1

L CY N\ -
¢t = ()
and 0
Ci= @(;;) = g(z). (C-4)

For the zero-inflation casd = 1, we gety =1 andC; = C?. Higher inflation rates reduce pur-
chasing power, such that consumption under a positive wigtate inflation equals consumption
C? in the case that goods of each bundle are equally pricedjetidy(x) as defined in equa-
tion (C-2). For high values of the elasticity of substitutig, agents buy larger amounts of the
goods in the beginning of the shopping sequence becauseighariwillingness to substitute
between goods, thereby avoiding coming price increaseis. |dersy for a given value of1.
g(x) — g(x—1) is positive and increasing i, and decreasing im for IT > 1. The first-order
condition for the optimal number of trips to the barik resulting from the utility function (C-1),
is then

g(a*+1) — g(a*) < K < g(a*) — g(a*~1).

This equation implicitly determines the optimal number ahk visitsz*, given steady-state in-
flationII. A lower steady-state inflation lowers the optimal numberipf to the bank, therefore
increasing the number of goods in each subbundle betweeshiliee consumer effectively sub-
stitutes. The average demand elasticity thus increasescoanpetition effect, lowering optimal
prices. We therefore get, ceteris paribus, a stimulatifecebn the economy from low steady-
state inflation via enhanced competition (note that thisniethect on the level of economic
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activity via reduced markups, but not on the growth rate).

Given the above, it is possible to numerically calculate db&émal z*. Assuming an annual
steady-state inflation of 2% (approximate average inflatb&in the U.S. over the last 15 years),
each agent’s purchasing power in terms of steady-stateiogutgon increases by 0.48% if they
divide the shopping sequence into two, i.e., visit the asweket after half the bundle. Hence,
the costsk have to be larger than this number in order to get 1, as assumed in the paper.
Interestingly, Alvarez et al. (2002) assume a fixed cost ¥%Ofor transferring money from the
asset to the goods market. In the data of Krueger and Pef6§20.5% of the sum of average
annual expenditure for food and nondurables (the mostlik@h goods) for an individual is 45
US$, which seems to be a reasonable number for visiting thet asarket and optimizing asset
holding, once the required time for information gathering aomputing costs are considered.

E Data sources

Data for section 4 are taken from the OECD Economic OutlookGCD 2010a), OECD.Stat
(OECD 2010b), and the Bureau of Labor Statistics. All datafar the United States; the time
period is as indicated in the main text with four additionahgers for the four lags of the VAR.

From the OECD Economic Outlook: ‘Gross domestic productlune - market prices’, ‘Gross
domestic product - deflator - market prices’, ‘Velocity of ney’, ‘Wage rate of the private
sector’ divided by ‘Consumer price index’, ‘Unit labor cast total economy’ divided by
‘Consumer price index’.

From OECDStat: ‘Narrow Money (M1) Index 2005=100, SA" anthfhediate interest rates,
Call Money, Interbank Rate, Per cent per annum’ (quartedy, mean of last month in quarter).

From the Bureau of Labor Statistics: ‘Measure: Hours. Sedtonfarm Business, s.a. Series
Id: PRS85006033".

From the Bureau of Economic Analysis: ‘Profits before taxtifaut IVA and CCAdj) (nonfi-
nancial corporate business); Seasonally adjusted at bratasa’ (billions of dollar) from NIPA
Table 1.14. divided by ‘Consumer Price Index’. For the cltan of the profit share: ‘Gross
domestic product’ (billions of dollar).

From the webpage of Fabrizio Perri: ‘texpl: Total consumpéxpenditures’ (deflated) divided
by ‘pers: adult equivalents’. The values are expressed8211984 constant dollars. The sample
runs from 1980Q1 through 2004Q1. A more detailed descnptan be found in the appendix of
Krueger and Perri (2006). The variable used in the VAR is taedard deviation of the resulting
series divided by its mean.
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