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Abstract

This paper proposes a novel mechanism by which changes idistréoution of money
holdings have real aggregate effects. Specifically, | dgvel flexible-price model of seg-
mented asset markets in which monetary policy influencesaggeegate demand elasticity
via heterogenous money holdings. Because varieties oliogptson bundles are purchased
sequentially, newly injected money disseminates slowlgughout the economy via second-
round effects. The model predicts a short-term inflatiotpoutrade-off, a liquidity effect,
countercyclical markups, and procyclical wages after namyeshocks. Among other corre-
lations of financial variables, it also reproduces the eitglirnegative relationship between
changes in the money supply and markups.
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1 Introduction

A recent wave of empirical studies delivered importantghss into the distributional effects of
monetary policy (Coibion et al. 2017, Furceri et al. 2017,rMaz and Theophilopoulou 2017).
A related strand of literature theoretically analyzes titeriaction of agents’ heterogeneity with
the transmission channel of monetary policy that works wmimal frictions (Ravn and Sterk
2016, Gornemann et al. 2016, Broer et al. 2016, Luettick& 2Baplan et al. 2018). In this pa-
per, | ask a connected, but different question: can theibligional effects of monetary policy
themselves cause real aggregate effects? To answer thssaqd develop a model of seg-
mented asset markets in which, absent nominal frictionsetamy policy changes the distribu-
tion of consumers’ money holdings. Because this heteratyenduences the price elasticity of
aggregate demand, firms’ optimal markups and hence outpctt as well. As earlier segmented
asset market models, which typically neglect the impactahetary policy on output, the model
can also replicate empirical regularities concerning forvariables. In this way, it simultane-
ously correctly predicts the effects of monetary policy othireal and financial variables, which
are mostly analyzed in isolation. More generally, the mat#ghonstrates that the distributional
effects of monetary policy cannot be easily separated flaai teal effects.

In the model, heterogeneous money holdings are a resultdrefjuent portfolio adjustments.
Once in each period, consumers divide their labor and fie&mecome between an interest-
bearing illiquid and a liquid asset. The latter is neededpiarchasing consumption goods on
a shopping trip, on which consumers visit one shop after thero The trip starts after the
consumer has adjusted her portfolio. Consumers are heteoog with regard to their money
holdings because of two reasons. First, wealth differeacsg, as only those consumers who
are currently participating in the asset market benefit fraonetary injections and no state-
dependent assets are traded. Second, since consumeripptatin the asset market at different
times within a period, each consumer has visited a diffemenber of shops since replenishing
her money holdings. Because of the latter reason, consushen® beginning of their shop-
ping sequence are more price sensitive. They still need ¢medow to allocate their expen-
diture, as they can substitute across all shops further dboeshopping trip. Since shops can-
not price-discriminate individually, they face a tradé4oétween extracting higher profits from
low-elasticity customers by setting high prices, and ating more sales from high-elasticity
customers by setting low prices.

This trade-off, and hence the optimal price, is altered & distribution of money holdings in
the population changes, e.g., as a result of a monetarytimjecSince the injection reaches
only those agents who currently participate in the assekeband then start a new shopping
sequence, the injection is concentrated in the hands ofdlagticity consumers. Hence, the
aggregate demand elasticity rises, such that the shopged/iséxt avoid being first to increase
nominal prices to the new steady state. Instead, they attrae purchases from the customers
who have benefited from the injection by keeping prices ixadbt low, that is by lowering their
markup. Lower markups imply higher output, such that a stesrh inflation-output trade-off
and, conditional on monetary policy shocks, countercgtinarkups obtain. Both effects cor-
respond to empirical observations, but were so far not thedof the segmented asset market
literature. Holding markups exogenously fixed in the préseodel generates a version which
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Figure 1: Reaction of various markup measures to an expaarsiononetary policy shock
(left) and relation between money supply changes and mariuift). Left panel: reactions
to a 1 percentage point decrease in Federal Funds Rate, diasbdck series by Coibion et al. (2017) and
local projections. Red-dashed lines represent 90% NewestAHjusted confidence intervals, horizontal
axis denotes quarters. Right panel: blue line depicts admimgM1, red line the inverse of the markup
(price deflator divided by total unit costs, both for non-final corporations). Variables are quarterly, in
logs, HP-filtered (smoothing coefficient of 1600), and stadized. Vertical axes denote percent.

is similar to those earlier models, as output remains constathis case. Their successes—
liquidity effect, negative relationship between expedtdthtion and the real interest rate, neg-
ative correlation between velocity and the money-to-comstion (or output) ratio—are repli-
cated. Previous models, however, have not replicated@sktfeature at once. Variable markups
then add the effect of heterogeneous money holdings on gatgreeal variables. Contrary to
New-Keynesian models, no nominal rigidities are neededtain monetary non-neutrality.

Output, inflation, labor, and wages are predicted to riseradt monetary expansion, while
markups, velocity, and the interest rate fall, i.e., a lijyi effect is observed. Because of the
sequential structure, the model predicts an increase idifipersion of prices after a monetary
shock. All these predictions are in line with existing engal evidence. Given that the cyclical
nature of price markups is subject to a longer debate, | ptesgporting new evidence in the
left panel of Figure 1. It shows the reaction of several messitor the price markup after an
expansionary monetary policy shock; all of them indicatégaiicant negative responseThe

The monetary transmission channel via heterogenous mandings does not preclude the existence of other
channels. In particular, the mechanism of the model canlzsocombined with small degrees of nominal fric-
tions to generate large real reactions to nominal shockss ddm, e.g., reconcile estimates of relatively small
menu costs with empirical evidence on the effects of moggtaticy shocks, see Christiano et al. (1999) and
Golosov and Lucas (2007), among others. Alternative waybtain real effects of monetary shocks in this setup
work via heterogeneous demand unrelated to price moverardtgia heterogenous labor supply. Neither has been
explored in this context so far. As discussed in Sectionfo@jever, the former predicts the wrong sign. Depending
on the calibration, the latter can go in the expected divectiut does not add much to the mechanism through
price setting presented here. | hence focus on the noval-gatting channel and leave a deeper investigation of the
alternative channels for further research.

°The markup measures use alternative series for prices asts.co Following Galietal. (2007) and
Nekarda and Ramey (2013), | also include measures thattddjupotential biases due to differences between
average and marginal wages as well as overhead labor. Appéndists all measures and relates this evi-
dence to the debate in the literature, which focuses prasmtly not on cyclicality conditional on monetary



present theoretical setup also predicts a negative ctoelbetween changes in the money sup-
ply and the markup, which corresponds to empirical evidasogell. The right panel of Figure 1
plots the change in M1 and the inverse of the markup, showe®y comovement that results
in a correlation of .37. To my knowledge, the model is unigm®ag flexible-price models in
replicating this correlation.

In the present model, tractability is reached despite imgete markets and unrestricted wealth
distributions by an ownership structure of shops that ldads slow dissemination of newly
injected money throughout the economy. Agents who have enx¢fited directly from a mone-
tary injection receive higher labor and business incomer dlfte injection. These second-round
effects give rise to longer-lasting changes in the distidsuof money holdings and thus to per-
sistent effects of monetary shocks. Tractability allowstmeolve an approximated version of
the basic model and to derive the effects of monetary pol@haically. More complicated se-
tups of the model can be analyzed with standard tools forithalation of dynamic stochastic
general equilibrium models.

There are, however, two quantitative predictions of thedba®del that do not square well with
the empirical evidence. The monetary injection requiredaf@ene percentage point fall in the
nominal interest rate is too high and, correspondinglyatidh reacts too much. Both features
arise because the friction on the demand side does not stog finarginal costs from rising
relatively quickly. | therefore demonstrate that a smalbamt of real (or nominal) rigidity of
marginal costs can amplify the responses for a given monetgaction. Specifically, in an ex-
tension | combine the discussed mechanism with modestelegfeeal wage rigidity. Rigid real
wages alone leave real variables unaffected after a mgngiack, i.e., heterogeneity’s effect
on price setting remains responsible for the real effectaafietary policy. Yet, the dampening
effect of the sequential structure on price reactions isldiegh The inflation response is thus
muted and an empirically realistic monetary injection iffisient to reach a given fall in the
interest rate. The setup with real wage rigidity and/or gdamumber of agents also predicts
a positive reaction of real profits to monetary injections,eanpirical regularity that standard
sticky-price models fail to replicate.

The remainder of this paper is organized as follows. Se@ioeviews the relevant literature.
The model is developed in Section 3, with analytical resolitshe basic setup being presented
in Section 4. | simulate the model numerically in Section BilevSection 6 concludes the paper.
The model solution for the basic setup is derived in Apperdikanalytically analyze the case
of real wage rigidity in Appendix B. Appendix C contains atbpfs of the paper. | isolate the
pure demand effect for two types of agents in Appendix D arncltate the optimal number of
bank trips in steady state in Appendix E. Appendix F contaimersion of the model in which all
shops are open in all subperiods. Appendix G describes timeat®n of the empirical evidence
in the paper and Appendix H lists data sources.

policy shocks. Data sources are presented in Appendix Hnteoeyclical markups are empirically supported
by Rotemberg and Woodford (1999) (see also referencesitihetgali et al. (2007), and Campello (2003) at an
industry-level. Chevalier and Scharfstein (1996) find Emévidence using supermarket data.



2 Relation to previous literature

There has been a long-standing interest in models of segohaestet markets, as they can repli-
cate some important empirical observations that standgmeésentative-agent models fail to ex-
plain3 In these models agents re-optimize asset holdings onkydqnéntly. Jovanovic (1982) de-
rives optimality conditions for this behavior in a generaligibrium model of the Baumol-Tobin
type, while Christiano et al. (1996) provide empirical sagp Alvarez and Lippi (2013) model
the optimal demand for a liquid asset in a related inventooglehand compare their results to
observed household management of deposits and currenitg, Altiarez and Lippi (2009) in-
vestigate the role of changes in the cash withdrawal teclyned, such as ATMs. Alvarez et al.
(2012) explore the reasons for the empirically observerenfent portfolio adjustments in a
model with observation and transaction costs. Appendixraatestrates that relatively low costs
of managing assets imply infrequent asset optimizatiotiserpresent model.

The literature of segmented asset markets goes back tor@aosand Weiss (1983), who develop
a deterministic Baumol-Tobin-type model of staggered nyonghdrawals. Because at each
moment in time only half of the agents participate in the tissrket and are directly affected by
an open-market operation of the central bank, those agawmésth hold an increased share of the
total money supply. They do so only if monetary injections accompanied by falling interest
rates. Hence, a liquidity effect obtains. Additionallyeats spend the increased money holdings
over the course of several periods, leading to a delayedaofadih oscillating) adjustment of the
price level after a one-time increase in the money supplye fHiet that standard sticky-price
models have difficulties replicating the liquidity effest discussed in Christiano et al. (1997)
and Khan and Thomas (2015), among others.

Subsequent work along these lines focuses on the implicafar further financial variables.
Alvarez and Atkeson (1997) show that such a model of segrdeagset markets can generate
volatile and persistent real as well as nominal exchangesralin a similar model of a closed
economy, Alvarez et al. (2009) demonstrate that a stochasidel in which agents visit the as-
set market eaclV > 1 periods can generate empirically plausible dynamics ofegowelocity,
and prices. In particular, they replicate the empiricalaieg correlation between the money-
to-consumption ratio and velocity, which is at the hearthaf $luggish adjustment of prices to
changes in the short-term interest rate. Alvarez et al.Zp@ddogenize the fraction of house-
holds that participate in asset markets at a given momeritne. t The resulting endowment
model can be solved analytically and is successful in raphg the observed negative relation-
ship between expected inflation and the real interest rateBarr and Campbell 1997 for early
evidence on this relationship). Velocity, however, is ¢ansin this setting as agents spend all
money holdings in each period. Occhino (2004, 2008) usesdehwehere a part of the popula-
tion is constantly excluded from asset trading, and analytze implications for money growth
and interest rates. Similarly, Williamson (2009) studies éffects of several central bank poli-
cies in an endowment model of segmented financial and goodeeteaa Khan and Kim (2017)
investigate the role of segmented asset markets for thewaiatribution.

3| deliberately leave out models with nominal rigidities hist overview, as they are less closely related to the
present paper.



Common to these models is the exogeneity of output. The guewiterature has thus analyzed
the implications of heterogeneous money holdings on thdibgqum responses of prices under
perfect competition, but not on optimal production decisio Exceptions include Rotemberg
(1984), who combines segmented asset markets with proaussised on capital and a fixed la-
bor supply in a model of perfect foresight and perfectly cetitiye markets. He finds that after
an increase in the money supply, output increases via highestment by a small amount and
subsequently returns to the steady state. On impact, hoyeapatal and output remain constant.
The model is analytically not tractable, i.e., only onedigihocks can be analyzed in a determin-
istic setting. Goods markets in Williamson (2008) are saged additional to financial markets.
As agents are uncertain about the goods market they willicgzate in and price dispersion be-
tween the markets is affected by monetary policy, modestataoy non-neutralities arises for
a high enough third derivative of the utility function viaghier labor supply for self-insurance.
Khan and Thomas (2015) develop a model of endogenous madkatesntation. In an extension,
they also study a production economy with perfect competitiThere, however, they do not
investigate the effects of monetary injections.

Setting markups exogenously constant in the present medalts in a version with constant
output that is similar to earlier segmented asset marketetsagith fixed output. It generates
several correlations of financial variables that those risadid not replicate simultaneously. The
main contribution, however, lies in the development of a mdannel leading from heteroge-
neous money holdings via aggregate demand to real variabtasial for the effect of monetary
policy on the demand elasticity is the heterogeneous, tianging customer base. This aspect is
related to Bils (1989), where a monopolist faces a traddetiiveen extracting profits from loyal
customers and attracting new ones. Relatedly, in Ravn €@l0), which builds on Ravn et al.
(2006), the presence of variety-specific ‘deep habits’ ginse to a current and a backward-
looking component in the demand function for individualigéies of the representative agent.
Prevalent problems regarding tractability point to a ma¥eeagal problem for the usage of early
segmented asset market models. The implications of heteemyis agents for price setting and
labor-supply decisions were often neglected because oplceed wealth effects, which arise
after monetary injections that affect only a part of the gapan. One solution to this problem
was proposed by Lucas (1990). In his model, the economy stsnsf families that pool their
resources at the end of the peribdd separate strand of literature uses this approach to build
models of the transmission of monetary policy to real vdeisbincluding Fuerst (1992) and
Christiano et al. (1997. While tractability is reached with this method, the hetengjty of

4In an alternative to Lucas’ method, Lagos and Wright (20GSuane in a search model periodic access for all
agents to a centralized market, where they choose the sameyrbalances, given a certain restriction on the utility
function.

5These models of limited participation represent an altareanodeling strategy to obtain a liquidity effect.
Fuerst (1992) and Christiano et al. (1997) introduce a éastdvance constraint to employ labor. This creates
real effects of changes in the nominal interest rate ancetber of open-market operations that are conducted
after agents have deposited money at financial intermegiafihese effects, however, arise only in the period of the
shock, even if monetary shocks are persistent. The modaisate neither a time-varying velocity nor the empirical
correlation between real interest rates and expectedimflatWhere the choice of optimal markups is addressed,
as in Christiano et al. (1997), they are set to a constant.cbhelation between changes in the money supply and
markups is hence (counterfactually) nil.



money holdings is limited to the period of the shock, eliniimglonger-lasting wealth effects.
However, as also pointed out by Menzio et al. (2013) in theexdrof a search model of money,
longer-lasting non-degenerate wealth distributions carelpotentially important effects. This
is also demonstrated by Lippi et al. (2015), who derive thinogd anticipated monetary policy
in a model with a non-degenerate wealth distribution. Thel@hcs tractable because there are
only two types of agents that exogenously switch betweengogioductive and unproductive.
State-dependent monetary transfers arrive at both aggmisistrically and money is the only
savings vehicle. Within models of segmented asset markearée et al. (2002), Alvarez et al.
(2009), and Khan and Thomas (2015) remove longer-run weétlts by allowing for trade in
a complete set of state-contingent assets that pay in tb&ebmge’ account of each household
(i.e., in the asset market). Money holdings of householdsdhe currently not trading are not
affected by payments of these assets. The distribution afendoldings of agents who have
visited the asset market in different points in time candfae be persistent. In the model
of the present paper, no state-contingent assets are tratiesiadds the longer-lasting wealth
distributions as in Grossman and Weiss (1983) to the disgem®ney holdings, without creating
problems for tractability.

3 A model of sequential purchases

Standard models of monopolistic competition assume that egent is consuming an infinite
number of different varieties, such that the amount spergamh variety is infinitesimal small.
Furthermore, although one period is assumed to be of caadilddength, all actions of all agents
are conducted simultaneously, including buying the veesetin the following I will relax these
assumptions and show that important changes for optimeé [@@tting emerge. Specifically,
purchasing consumption bundles takes time and customensi gositive amounts of resources
on each purchase. To account for these points, the mode@l sedis follows (several alternative
setups with the same conclusions are discussed in SecbpnThe economy is populated by
a continuum of consumers, where all consumers belong to bmegroups that comprise a
unit measure of agents each. Consumers buy varieties oficgteon bundles during shopping
sequences similar to Grossman and Weiss (1983) and Rotgr(t@84). That is, instead of
visiting all shops simultaneously, each consumer visighops, one after another. It takes the
length of one period to buy a complete bundle. Each shopeddielongs to a different type,
where all shops belong to onewfgroups that comprise a unit measure of shops each. All shops
of the same type sell the same variety.

The number of shops visited per consumer is thus finite. N@ethis does not imply that the
total number of shops in the economy is finite, but merely #a&h consumer spends a positive
amount of money on each good in a given period. Furthermangswimers cannot visit sev-
eral shops simultaneously. Taken together, this entalsstimops can influence the price of their
customers’ consumption bundle and therefore customerswuaption, yielding some market
power to shops. Because there is a continuum of each typeopEshowever, a single repre-
sentative shop has no impact on the economy-wide price ékkerves only an infinitesimal
fraction of the total population. Assuming additionallatieach agent visits a random new shop



in her next stage of the shopping sequence implies that ih@&@ strategic interaction between
individual shops, i.e., shop owners take the prices of atheps as given. After having acquired
all goods that enter the consumption bundle, consumereggty and consume their bundles.
Before starting their shopping sequences, consumersthiesibank, where they have access to
their account. Labor and business income of the respeabinsuner is transferred in this ac-
count. Agents can participate in the asset market only abainé, storing their wealth in liquid
and interest-bearing illiquid assétsAs in, e.g., Grossman and Weiss (1983) and Alvarez et al.
(2002), only those agents currently participating in threeasnarket receive monetary injections
from the central bank. After having settled their financrahtactions, consumers start a new
shopping sequence, using the liquid assets for payment$ ¢éeasumer (or another household
member) works in a shop of the type that she visits last inhepging sequence, receiving wage
income in her bank account. In addition, the consumer owaslkiares of a shop of the same
type, whose profits also get paid in her account. After hawogked, the consumer visits the
bank, has access to her income, and the sequence startgairer a

Because it takes some time to acquire a consumption bunddeynlikely that at certain dates
during the period all consumers visit the bank, while nobddgs so at other dates. | therefore
assume that the shopping sequence starts at differenspoititne for each consumer type, im-
plying that in any given moment each of theypes of consumers is at a different stage of the
sequence. That s, different consumer types visit diffesbops after having left the bank, but all
consumers visit a particular type of shop at the same timgnguhe type-specific variety. The
shops cannot price discriminate between individual custsmsuch that from the shops’ per-
spective, the setup is equivalent to an economy with a reptatve consumer and uncertainty
about the current stage of her shopping sequence. Congbgadimprices are equal in steady
state because of symmetry. The timing of the model is vizadlin Figure 2 fom = 3. One
type of shop after the other is serving all customers, winilegtween visits there is always one
group of agents consuming the bundle and passing by the dilke,another one is working for

a shop that opens next. Heterogeneity of agents’ moneyrgsddirises endogenously because
of the different points in time when they visit the asset nearlApart from the staggered bank
visits and shopping sequences, agents are homogeneoug hdveidentical preferences and
equal wealth in steady state.

| make the following assumptions regarding the timing obmfiation in between the visits to two
subsequent shops, as visualized in the figure. First, onpgragents is consuming its bundle—
acquired over the course of the last shopping sequence—isitgltiie bank. There, these agents
potentially receive a monetary injection and divide theisets into liquid and illiquid assets.
The amount of the injection is instantaneously common kadgt to all agents in the model.
Based on this information, the shops of the type that is gtorige visited next produce goods.
They then set prices and sell the produced goods. Since shegree to adjust prices and no
new information arrives between production, price settamgl sales, only the amount demanded
will be produced. Concerning notation, agents are ordewet that consumers of typestart

6Visiting the bank’ hence refers to rebalancing liquid aliduid assets. Placing money into a checking account
for later withdrawals corresponds to holding liquid asgethe model. It does furthermore not matter for the results
if the liquid asset also yields some return. In the lineatizersion of the model it is only important that the illiquid
asset dominates the liquid asset in the rate of return.
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Bank " Shopping Sequence Work | . Bank ‘
t t+1

Figure 2: Timing of the model:Consumer:’ denotes a representative consumer from typ&hop

4’ indicates purchases at shops of typeBank’ the participation in the asset market. ‘Cons.” skaifior
consumption of the previously bought bundle, while arrowpict the transfer of income from labor and
shop ownership to the account of the respective agentsk Tih&s represent shopping sequences, which
consist of a different shop order for each consumer.

their shopping sequence at the shops of type:. They work for a shop of the last stage of
their sequence, i.e., a shop of typel (where agents of typé work for shops of type:). In
drawing the figure, | use the simplifying assumption that etary shocks realize only in the
form of unexpected cash transfers to consumers of type leibélginning of the period. In the
following, | will model and refer to representative consumand shops of each of thetypes.

3.1 Setup

Households Agenti maximizes her expected value of lifetime utility, which dags positively
on consumptiord’, negatively on labof,, and is non-separable in consumption and leisure

e’} 1 .
U, = E, Zﬁsﬁ [Cs(1 — Li )" o >0, >0, (1)
s=t

where(; , is a consumption bundle consistingroflifferent goods:

~
~y—1

n N1 i—1 -1 y—1
Cip =n1—7 <Z CLtT—l(j) +Z Ci,t’y (])) v > 1, (2)
j=1

j=i

with C;.(j) being the consumption of Agentof goodj. | discuss how the number of shops
visited is calibrated to empirical data in Section 3.4. & tonsumer happens to start her shop-
ping sequence at the beginning of a period, she acquiresthplete consumption bundle in the
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course of a single period and consumes in the beginning afekeperiod. This is the case for
Agent 1 only, who is the first in the period to visit the bank dadstart shopping. The other
agents started somewhere in the last period and consume auttrent period. This implies that
they buy a specific good either in periodt —1 or t. The period changes between shgpsn
andj =1, where the time index of the consumption varietieg(;) refers to the period when the
good is purchased.

While being at the bank, i.e., after having visited Shopi—1 (Shopj = n for Agenti = 1),
Agent: has access to her account. Her nominal labor incmg.; ; and the profitdl, ; of the
shop of which she owns the shares have been transferrecstadtount. At the bank, she can
participate in the asset market, i.e., divide her assetsiliiquid assetsB; ; (bonds etc., which
are in zero net supply throughout) and liquid asskets(j) (money/checking account, whose
supply is determined by the central banR}); ;(j) > 0 denotes Agent’s holdings of the liquid
asset after having acquired gogd Hence, after shopping in the first shop after the bank, an
amount of/; ,(7) remains. The illiquid assets from last period pay the amount r; ;) B, ;.
Finally, the agent may also receive a monetary injectipn The budget constraint of the agent
who participates in the asset market(j) is therefore

M;1(j)+Birs1+Pi(j)Cis(j) = (L+71i)Big + 1L+ Wi Liy + Sin + M (5—1) =73, (3)

where the price of good is P;(j). Furthermore, defind/;;(b) = M, (1) + C;.(i)P;(i) as
Agenti’s holdings of the liquid asset when entering the first shopesfsequence, which equals
the amount of the liquid asset she took from the asset markehwisiting the bank. In equi-
librium, M .(b) will equal her business and labor income. This is equiveietie revenues of
the last shop to open, as the consumer owns this shop and thetes During the shopping
sequence the agent has to obey a series of cash-in-advarsteagas

M;(7) + Pi(5)Cii(3) = M; (5 — 1) i # J, (4)
with Mz,t(()) = Mi,t_l(n).

If the period changes between two visits of shops, the tirdexrof the liquid asset changes as
well, as stated in the last equation. | solve the model urteassumption that all liquid assets
are spent during the shopping sequence, M&(i — 1) = 0.” In Appendix E | derive the opti-

mal number of bank visits per period. Due to the segmentati@sset markets, inter-household

"This assumption is also made in similar models (see GrossmeaiVeiss 1983, Rotemberg 1984, and
Alvarez et al. 2009, among others), in contrast to models rafogenous asset market segmentation (e.g.,
Alvarez et al. 2002 and Khan and Thomas 2015). Exhaustirfglzalances is optimal if the following holds

UC?t 80125 > E, Uci,t+1
Pt(l—l) 801',15(2—1) Pi,t+1
with a corresponding restriction far= 1. The price indexP; of Agenti’s consumption bundl€’; is defined by
PC; = Z;‘:l P;()C;(j)- In order to support the above assumption, | check that thislition is fulfilled for each
agentin all shopping sequences when calculating impaspense functions or simulating the model. An analogous
approach is used by Alvarez et al. (2009). Under normal nistances, this inequality is always satisfied, since itis
clearly not optimal to carry over non-interest bearing libasset holdings between visits to the bank. The condition
is violated only for large shocks (more than +4.5 or less t2ath standard deviations of the empirically estimated
monetary shock under all considered calibrations). Iriolyid positive steady-state inflation rate would discourage

i1,
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borrowing and lending is not possible. Consumers curreattihe bank do not engage in bor-
rowing and lending with agents not at the bank. Those agemtsrtly trading are completely
homogenous, since they receive the same monetary injsctitence, in equilibrium no savings
flow into the illiquid asset, which allows me to derive a cldgerm solution of the model.

Shops Producer; maximizes the profit function

() = Yi(5) Pe(5) = Wi(5) Le(J), (5)

where the wage can differ across shops because each shopysragifferent worker, see Fig-
ure 2. The shop, however, takes the wage as given, as eaelseatative worker (shop) denotes
a continuum of workers (shops). The maximization problesuisject to a production function
that features labor as the sole input

Yi(j) = AL(j) — ¢, (6)

where¢ represents a fixed cost of production, see Christiano e1887). In this setup, it can
also be interpreted as a base salary for the worker. Intingubis cost and calibrating it to
match the profit share in the data yields pro-cyclical prafithe extended model version. The
technology levelA is assumed to be constant and common to all firms. Introdugitigne-
varying technology is straightforward, but not the focushe present analysis.

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

St = NsSt—1 + €, (7)

which is equivalent to specifying a movement of the total enostock)M; according taAM; =
nsAM;_1 + €. 1 assume that the central bank injects money only at the begjrof the period,
simplifying the exposition. Agent 1 is thus on the receivénge of these open-market operation.

Equilibrium  In equilibrium, the aggregate money stock in circulatidnhas to equal money
demand by the households. At the end of peritias yields the condition

M, = Z M; 4 (n) +Yi(n)Fi(n), (8)
1=2
where the nominal income of the last shop in the pekidd) P,(n) enters as it equals the amount

of the liquid asset in the account of Agent 1. Goods-markedrohg requires that production
equals total demand, which is for gogat timet

Y,(j) = Z Ci(j), Vi (9)

carrying cash over to the next period even further. Howeméines of high deflation, e.g., due to a strong negative
demand shock, agents would postpone their consumptiadinig#o a circle of deflation and higher savings. The
model would thus endogenously generate a liquidity trap hat consider such a shock in the present paper, but
leave this extension for future research.
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Agenti works for Shopi —1 (where Agent 1 works for Shop), see Figure 2. Labor market
clearing hence requires that labor supgly, and labor demand.;(i — 1) is equal for each
worker-shop combination

Li,t = Lt(l—l), 7 # 1 Ll,t = Lt_l(n). (10)

Wages are hence determined by the interaction of labor déw@8hop; —1 and labor supply
of Worker .

Timing conventions As described above, each agent receives dividends from a ahihe
same type as the shop where she has worked and shopped beénegethe bank. That is, the
representative Agerntreceives her wage and profits from the representative $hdp Since
dividends and wages are paid to the account before the whdseaccess to it, the time index
changes if the period ends in between. This is the case fontAgenly, who receives the profits
of Shopn. In terms of notation we therefore have

I, =1L(i—1), i#1 I, =T1,_1(n).

For the same reason, the time index is different for the wége (n) paid by Shom, Agent 1's
employer, and the wagdé’; ; she then finds in her account. Hence,

Wip =Wi(i—1), i#1 Wi, = Wi (n).

These timing conventions do not have any effects. Just llkettzer agents, Agent 1 has access
to her wage after having worked and before starting a newghgsequence. Her wage is free
to adjust to any value. By using this convention, | can use eerstandard timing for all other
agents # 1.

3.2 First-order conditions

Some differences in the first-order conditions arise n&datid a standard model. Notably, con-
sumers are heterogeneous with respect to their money kysldimd their stages in the shopping
sequence, which changes the aggregate demand elastieitylfg the producers. Due to this dif-
ferent consumption behavior, optimal price setting of picts is affected. Appendix A derives
the solution of a simplified and linearized version of the elagiith two agents. The first-order
conditions presented there provide further intuition #iddal to the non-linear conditions for the
general case considered in this section.

Households While being at the bank, each agent has to decide how mucle difjiid asset to
hold for the next shopping sequence, and how much to investhe illiquid asset for saving.
That is, the agents maximize the utility function (1) witlspect toB, ;,, subject to (3), result-
ing in the below bond Euler equation. In order to present aisenexposition, only equations
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regarding the case gf< ¢ are presented, i.e., all remaining purchases of the custesyiping
sequence lie in the current period.

P
Nip = [(1+ Ti,t)EtP !

it+1

)\i,t-i-lv (11)

where),; ; is the marginal utility of consumption, given by
)\i7t = C;tg(l - Li’t)u(l_g).

Note that the agent at the bank decides on holdings of théliggset that she then uses for
shopping, resulting in consumption in the following peridthe first-order condition concerning
the labor-leisure trade-off results from maximizing (1}iwiespect ta; ;, subject to (3).

MCz'l,t_U(l - Li,t)u(l_a)_l = 5m,tEtj\;t+l ; (12)
i1
where the left-hand side is the marginal disutility of wordi The future price level and; ;.
enter because today’s wage can only be used for the comirgpstypsequence. During the
shopping sequence, the consumer is optimizing the valueroédnsumption bundle. Deciding
about the amount of consumption of gofid.e., maximizing the value of the bundle as defined
in (2) subject to the cash-in-advance constraints (4)dgighe condition

_PG)
Sy Pi(k)
Let n;,(j) denote the number of remaining goods in the bundle of Agestiarting at the cur-

rent good;. Now define the corresponding price index of Agembr the remainingshopping
sequence as

Cii(J)

M;(5—1). (13)

i—1 T
E,t(j) = (nat(j)_l Z let_ﬁ/(k‘)> ’ (14)

k=j

where the division by, ;(j) occurs since the bundle consists of a countable number afsgoo
The binding cash-in-advance constraint for the remainiggpping sequence is thus

Ci,t(.j)f)i,t(j) = Mz,t(j_l)a (15)

whereC; ;(j) denotes the bundle of the remaining goods of the sequencgenftd

~

Lol y1
Czt(]) = (nzf (4) Cz‘f (k)> :

k=j
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Demand of Agent for variety j, Equation (13), can then be rewritterf as

uth) - (22 ) Cuald)
7 P4(j) nii(7)

This equation contains an important insight regardingot$fef sequential purchases. Demand
follows the same pattern as in a setup in which agents acthergoods of their consumption
bundle simultaneously, with the important difference ttiegt relevant price and consumption
indexes refer to the prices and goods of the remaining shgmaquence. The demand elasticity
of Agent: for goodj with respect to the pricesc, , ;) r,(j), can be derived from this equation.
Note that because of Equation (15) we haye, ;) 5, ;)= —1, such that

€Ci(h),P(5) = —7 + gﬁi,t(jLPt(j)(fy N 1>7 (16)
where :
1 P,(j) -
EP(5).P(G) = n; t(]) <PZ t(]) (17)

is the elasticity of the individual price index with respézthe price of good, see Equation (14).
In the standard case of simultaneous purchases of an infiaitéoer of goodss 5, , ;). p,(j) = 0
and agents’ demand elasticity equals the negative of they/ytarametery. It falls if there are
fewer potential substitutes, i.e., a finite number of go@&lshstituting towards the current good
becomes less attractive with a lower number of remainingrraditives, as diminishing returns
become more important for each of these alternatives. Ffetelitly, exploiting a lower-than-
expected price at some point in the shopping sequence esgaisubstitution away from all
following shops towards the current shop. If there are oely Ehops left in the sequence,
consumers can cut expenditure only on a small number of go8dsce large reductions in
the consumption of individual goods (as opposed to smallgions in the consumption of
many goods) lead to large losses of utility, consumers ane mmesitant to substitute towards the
current cheaper good in this case. As Equation (16) shoesldmand elasticity of an individual
agent lies therefore betweeny and —1, depending on the number of remaining goods in the
consumption bundle. The aggregate elasticity hence appesathe constant value efy for

n — oQ.

Shops Since shopping periods overlap, shops face consumerdéanatit stages of their shop-
ping sequence, see the goods-market clearing conditionT(®¢ first-order condition for the
producer results from a maximization of the profit functién s

Y (j)
OP,(j)

8The amount of previously bought goods changes optimal @mseshin the following subperiods only via its
effect on)M, ;. Intuitively, a higher value o€’; ;, resulting from higher previous purchases, increasesitentives
to raise consumption today. This incentive, however, isaflgpresent for the current and all coming subperiods.
Given that the consumer has no access to her brokerage achaing the shopping sequence, the overall level
of expenditure in all remaining shops in the sequence cdmmahanged anymore and the problem reduces to an
optimal allocation of current money holdings; ; across the remaining shop§;; ; can therefore be replaced by
M; + in the demand equation.

[Mct(j) - Pt(j)] = Yt(j)-
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As usual, the optimal price obtains as a markup over margost
Py(j) = MU (j)W:(5)/A, (18)

with
MU,(j) = _SC0)2G) (19)
£ai(). ) — 1

and the absolute (positive) value of the aggregate elgshbeing

ECL(), (i) DPG)- (20)

Equation (20) states that the aggregate elastigity) r,(;) a given shop faces is a weighted aver-
age of individual elasticitiesc, , ;). p,(j), With the welghts being determined by the consumption
share of the respective consumer. Equation (19) then sala¢emarkup of the firm to the aggre-
gate elasticity in the usual way. Note that, as in standardeatso the firm is taking household
expectations about future prices as given, i.e., a singtedes not assume that its price setting
affects future prices.

3.3 Aggregation

Aggregation concerns the question how to derive aggregaiables from the heterogeneous
agents in the model. Aggregate output is defined as the sunodfiption of all producers in one
period. Since there is no government nor investment, copgamequals output, where con-
sumption refers refers to consumption expenditure in theviing. Regarding wages, prices,
marginal costs, hours worked, profits, and the markup, | useages over all producers in one
period. All these variables are counted in the period whedyction takes place. Since agents
participate in the asset market at different times in onegethey are offered potentially differ-
ent interest rates. The aggregate interest rate is hencedefs the average. As measured in the
data, total money supply is the total amount of the liquicctssthe economy at the end of the
period. Velocity can then be calculated given aggregatpututhe price level, and the money
supply. Variables without indexes refer to aggregates.

3.4 Steady state

The (unique) steady state is characterized by a fixed aggreganey stock. Since this is the only
exogenous driving force in the model, all other variablesaso constant. The only steady-state
variable that will play a role later on (in the calibratiorcgen) is the velocity of money. Because
n equals the total number of bank visits of all agents during period, velocity depends on

In any moment of time there is one agent in each stage of thepshg sequence. Money held

9Note that shops never want to charge an infinite price, eveugth customer spends all her remaining cash.
Starting from a very high value, setting a slightly lowergarincreases sales only marginally. This raises production
costs by a small amount but increases revenues a lot, asdfiiggar unit sold is very high.
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by the agent when entering the last shop of her sequéii¢e;-2), divided by the steady-state
price level equals per capita consumption per shop. Totplubis then per capita consumption
per shop times?, since there are agents ana shops,
n?*M(i — 2)
Y =—-——~
P

To relateM (i — 2) to the total money supply/, note that in steady state—according to equa-
tions (4) and (8)—the following holds

n n 1
M= M(n) = Y kM(i—2) = %M(i _9).
j=1 k=1
Hence, o 1
n
Y = - 21
1P (21)
and steady-state velocity is given by

YP 2n
e 22
v M n+1 (22)

3.5 Alternative model setups

Many of the assumptions taken in the model setup can be ctlaxeeplaced by alternative
assumptions without changing the results. In the followiligf some of these potential changes.
For example, the results do not depend on the assumptiomthgiven subperiod only one type
of shops opens. In Appendix F | derive a version of the modethiich all goods are sold in
each subperiod and each continuum of consumers of the spaslits its expenditure evenly
over all goods. As shown in the appendix, shop-specific kgachange in this setup but period
aggregates of all variables are as in the baseline model.

In the baseline setup and the above alternative, an indiVchnsumer buys only one variety per
subperiod but faces no switching costs and no informatiicéions. Allowing for simultaneous
purchases of all varieties together with switching cost;dslemperer (1987) can lead to the
same prices as in the baseline setup, even with relativelygWatching costs. Intuitively, in this
setup each shop is locally a monopolist, where locally ssiea certain range around the current
price. The same conclusion can be obtained in models witlesg@l search and positive search
costs, see Diamond (1971) and von zur Muehlen (1980). Haweven without switching or
search costs, the main conclusions remain valid if a numiifferentiated shops can be visited
simultaneously by each consumer (results are available tgouest).

Since shops of the same type are symmetric, it furthermoes dot matter whether each con-
sumer owns shares of a specific shop or a portfolio of shargisayfs of the same type, such that
all workers of the same type together own all shops of a spdgiie. The current setup thus
resembles a model of different ‘islands’ in this respectrkeos work for and own shops of the
same type, which may also represent different sectorslantis’.
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In the model, agents work for the last shop of their shoppeguence. Alternatively, one could
assume that they work in other shops of the sequence. Whdadtlls an additional channel
of internal propagation to the model, it has the disadvantdgassuming that considerable time
passes until the agents have access to their wage inconine ¢atrent setup, agents access their
labor income directly after it has been transferred to taegounts.

Lastly, instead of assuming a zero net supply of the illicagdet, an alternative setup with gov-
ernment bonds issued in positive net supply can be obtasligint modifications of the budget
constraint (3). A lump-sum tax needs to be introduced to firanterest payments and other
government expenditures in this case. While positive taadd naturally reduce consumption
in steady state, the conclusions about the effects of mgngtdicy would remain unaltered.
However, the correspondence of monetary injections to opgrket operations would be more
apparent: the central bank can inject or extract money bygihg the composition between
B; and M;. A similar reasoning is applied in Alvarez et al. (2009), wihe difference that the
current setup is simpler in the sense that bonds are notstatengent.

4 The monetary transmission mechanism

In this section, | analyze the monetary transmission mdshaim the basic setup of of the model,
thatisn=2,n,=¢=0ando=1. As in the exposition above, the central bank injects neweyon
only at the beginning of a given period, such that Agent 1 ishenreceiving end of this open-
market operation. To obtain analytical results, | lineardnd solve the model in Appendix A.
In particular, | derive the reactions of individual consumand price-setters to monetary policy
shocks in Appendix A.2. In the following Section 4.1, | sumira the results for aggregate
variables, calculated in Appendix A.3. | will first state thealytical results in a compact way
and then provide the corresponding intuition in Section &&ction 4.3 contrast the results to a
version with fixed markups.

4.1 Analytical results

Lower-case letters denote percentage deviations frondstgate except foi;, which denotes
deviations of the nominal interest rate from steady stafgeitcentage points. In order to obtain
stationary variables, the variahlg represents percentage deviations from steady stat&,fap,;.

For the same reasom, ;(j) andm;.(b) stand for percentage deviations from steady state for
M;.(j)/P:(j+1) and M, (b)/ P.(7), respectively. Remember that money holdings of agents
when leaving the bank carry the indexLemma 1 obtains, which presents the dynamics of the
only endogenous state variable, money dispersion. It iseléfas the average dispersion across
consumers when entering each shop, i.e., the averageetifiebetween money holdings of the
agent who has just visited the bank(;(b) in Shop 1 andn.,(b) in Shop 2) and the agent in
the second and last stage of her shopping sequencg) in Shop 1 andn, ;(1) in Shop 2). In
terms of notation, this corresponds to

mt — ml,t(b) ;mgﬂg(O) + mg’t(b> ; mLt(l)‘
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Lemma 1 features the parameterwhich depends on assumptions regarding the flexibility of
markups and wages. | will consider the cases of flexible nagkiixed markups, and real wage
rigidity. In each case, a proposition that states the cpmeding value ot completes the solution
of the model, together with lemmas 1 and 2.

Lemma 1 Under the basic setup the dynamics of the average moneysispéollows

P YOS
my = P my—1 + €t

2

where the autocorrelation coefficienis given by

z(y—=1) =z

-1 1 —1)  1\* 20z-1) 1

_ Be-) 1 [(BrnE-D 1) 2e-1)
2z(y —1) z 2z(y —1) z

The reactions of the aggregate variables are summarizéé iimlowing lemma.

Lemma 2 The other endogenous aggregate variables depend on maspsrsiion as follows:

1—x 1 . 11—z /1
Y=l = T, m = (1-x) <—+p) (1—p)mt_1+[x+—<—+p)]et,
z z 2 z
1—=z By—1Y\ . 1 .
muy = — B (1 + ;b) my, By = (1—1) <; + P) (1 = p)ri,
1-— —1 —1 —14 1—p?
wy = x<1+§_’y )mt, 'it:|:x ik +2}$ pmtv
z wy+3 z z -1
where the change of the price of the first shop to open after a monetary injecbbe, = 1 is
given by ) a1
0<x:z( — /3= < 1.
z—1

As laid out in the introduction and the literature survew, thain innovation of the present model
is endogenous price setting of firms in the context of segeteasset markets. Allowing firms
to chose their optimal markup results in the following prsition.

Proposition 1 The dynamics of the basic setup with flexible markups folleveguations of
lemmas 1 and 2 with 4

z =

=~ =

resulting in
ol <1,

that is, stationarity of the dispersion of money holdings.

Given the stationarity of the model, Proposition 1 togethign Lemma 2 describes the reactions
of the other endogenous variables to a monetary injectionnsarized in the following corollary.
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Corollary 1 After a positive monetary injection, the dispersion of nyom&dings increases on
impact and converges back to zero in the long run. Outpubdabe real wage, inflation and
expected inflation rise, while the interest rate (nominal agal) as well as the markup decrease.
All variables return to their steady-state values in thegaoan, except for the price level and the
nominal wage that stabilize on a higher level.

According to Lemma 2, real variables and the nominal interate are directly linked to the
time-varying dispersion of money holdings, arising due égrsented asset markets. Without
segmented asset markets, a monetary injection reacheagealisaindependently of their current
stage in the shopping sequence. The money distributioninsnad the steady state = 0),
markups stay constant, and nominal variables jump to a highkel while real variables are not
affected. This follows directly from Lemma 2 far, = 0. It can also be seen by multiplying all
nominal variables, including the cash-in-advance coimgtzg4) of agents currently not trading,
with a scalar (observing that in equilibriuf ; =0).

4.2 Intuition

Corollary 1 describes the real effects of monetary shoaksing from the following intuition.

A cash injection reaches only agents currently visitingabget market. Those agents then start
a new shopping sequence. That is, the numbgj) of remaining goods in their consumption
bundle is at its maximum, the total number of goods in the economy. As they are stilidieg
where to spend the injection, those agents’ demand ekggsdiigh, see equations (16) and (17).
Additionally, their expenditure weight in the populatiases, such that the aggregate demand
elasticity (20) increases. This shifts shops’ trade-ofideen extracting profits from high- or low-
elasticity (i.e., high/low:; ,(j)) customers towards low prices and high quantities. Pugdfitly,
firms avoid being first to raise prices to the new steady-$éate as the high-elasticity agents
generate a larger fraction of sales after a monetary ijectiA countercyclical markup after
expansionary monetary shocks results. The countercyatiaekup dampens the initial inflation
response and thereby increases demand. This mechanisratgsreshort-term inflation-output
trade-off. Countercyclical markups are also crucial fdriaging procyclical real marginal costs
(wages).

Proposition 1 implies stationarity of the model via a stadéity money dispersion. After a mone-
tary injection, the dispersion of money holdingsincreases since only one agent (Agent 1) is on
the receiving side of this operation. As Agent 1 spends dittee injection in the shop owned by
Agent 2, the first to open after the injection, Agent 2 benefasecond-round effects. However,
because demand and prices in this shop are still far fromtdaelg state, also Agent 2’s com-
bined labor and business income does not move to the newysséag value instantaneously.
Over time, revenue differences between shops eventualigivaand money holdings equalize.
Depending on the parameter values, the dispersion of indmmewages and profits levels off
only slowly, implying a heterogeneous wealth distributfon a prolonged period and thereby
longer-lasting responses.

This varying distribution of money holdings, generated bgraented asset markets, is a neces-
sary, but not sufficient condition for monetary non-neutyall he remaining crucial ingredients
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to achieve real effects of monetary policy are sequentiapping sequences and endogenous
markups. Specifically, the changing money distributiordsee influence the aggregate demand
elasticity. This is the case because of the sequentialtatej@s agents that have received a mon-
etary injection can substitute across a large number ofsHeapthermore, endogenous markups
need to be able to respond to this changed elasticity. Exaginfixing markups at a constant
value shuts down the real effects of monetary policy, as stiownore detail in the next section.

4.3 Constant markups

In order to show the importance of variable markups, thisi@econtrasts the previous results

to a version of the basic model with exogenously fixed markdpss version also serves as a
benchmark to assess the relative contribution of the madsegmented asset market models
with constant output, see Section 2. To build intuition foe tmain difference to the case of

flexible markups, note that non-linear labor supply (12umess in the basic setup to

(1= Lig) ™t = BWi  Ef(Ciyi1 Prpa) ™

Focusing on Shop in periodt, we can combine this equation with the budget constraintif@)
production function (6), and the price setting equatior) (@&btain

Yi(j) = A (1 - %MUM) - (24)

Now consider a version of the model in which markups are emogsgly held fixed, i.e., optimal
markups in Equation (19) are replaced with

MU,(j) = MU.

As apparent from Equation (24), output of each shop is cahstauch a setup. More generally
and derived in Appendix C, we obtain the following propasiti

Proposition 2 The dynamics of the basic setup with exogenously fixed maf&lipw the equa-
tions laid out in lemmas 1 and 2 for
z = 00,

implying
ol <1,

that is, stationarity of the dispersion of money holdings.

The intuition for the stationarity of the model is analogdasthe case of variable markups.
The change in the value aof however, entails very different predictions for the bebraef the
economy after a monetary injection, as summarized in thevihg corollary.

Corollary 2 Output, hours worked, and the real wage of each agent/shopireconstant after
monetary injections if markups are exogenously set to ataahsThe interest rate falls after a
positive monetary injection, i.e., a liquidity effect ol Realized and expected future inflation
rates increase. The dispersion of money holdings increais@spact before converging back to
the steady-state level.
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Corollary 2 demonstrates in the basic setup that the endagemarkup reactions are crucial
for real effects of monetary policy. Note that the result @oastant output does not imply that
consumption of each agent remains constant. The agent whioipates in the asset market
during the time of the injection benefits and can raise heswoption level. As the agent
working in the first shop to open in the period expects a higitere level from this period
onwards, she demands a correspondingly higher nominal.\iidge pushes up good prices one-
for-one because of the fixed markup, leading to a falling lpasing power of the agent who did
not receive the injection. However, prices do not jump updiy to the new price level because
of the sequential structure of the model. As illustrated Impmerical example in Appendix D,
such a jump would lead to falling output since aggregate nahexpenditure does not reach
its new steady-state level instantaneously. That is, @agdeesavings are relatively high as long
some agents are still wealthier than others. Lower outpvteler, would lead to reduced wage
demands and hence lower prices in the first subperiod, abhatireg the initially assumed jump.
An equilibrium is only reached at constant output and irdlathat dies out over time, implying
higher expected inflation on impact. If markups are allowethtl, as in the previous section,
the initial price response is damped further, therebymgisuutput.

5 Model simulations

In a next step, | explore the quantitative predictions ofrtfuelel by calculating impulse-response
functions and financial correlations predicted by the bastap in Section 5.1. Introducing rigid

real wages, formally done in Appendix B, allows me to simeilah extended version of the

model with and without modest real frictions in Section 5.2.

5.1 Simulation of the basic model

In the following, | simulate the basic setup€2, n,=¢ =0, o = 1) with 3=0.96 andy = 1.1°

| plot the impulse-response functions to a monetary inpecthat decreases the interest rate by
one percentage point in Figure 3. Because the model is atdithto an annual frequency, the
horizontal axes denote years. The red dashed-dotted lepstdhe baseline case under flexible
markups, while the black solid lines show the version withstant markups.

The interest rate falls since those agents who participated asset market at the time of the
injection need to hold the additional liquidity. This is thase for fixed and flexible markups
alike. Aggregate real variables, however, stay constahticase of fixed markups. This does not
imply that relative real variables remain constant. Monispérsion over both agents increases,
as only Agent 1 receives the injection. The beneficiary enfagher consumption while rising
prices reduce the purchasing power of the other agent, wdorsimption level drops.

10To guarantee comparability with later simulations, I-séb the same value of 7.512 as in Section 5.2, although
this implies a too high steady-state markup in the case-0f. The financial correlations are largely unaffected by
the choices ofy andy. If v is adjusted to 21 to yield a markup of 20%, impulse-respomsetions are qualitatively
unaltered but real effects are quantitatively around halfasge as in Figure 3, leading to the same conclusions.
Impulse-responses functions are robust to changgs in
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Figure 3: Responses to an unanticipated expansionary argrilicy shock at =1 for n =2
(basic setup).Variables refer to aggregate values, if not specified otlserwBlack solid lines: fixed
markups. Red dashed-dotted lines: flexible markups. Blsbeathlines:oc = 2. Green dashed-dotted
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As Agent 1 saves a part of the injection as cash holdings fochases later in her shopping
sequence, velocity drops and prices do not directly jumphéortew steady, even under fixed
markupst! It hence takes some periods for inflation to return to zererdfte shock, implying
higher expected inflation. As discussed in Section 4, theeased money dispersion puts down-
ward pressure on markups if they are flexible. Consequearttes rise more slowly and output,

hours worked, and the real wage increase after a monetactiong.

Except for profits, the model with variable markups doesdfwe qualitatively well in repro-
ducing existing evidence in the literature. Christianole(997) report similar findings for the
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From Lemma 2, it is easy to calculate the reaction of velaaitgr a monetary injection with flexible markups,
starting at the steady state, yieldifgZ[2 + p(z — 1)] — (1 — z) < 0.



responses of output, inflation, interest rates, and wagéisg &t al. (2011) include velocity as
well and find an initial decline that is followed by an increag\s in the empirical counterpart,
predicted velocity falls on impact but fails to rise aboveoz@ subsequent periods. Price disper-
sion increases, in line with evidence in Balke and Wynne 72@hd Baumeister et al. (2013).
Additionally to the empirical observations in Figure 1, Gatlal. (2007) also report a falling
markup after an expansionary monetary shock. Real profitsdanterfactually due to a strong
increase in the real wage. They rise after a monetary ijedtir highern or rigid real wages,
though. The propagation of the responses is spread ouh#rejtis lowered and/or if the in-
tertemporal elasticity of substitutiolyo is reduced, see blue dashed and green dashed-dotted
lines foroc =2 ando = 3, respectively. A lower intertemporal elasticity of subgiion reduces
wage demands in the period of the shock, altering the lalyoply decisions and the correspond-
ing real-wage response, see the discussion in Section BWgever, the impact on the maximum
responses of hours worked, output, and inflation is fairlpnshowing a limited importance of
these additional effects.

Financial correlations As shown above, the interest rate falls after a positive reogpen-
jection. The model hence generates a liquidity effect. Dughe falling velocity, a negative
relationship between the money-to-output ratio and vglamitains after a monetary injection.
Furthermore, also expected inflation and the real inteagéstare negatively correlated following
a shock. Correlations conditional on a single shock, howelenot necessarily correspond to
correlations from longer time series. | therefore simuthe model and compare the implied
correlations to empirical data in Table'4d The simulations predict a correlation of the money-
to-output ratio and velocity of -.66, compared to -.51 in te#al® The correlation between
expected inflation and the real interest rate is perfecthatiee. Standard representative-agent
models obtain the opposite counterfactual sign, as pomiety Alvarez et al. (2002).

Contrary to previous flexible-price models in the literatuthe present model is also able to
replicate a negative correlation between changes in theysupply and the aggregate markup,
which is found in the data. As it links monetary injectionsti@ markup, it is an important
statistic for the monetary transmission mechanism. In tctliscussed above, the novel feature
of variable and countercyclical markups in a segmentedtamarket environment, is key to
obtain real effects of monetary policy in the model. The sgstul replication of the empirical
negative correlation thus lends support to the mechanisimeahodel.

The predictions of the model with fixed markups are qualitdyithe same as those of previous
models in the literature that assume constant output. Goimgethe correlations of financial

2The construction of the empirical statistics is describedppendix H. They are based on hypothetical time
series that would have been observed if monetary policylshbad been the only source of fluctuations. Cor-
respondingly, the theoretical moments are averages of fiB@0series generated by the model with unexpected
shocks to the money supply. Expected inflation is proxiedubyre realized inflation in the data. As the empirical
sample, the theoretical time series have a length of 12bge(ivith an additional burn-in phase of 121 periods that
are discarded) and are HP-filtered with a smoothing coeffic&100 since one period represents one yeatr.

Bwhile Alvarez et al. (2009) focus on the correlation betweetocity and the money-to-consumption ratio,
reporting an unconditional monthly correlation of -.9, leuthe empirical money-to-output ratio because of the
closer correspondence to the model equations. This rat@m sdlows the sluggish adjustment of the price level,
potentially even more forcefully.
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Data Model
Flexible Markup Constant Markup Extended Model

Corr(MUy, AM;) -.24 =77 — -.28
Corr(ry, Eymiq) -.85 -1 -1 -.95
Corr(vely, M;/Y;) -.51 -.66 -.67 -.78

Table 1: Correlations of financial variableEmpirical values based on counterfactual time
series generated by identified monetary shocks only, faildetee Appendix G; theoretical values:
averages of 1000 simulations of the model. All series werdikifted.

variables reported in Table 1 and the liquidity effect, tlaeg very similar to the ones resulting
from flexible markups (except, of course, the correlatiotwieen changes in the money supply
and markups). We can conclude that the segmented-asslettrsucture is responsible for most
of the dynamics of the mentioned financial variables. Vaeabarkups then add real effects of
monetary policy without changing the (correct) predictioagarding those financial variables.
Judging from Figure 3 and Table 1, the basic setup does dqatwely well in predicting most
variables (in particular output and the markup). It failewever, in one dimension. The mon-
etary injection required to reach a fall of the nominal iet#rof one percentage point is im-
plausibly high. Correspondingly, inflation reacts too sgly. This result stems from the fact
that nominal costs (i.e., wages) increase relatively duickn order to demonstrate that the
mechanism responsible for monetary non-neutrality neatyssosmall amplification to generate
guantitatively realistic responses to a monetary poliayckh| allow for a small degree of real
rigidity in the next section.

5.2 Simulation of the extended model

In the following | simulate the full model for large and more general parameter values, using
standard numerical methods for the simulation of DSGE n®délalso employ modest real
wage rigidities. Specifically, | assume that real wages aeelgiermined for a certain number
of subperiods. This implies that a few shops that are firsetbtseir goods after a monetary
injection cannot adjust their real wage following such ackh@®@ecause of the muted response of
marginal costs due to initially rigid real wages, a stromrygput response and higher real profits
are generated for a given monetary shock. In Appendix B, Iyéinally derive the effects of real
wage rigidity and provide further intuition.

Real wage rigidities With pre-set real wages, labor supply (12) is replaced by

W) _ . W)
PO RGO

:17"'7£T7

4While a Calvo-type scheme would prolong the responses Beaafuonger-lasting rigidities, the microfounda-
tion would become very involved since shops open sequntizde-set wages, in contrast, allow me to analytically
derive the solution for the basic setup in Appendix B. Fumti@re, given that workers cannot insure against wage
differentials because markets are incomplete, a Calwgpseith different wages for workers of the same type would
make the analysis even more complicated.
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where (" denotes the number of shops that cannot change their rea afsgr a monetary
shock. Blanchard and Gali (2007, 2010) discuss exterysthel case of real wage rigidities
and argue that they are an important factor in shaping @ldliectuations. They help, among
others, Hall (2005), Krause and Lubik (2007), Kuester (30Thristoffel and Linzert (2010),
and Shimer (2012) to explain certain characteristics ofigogb labor markets. While | am
not aware of direct empirical evidence, estimated modedsvstvidence for considerable real
wage rigidity (e.g., Smets and Wouters 2007). Besides thesi observation of Dunlop and
Tarshis that the correlation between hours and wages ig ¢tbgero, more recent VAR ev-
idence in Christiano et al. (2005), Amato and Laubach (20Bayn and Simonelli (2007), and
Altig et al. (2011) also indicates that the real wage reaety little after monetary policy shocks.
Christiano et al. (2016) consider a range of shocks and confie apparent rigidity of the real
wage conditional on these shocks. Unconditionally, | find Wolatility of output to be 72%
higher than that of the real wage (calculation based onsddscribed in Appendix H, quarterly
variables in logs and HP-filtered). Kuester (2010) propasesxplanation for this rigidity, which
is beyond the scope of this paper. | rather aim at demonsgraw their interaction with the
sequential structure and endogenous markups stronglyifeaphe responses without causing
monetary non-neutrality themselves. Other forms of readliies would similarly magnify real
effects and hence deliver similar conclusions (see BallRmaher 1990).

The intuition for the amplifying effect is as follows. As disssed for the flexible-wage scenario,
the aggregate elasticity of substitution increases aft@oaetary injection, putting downward
pressure on markups. This would raise real wages, as trendesbetween prices and nominal
wages falls. To keep real wages constant during the timese$pt real wages, nominal wages are
adjusted downwards relative to the flexible-wage scendiices hence increase more slowly.
The resulting rising market share generates an incentirgage markups, i.e., to extract a higher
per-unit profit from the large number of goods sold (think led £xtreme case of a monopoly,
which would charge very high markups). An equilibrium isaleed where markups are un-
changed for the brief period of pre-set real wages. As atreftliis interaction between optimal
markups and real wage rigidity, marginal costs and price® laaless steep trajectory after a
given monetary injection.

Calibration The baseline parameters used for the simulation of the nawdedummarized in
Table 2. The elasticity of substitution between varietieis chosen such that the markup in
steady state is 20%, see Rotemberg and Woodford (1£99B)ifferent values are used in the
literature for the coefficient of relative risk aversion Basu and Kimball (2002) report empir-
ical findings for its inverse, the intertemporal elastiafysubstitution, ranging from .2 to .75.
The Frisch elasticity of labor supply was estimated betwE8rand 1/2 by Domeij and Flodén
(2006). | choose a parameter constellation for the basehfibration withoc = 3 and a Frisch
elasticity of 1/2 {1 = .65). Below, | conduct robustness checks regarding these Edeas)
employing 2 and 4 for and 1/3 for the Frisch elasticity. The fixed cost is set suett the

15Rotemberg and Woodford (1993) report values between 20%@#d Due to the finite number of goods in
the consumption bundle, the monopoly power of firms for amiyés 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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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 1 .65  Frisch Elasticity 1/2
Fixed cost ¢ .071 Profit share 5.1%
Discount factor B .96  SSinterest rate 4%
Total # of bank visits n 14  Average velocity 1.87
Autocorrelation of money shockp,; .36* Quarterly autocorrelation .36
Real wage rigidities & 2 Correlation output / real wages .59

Table 2: Baseline calibration of the extended model

steady-state profit share corresponds to the empiricahgeesfs.1% over the sample period.
Concerning the length of one period, remember that in thideheach agent visits the asset
market once every period. The length of one period theredetermines how often agents
re-optimize their asset holdings between liquid and iliigassets. | stay close to the lower
bound of Alvarez et al. (2009) and use one yéarhe latter authors refer to Vissing-Jargensen
(2002), who shows that around 1/2 to 1/3 of households tradeset markets in a given year,
which would correspond to even longer periods of 2-3 yeatdshemce longer-lasting responses.
Christiano et al. (1996) find that households’ assets do mage significantly for one year af-
ter a monetary policy shock, such that the choice of one y&ams appropriate. Furthermore,
Appendix E shows that this frequency of asset re-optinoretiirns out to be optimal in steady
state for relatively small costs of managing portfolios.eTdiscount factor is hence set to .96,
implying an annual steady-state interest rate of four pegrcEhe parametet determines how
often the bank is visited by different agents in one periaod] #hus governs velocity. Choosing
n =14 implies, according to equation (22), a steady-state vla¢i1.87, corresponding to the
mean over the empirical sample. In Appendix G, | calculagerttoney growth rate after a mon-
etary policy shock to be .36 in quarterly terms, implying an@al value fop,, of .36* since the
model does not allow for intra-period injectioks.

Next, | turn to the degree of real wage rigiditi€s which is the number of shops that cannot
change their real wage after new information arrives, emgthe form of a monetary policy
shock. | set a value that comes closest in matching the ezapaorrelation between output and
real wages, as this statistic provides direct evidence erctimnection between production and
the corresponding real wages. The model predicts a caoelaf .74 for¢” = 2, compared to

16See Appendix H for data sources. Changing the steady-stafié ghare only impacts on the quantitative
reaction of profits themselves.

7Alvarez et al. (2009) use values between 11 and 38 for theiabie NV, 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.

18The responses do not change if alternatively each agerivesa@monetary injection of .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 figjes.
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Figure 4: Responses to an unanticipated expansionary argrpilicy shock at =1 for n=14
(extended model)Variables refer to aggregate values. Black solid lines:ilflexvages. Red dashed-
dotted lines: real wages set in advance for one shop. Blueeddmes: real wages set in advance for two
shops. Green dashed-dotted lines: nominal wages set ime@&ar two shops. Horizontal axis denotes
years, vertical axis shows log deviations from steady state

.59 in the datd® This constitutes modest rigidities, as it implies that n@afjes are rigid only
in the first 1/7th of the period. As one period represents aa,y1/7th corresponds to a little
more than half a quarter, such that half of the shops thus setvareal wage in one quarter.
This corresponds to the degree to which real wages dependsbiguarter's wages found by
Smets and Wouters (2007), supporting the choicg ef 2.° To demonstrate the effects of real
wage rigidities, | also simulate the model for flexible wages for¢”=1.

Impulse-response functions and financial correlations Figure 4 shows the theoretical re-
sponses to an unanticipated, positive shock to the totakesneapply that causes a fall of the
nominal interest rate by one percentage point. The blaek stands for completely flexible

19Given that¢” needs to be an integer, the empirical statistic cannot behedtexactly. The correlation is
again based on counterfactual time series that would haueri@x if monetary shocks had been the only source of
fluctuations, see Appendix G for further details.

20Combining their parameter estimates yields a dependend®08. Similarly, Blanchard and Gali (2010) as-
sume that the real wage reacts half as much to shocks thanfladele wages.
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Figure 5: Responses of dispersions to an unanticipated tamyrmolicy shock at =1 for n=14
(extended model¥-or description of different lines, see Figure 4. Horizbatds denotes years, vertical
axis shows standard deviations of percentage deviations $teady state for individual agents.

wages {" =0), while the red dashed-dotted line represéfits 1 and the blue dashed ofge=2.

As under the basic setup in Section 5.1, prices rise onlylgltlereby increasing demand. This
reaction in sales raises real profits, despite the fallincko@ Aggregate real wages increase by
a small amount.

Comparing Figure 4 with empirical studies shows that the eh@dth modest wage rigidities,
e.g.,£" =2, performs quantitatively fairly well in replicating theieence. Output, inflation, and
hours increase by around the same amount as found in theyJa&ah Altig et al. (2011). Prof-
its rise relatively strongly. As discussed in Christianale(1997), rising real profits constitute a
problem for standard sticky-price models. The markup seeatintercyclically, but less than un-
der the basic setup because of the initial constraint onwagés. Real wages, being the inverse
of the markup, rise by a small amount, which is also containete large confidence bands of
the empirical response in Altig et al. (2011). The moneylstocreases similarly, but somewhat
less than found by the same authors. In terms of persistédmee)odel does well in generating
an internal propagation mechanism. The responses of maiaples are comparably long-lived
as their empirical counterparts (remember that the hoté#@xis denotes years). Note that the
model is able to deliver quantitatively plausible resultthaut capital and further features that
would add additional persistence, and without resortingigdh markups and/or a high labor-
supply elasticity, which Christiano et al. (1997) reportcascial for the empirical success of a
basic limited participation model.

As the present model generates an inflation-output tradbeff works via countercyclical
markups, it predicts a negative correlation between chaimgthe money supply and markups.
Specifically, simulating the model (see Footnote 12 foritlgtgenerates a correlation of -.28,
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see Table 1. This is surprisingly similar to the empiricdleaof -.24, given the stylized nature
of the model. Concerning the behavior of velocity, rementbat Altig et al. (2011) find mixed
results, as velocity first falls and then rises above thedgtstate value with a longer period of
an insignificant response in between. Similarly, the presedel has different predictions for
the sign of the velocity response for alternative valuesterparameten. Visible in Figure 4,
velocity rises after a monetary injection for larger As stressed by Alvarez et al. (2009) and
confirmed in Table 1, the money-to-consumption (or outpuyncase) ratio is empirically neg-
atively correlated with velocity. A simulation shows thaetextended model can replicate this
observation due to the different degrees of persistencleeandaction of the money stock and
velocity. This result holds independently of the assumedber forn. Furthermore, the theo-
retical correlation between the nominal interest rate asdoity of .52 is positive, as in the data,
and not too far from the empirical value of .30. At the sameetitlhe model can generate the
empirically positive correlation between velocity andatitbn—the theoretical prediction is .17,
compared to .39 in the data. It also predicts the correctfsigiine correlation of the real interest
rate with expected inflation (predicted at -.95, -.85 in thé&agl Lastly, the correlation between
real profits and output is .95, compared to .76 in the data.-Keynesian models, in contrast,
predict a counterfactual negative correlation conditi@mramonetary shocks (Christiano et al.
1997).

The green dashed-dotted lines in Figure 4 show the respamgks the same calibration as
the red dashed-dotted lines, with the difference that namistead of real wages are set for
two shops in advance. The responses are very similar. Biatiofrs lead to a similarly slow
increase in marginal costs, amplifying the real respondeszever, rigid nominal wages lead by
themselves, i.e., without endogenous markups, to reatteffédence, the individual effects of
nominal rigidities and endogenous markup reactions angduu | hence prefer to stick to the
discussion of rigid real wages in the following.

Figure 5 plots the responses of the standard deviationsl@tted variables across consumers
or producers. The line colors correspond to the calibratmiFigure 4. The values for money
holdings and (consumption) expenditure refer to dispassi&cross consumers. The remain-
ing plots depict dispersions across shops, where this measincides with dispersions across
consumers for wages and hours. Except for the nominal wag@bles are expressed in real
terms. Since firms are visited sequentially, output and oyaslare dispersed over firms, leading
to differences in the reaction of profits. The prediction ofiacrease in the dispersion of prices
after a monetary shock is in line with evidence by Balke anchiéy(2007) and Baumeister et al.
(2013). Also the dispersion of consumption expendituresindividual consumers increases
significantly. In the model, a part of the population bendfiten such a shock and increases
expenditure, while the remaining population profits later second-round effects, leading to a
subsequent reduction in expenditure dispersion.

5.3 Additional channels and sensitivity

Monetary policy can have real effects via two additionahsmaission channels that also work
via the impact of monetary policy on agents’ heterogeneYst, different to the price-setting
channel, they have an effect via heterogeneous demand lamdslapply. The latter channel is
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only present in case # 1. Both were not discussed in the literature so far and areheofdcus

of the present paper either, whose aim is to explore theqgating channel. However, in order
to demonstrate that this channel is the most important otfeinbove simulations, | also lay out
the remaining two alternative transmission mechanisms.

The effect of a changing wealth distribution on househali@shand—without any sluggish price
adjustment—can be isolated in a thought experiment in wailcprices jump up directly to the
new steady-state value after a monetary shock. Equal phoiesgeen all firms eliminate any
impact of heterogeneous labor supplies on the distribuifdinal goods priced! With prices
being the same for all producers, changes in demand are oeliodvealth effects. The resulting
effect on aggregate output is actually (small and) negalite agents that receive the injection
save parts of the extra amount for shops later in their simgppequences. All other agents
cannot increase their spending as they have not yet ben&fitadhe injection. This ‘missing’
expenditure hinders total period spending to immediategh its new steady-state level. Hence,
while prices have already jumped up to the new level, nongrgénditure is below its new long-
run value. This decreases outgtitience, the effect of the monetary injection on heterogesieou
demand cannot explain the inflation-output trade-off, gsrédicts the wrong sign. A more
detailed demonstration for=2 is given in Appendix D.

Second, the heterogeneous wealth distribution can havepaict on real variables also via its
effects on labor supply. Depending on the size of the indi@idvealth effects compared to
the substitution effects, the heterogeneous labor suppfieslatively richer and poorer workers
can push aggregate output up or dot¥riwhile this is an interesting aspect in itself that can
be explored in future research, the additional quantiagifect is relatively small under plau-
sible calibrations, as shown by varying the utility paraenet and ... | therefore calculate the
impulse-response functions for four different parameterstellations in Figure 6. Values for
the intertemporal elasticity of substitution (IES) and Hresch elasticity of labor supply are es-
timated within broad ranges in the empirical literatures #ee discussion in Section 5.2. The
black lines reproduce the baseline calibratiéh= 2, o = 3, u = .65, i.e., IES=1/3, Frisch elas-
ticity=1/2), while the red dashed-dotted lines depict tasecofo =3 andy = .38, corresponding
to an IES and a Frisch elasticity of 1/3 each. The blue dashed plot the case af =4 and
=69, implying an IES of 1/4 and a Frisch elasticity of 1/2. Figathe green dashed-dotted
lines result fromr =2 andp =59, that is an IES and a Frisch elasticity of 1/2 each. As vigible
the figure, the model predicts very similar results for ahsidered cases. The impact response
changes little, with a reduced persistence for lower vatiies Because changing the intertem-
poral elasticity of substitution also changes the size eftkalth effect, this result shows that the
wealth effect’s impact on heterogeneous labor-supplysit@as has a very limited influence on
the maximum response of real and nominal variables in aniditi the effects of the price-setting
mechanism.

2l fact, the labor-supply equation cannot be observed sdhse (e.g., by imposing rigid real wages for a long
period), as heterogeneous labor-supply decisions cananeot be squared with equal prices.

22The dispersion of money holdings still prevails. In parécusince only few agents participate in the asset
market at the time of the monetary injection, the basic Baiparticipation mechanism is effective, yielding a
liquidity effect.

23Note that during periods of pre-set real wages hours workedlatermined by demand, which dampens the
wealth effect on labor supply.
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Figure 6: Responses to an unanticipated expansionary argrutlicy shock at = 1 for alter-
native preference parameteBack solid lines: baseline calibration. Red dashed-dolitees: Frisch
elasticity=1/3. Blue dashed lines:=4. Green dashed-dotted lines=2. Horizontal axis denotes years,
vertical axis shows log deviations from steady state.

6 Conclusion

The model presented in this paper provides insights intodleeof heterogeneity of economic
agents for the transmission of monetary policy. In paréiculargue that monetary policy has real
effects via its impact on the distribution of money holdingstroducing endogenous markups
into a model of segmented asset markets can replicate sewgpaical observations: 1) a short-
term inflation-output trade-off after a monetary injecti@) quantitatively plausible impulse-
response functions for output, inflation, hours worked|, peafits, price dispersion, and velocity
after monetary injections if modest degrees of real wagditigare imposed, 3) a liquidity ef-
fect, 4) a countercyclical markup at the firm level, 5) prdmat wages after monetary shocks,
and 6) values for the correlations of velocity with the moteyutput ratio and with the nominal
interest rate, as well as for the correlation between thé&uapaand changes in the money supply
that are similar as found in the data. The model generates@founded, internal propagation
mechanism, which relies on the slow dissemination of nemjgated money. This can be seen as
a way of describing the effects of central bank actions, wiloaty parts of the population benefit
through first-round effects, while others are affectednectly and later. Producers take future
prices and quantities into account in an overlapping mamkeea result, forward-looking behav-
ior in price setting emerges even without capital, stickggs or wages. The sequential structure
of the model is therefore responsible for richer dynamidsctvcould also be interesting for the
analysis of other kinds of shocks.
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Appendix

A Derivation of lemmas 1 and 2

This appendix derives lemmas 1 and 2. | first present theriressystem of equation describing
the basic model, then derive the resulting dynamics, andlfishow the impact of monetary
shocks on individual and aggregate variables.

Linearized system The market clearing condition (9) turns intg(1) = C; (1) +C4,(1) for
n = 2. The linearized version is

20:(1) = c14(1) 4 c24(1). (A-1)

Agent 2 spends all her remaining cash in the last shop of thedgrience (Shop 1), apparent in
the linearization of the cash-in-advance constraint (4) 2 and;j =1,

CZ,t(l) = m27t(0). (A'2)
Linearizing (4) fori=2 andj =2 gives
m27t(0) = 2m2,t_1(b) - Cg7t_1(2) - 7Tt(]_), (A-3)

with m:(1) = p(1) — p;—1(2). Correspondinglyr;(2) = p:(2) — p:(1). In equilibrium, no
savings flow into the illiquid assef3;, = 0. Since all revenues of shops are paid out in either
wages or dividends, we obtaii;_;(2)L;_1(2) + II,_1(2) = Y;_1(2)P,—1(2). Observing this
when linearizing the budget constraint (3) yields

ma () = ye-1(2) — m(1) + 514 (A-4)

Demand of Agent 1 in the beginning of her sequence at Shopultsdsom the linearized f.o.c.
for consumption of individual varieties (13) and the rel@veash-in-advance constraint (15) as

(1) = muy(b) + ——Em,(2). (A-5)

Concerning optimal price setting, the linearized versibfirms’ optimality condition (18) can
be expressed as

(=1 T+1 2 11—~y
yt(l) = mEt’ﬂ't(2) -+ mCl’t(l) + ~ T 362,t(1) + 1 wt(l) (A 6)
Finally, linearized wage demand (12) equals
_ Bry—1
wi(1) = may(b) + Eymy(2) + | ——— | (1), (A-7)
py+3

where | took into account that. ;(b) + p.(1) equals total nominal consumption expenditure of
the wage earner in her following shopping sequence. Notdlieabove equations refer only to
periodt and decisions are taken after the monetary injection hantplace. Hence, no uncer-
tainty exists about the current period. A correspondingfetjuations applies for demand facing
Shop 2, in which the expectational operators express wiogrtabout next period’s variables.
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A.1 Dynamics

Define, as in the main text, the variablas the reaction gf,(1) to a monetary injection of one
percent of the total money stock & 1), which is to be determined below. We can then reduce
the above system (A-1)-(A-7) to two equations

224+7v—5 2
mq t(b) = Z(,y i 1) meo t—l(b) + ﬁml t—1<1) + (1 — l’)Et
z—1)—1 +1
m2,t(0) = 2%m2,t—l(b) + %mu—l(l) — L€y, (A-8)
with z given in Lemma 2. In matrix form, the above can be written as
mq t(b) r1 Io mo t—1<b) 1—2

’ = ’ . A-9
[ ma,(0) } [ T3 T4 } { ma—1(1) + —r | (A-9)

Equivalently, for the subperiod when Shop 2 opens we obtain
{ m2,t(b> ] _ |:«T1 T2 ] [ ml,t(b> }
m17t(1) T3 T4 m27t(0) '

m;(0) = my 4(b) — ma,(0)

measures the dispersion of money holdings across bothsagéein entering Shop 1. Accord-
ingly, m;(1) = mo.(b)—m4+(1). Because the price level cancels, by which both money hgddin
were divided before the linearizatiom, ,(0) is a state variable. It depends on last period’s dis-
persion and the exogenous monetary injection. We can thiga tlve whole system as

Let the variable

' It /
[ $f?3> } B [ i; ii } { nTlft__ll((lf) } + [ _133 } € (A-10)
with
xl—xl—xgzg_zz $l2:x1+x2—x3—x4:31_z
Ty = T3 —27(;;?1_)1 T =15+ x4 = 2(3y J;a:iglﬂLV)
Furthermore,

[ mi(1) ]:[asa } [ m;(0) }
my (1) xly xh ma+(0)
Dispersionm;(j) is the only state variable of the system. We hence need oie stad

one unstable eigenvalue of the above matrix to get a stallleunique saddle-path solution
(Blanchard and Kahn (1980)). These eigenvalues are given by

/ / / ’\ 2
Arjp = d ;%‘ + \/<x1 —59:4) — 11T + 25T
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Observe that the expression under the square root is positice

x’1+x2:3z—5+7(z+1)>0 x,x,ZG(z—l)[l—v(z—l)]
2 22(y — 1) = 2(y—1)
, o, 132y =622y —222+72—67—6
T1ly = YO )
2y -1

such thatrhzy, — 2iz), = 2(22 — 1 — 7)/[z*(y — 1)] and

AN
( 5 ) — i) + xhaly > 0, (y=5)2(z—=1)2+24(y—1)z(z—1) >0,

which is true ifz > 2. Furthermore, the larger eigenvaldgis always above unity if

/ / / 7\ 2
T, +x 7+
12 4—1>—\/< 12 4) — 2 x) + xhah,

/ +‘,E£1

which is always true if**+ — 1 > 0. If not, multiply the above by -1 to obtain positive values
on both sides,

) + ) T A
1-— 5 < \/( 5 — zhxly + vhah, (1—2))(1—2)) < xhasy.

Now observe that by the definitions of andz/, we havex| — z, = 1. Use this with the last
equation to obtain (when dividing hy,, note that:}, < 0)

v+1 y(z—1)—1
2(v—1) A(y-1)

Hence, ifz > 0—which is proven in Appendix C.1—the larger eigenvalue isagls above
unity. We therefore discard;. To find the effectr of a monetary injection op,(1), | employ
the definition of the eigenvectox;:

/ /
el a] e
T3 Ty 0% Q;

where | have normalized the first entry of both eigenvectrsiity. The first row results as

) —1> a5, 2(z—1) 2> 0.

a; =

/
Ty

x can be found by projecting;(0) andm,.(0) on the eigenvectors, that is, by solving the second
row of the following matrix equation, which states that thaamic system moves only along

the stable eigel wvector.
C a1 Qo mg’t(O) ’
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where( is some constant. As we know from Equation (A-10) that, capiiom steady state, a
monetary injection has the following impact

my(0) =1, ma+(0) = —x,

we also know that this combination lies on the stable eigetiave\WWe can hence combine the last
two conditions to obtain
rh—X  3—-(2+N)z

vy  3-3z
This completes the characterization of the dynamics ofystems in (A-9) and (A-10). We can
reduce these alternative expressions of the same dynagnfastber by noting that, in order to
be on the stable eigenvector, we need to have

Tr =

r—1 r—1

my.(b) = (1 — 2)m}(0) = . ma(0), ma(b) = (1 —z)mi(1) = . my+(1). (A-11)

Hence,

my(0) = (2} — zha)my_1 (1) + & = Aamy_1 (1) + &, my(1) = (7 — 257)mi(0) = Agmy(0).
(A-12)

A.2 Individual variables

Output  Solving Equation (A-1) fore; ,(1), inserting this together with Equation (A-2) into
(A-6), which then substitutes, in Equation (A-7), yields the following correspondencevzstn
output and real money withdrawals (where the same resudirebfor Shop 2, hence the general
notationy,(j))

_ -1 —
i) = |1 G+ 3)/4+ 22 ) = Smgalb) = =i - ).

Hours The linearized production function (6) is

WG) = i) =~ T~ 1),

Real wage Considering equation (A-4) far=2 andj =2 (yieldingma:(b) = y:(1) — m(2))
together with Equation (A-7) gives

wG) = (1422 ) =122 (14 B2 Ym0, ey

Markup Linearizing Equation (18) results in

) = —wili) =+ (14 22 Yt ).

z
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Inflation  Equation (A-4), together with (A-11), (A-12), and the absedution fory,(j), yields

1—A 1—A
2Z(l —x)m;_4(1) + ze, = 2%

m(1) = z Ao 2

(1= 2)m!(0) + {1 _ 1;”] .

Correspondingly,
1— )Xoz
m(2) = A; (1 = z)my(1).

Interest rate  The nominal interest rate results from the linearized EHguation (11). In-
serting the cash-in-advance constraint for the whole singmgequence (15) together with (A-4)
yields

—c1p =114+ Ey[ma i1 (D) — crapr — cragr] — mag(b) + ey
i1t =E[2¢1 441 — m141(0)] = 2¢1 + ma4(0)
=E;2y141(1) — ca.641(1) + mo1(D)] — 204(1) + c24(1) — mo (D) + M1 (b) — My 441(b)

_ {x -1 <2 —E ) -1 +x4} my(0) — Eymy,(0)]

X

_{x—lvz%—z—
z  z(y—-1)

where the equilibrium conditions of the linearized systard Equation (A-11) were used. We
hence obtain

+ 2 o) = B, 0]

_ z—1vz+2—4 1 — \2 ,

A.3 Aggregate variables
Aggregating across shops and consumers yields periodgegerd/ariables that refer to period
averages do not carry shop or consumer indexes.

Dynamics Define average money holdings in one periodias= [m;(1) + m;(0)]/2. Using
(A-12), the dynamics of this variable can be expressed as

1+ X
2

. (A-14)

mt = )\2mt 1+

Definep = — )\, and rewrite the expressions for better readability to obtia¢ expression fav
in Lemma 1.

Output, hours, real wage, markup Period averages of these variables are easily obtained via
the above definition ofiz;.

40



Inflation  Inflation between two periods is defined as the difference/déen the average price
level in periodg andt—1. This corresponds to

21 = pe(1) + pe(2) — 1 (1) — pe_1(2) = 2 (1) + 7 (2) + m_1(2).

Hence,

1—=x
2

m (1) 4+ m(2) . m (1) 4+ m-1(2)

2 2 (2_1 - )\2) €.

T =

=(1+ )\2)(z_1 — X)) (1 — )y + {x +

Interest rate The average interest rate is given by

Z:i17t+i27t: x—1’72+2—4+2 xl_)\gm
! 2 x z y—1 "

B Amplification: real wage rigidity

In this appendix, | analytically derive the implicationsrefl wage rigidity. The main point is
to demonstrate that modest degrees of real rigidity—witlcausing monetary non-neutralities
themselves—reduce the required monetary injection tamhbtgiven fall in the nominal interest
rate. During the subperiod of pre-set wages, the dynamicsdlividual agents correspond to
lemmas 1 and 2, but with = 2’ (defined below) and = 1. Setting¢” = 1 in the basic setup
yields the following propositios?

Proposition 3 Assume that in the basic setup the first shop to open in a péaioes a real
wage that was set at the end of the previous period. Startiigeasteady state, average money
dispersion in the period of a monetary injectian=0) is

mo = €p.

In the period of the shock, the other endogenous aggregaialas depend on money dispersion
in the following way

1—2 By—1Y\ . l—z+2(1-2)

mug o ( + /~L7+3) Mo Yo =lo 92 mo
1—2z 1+B7—1 R T+ .
wy = ——|m Ty = m
0 2z pwy+3 0 0 2 0

r—1a .

1 .
E()?Tl:(l—l’)(;—'—p)(l—g)mo‘i‘ 5 myo

. Jlr—1yz+2—-4 , , 1+p .
zo—{[ " . —i-Q}x(l p)+ (&' = 1)(v 3)+2x}2(7_1)m0,

2Note that here | assume that the shock occurs=n0 instead of using the timing convention of the figures,
where the shock occurs in=1. Otherwise, time and agent indexes could be easily confused
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where the change’ of the price of the first shop to open after a monetary injectbe = 1 is
given by
, 2
r=r— —— <.
v—1
The auxiliary variablez is defined as in Proposition 1. The expected path of the ecpriom
t > 0 follows the dynamics set out in Proposition 1.

We also obtain the following corollary.

Corollary 3 Assume that under the basic setup the first shop to open iniadofrces a real
wage that was set at the end of the previous period. Startiigeasteady state, the impact of a
given monetary injection on the real variables output andrsovorked is at least 1.5 times the
reaction under flexible real wages.

Pre-set real wages alone do not generate monetary norealigutrAs under flexible wages,
heterogeneity of agents is key for monetary non-neutraBtynultaneous monetary transfers to
all agents in the economy—independently if they are culyeattthe bank or not—leavé,
unaffected and thus lead to an increase in the price levhbwitany real effects.

Pre-set real wages hence merely amplify the responses petiad of the expansionary mone-
tary shock by their interaction with endogenous markups. daetary injection to the agents at
the beginning of their shopping sequence increases thegajgr price elasticity of demand, as
explained in the main text. Shops in the first subperiod #fi@mjection hence have an incentive
to reduce their markup, which would increase real wagesh Wil wage rigidities, the following
changes occur relative to the flexible-wage case. To reaghréiset level of real wages, nominal
wages have to fall (that is, nominal wages rise in absolutagesee Figure B-1, but less than
without real wage rigidity). This triggers further pricediections relative to the flexible-wage
scenario because of the corresponding lower marginal.dostg prices have, via a high market
share, a strong impact on a consumer’s individual pricexndisible in the elasticity (17) of
this price index with respect to the price a specific good. ddreesponding monopoly power
creates an incentive to raise markups, counteracting thal idownward impulse. The pre-set
real wage is reached where the old distance between nomaggdsxand prices, i.e., the markup,
IS restored.

Hence, although markups do not move very much if real wagditygs imposed—they are in
fact fixed during the period of pre-set real wages—their gedeity in the price-setting problem
generates large effects. Because of this endogeneity,nibialiprices are consistent with the
optimal markup decision of firms after a monetary injecti@nices still rise right from the be-
ginning due to strategic complementarity and the fact tinafitst shops to open after a monetary
injection know that their competitors will increase prigeshe following subperiods.

To illustrate the above-discussed mechanisms, Figure Bk phe responses of prices and
markups of individual shops after a monetary injection fleatls to a fall of the nominal in-
terest rate by one percentage point under the basic setepemfaining parameters are varied as
in Figure 3. The black line again illustrates the case of exogsly fixed markups and flexible
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Figure B-1: Theoretical responses to an unanticipatedresipaary monetary policy shock at
t=1 for n=2 (basic setup) with real wage set in advance for one sBgqept black line: flexible
wages and fixed markups. Red dashed-dotted lines: flexibtkups Blue dashed linest = 2. Green
dashed-dotted linest = 3. Horizontal axis denotes years, vertical axis shows logatiews from steady
state.

wages?® As discussed in the main text, in this case prices do not juinggetty to the new steady

state, but are nevertheless very quick in their convergehice red dashed line depicts the sim-
plest case of real wage rigidities: Shop 1, owned by Agena@ed a rigid real wage after the
injection, while Shop 2 does not. Since a fixed real wage iespi fixed markup, the first shop
keeps it constant in the first period (reducing the movemetiteoaverage markup) and charges
a relatively low price. The second shop reduces its markubadso charges a price below the
new steady-state price. Low prices increase initial ousimgt nominal revenues, which prolongs
the heterogeneous wealth distribution. In the followingiqut Shop 1 faces a customer with

25pre-set real wages cannot be combined with exogenously fteekiups, as the nominal wage would be inde-
terminate.
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relatively high money holdings in the last part of her shogpsequence. This is Agent 2, who
has benefited from the initial higher expenditure of AgentAn upward pressure on markups
results. However, nominal wages are still below the newdstessate, as the price level needs
more time to fully adjust, such that Shop 1 still sets a corapzely low price.

The muted price responses are responsible for two impaditiatences to the case of flexible
wages. Since the agent who receives the injection needdddess money for given consump-
tion purchases, she requires a larger drop in the nomireakst rate to hold the additional money
supply. The necessary monetary injection to reach a fah®hiominal interest rate by one per-
centage point is therefore smaller. Second, Agent 2 is nsavadble to increase her consumption.
The reduced price increase of Shop 1 allows Agent 2 to conselakvely more for the money
that she carried over into the period, while it also incredser combined business and labor
income because she is the owner and worker of Shop 1. Visitie the individual reactions,
price dispersion increases, as in the empirical counterjRaising the value fos reduces the
initial wage demand, putting further downward pressure iocep and prolonging the period of
a non-degenerate money distribution. As in Figure 3, rethethsines depictr = 2 and green
dashed-dotted lines the casesof 3. To summarize, introducing real wage rigidity can deliver
results that are quantitatively closer to the empiricatience.

C Proofs

Lemmas 1 and 2 are derived in Appendix A. In the following Iy@ahe propositions and corol-
laries.

C.1 Proof of Proposition 1

In the case of unrestricted markups, the auxiliary variabtegiven by Equation (23). Note that

3 1
S B Sk Bk BPS v+l s
4 w4 I

which is true sincey > 1, 5, u > 0. Concerning\,, it is always larger than-1/2 if

" 1 A~ 2
x12x4+5>\/<x1 2"””4) — 7 + Thal.

As shown in Appendix A, both sides are positiye,(+ z/,|/2 > 0), such that we need

22 + 22 + 1 > —daxl) + dabasy.
After some rewriting we arrive at

(z+2)(v=1)>0
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which is true because > 1,z > 2. Lastly,\, < 1if

2
Ty 4 Ty + 7
T—1<\/<T — zhaly + zhah.

If the left-hand side is negative, this inequality is trilyulfilled. If it is positive, we can again
square both sides to obtain

1—a) — ) < woxly — xhal,
which was demonstrated to be true above. Hence, we obtain
=1 <A =|p| < 1.

Sincem;(j) measures the dispersion of money holdings, the last equetgether with Equa-
tion (A-12) proves that dispersion returns to zero in theglam. |

C.2 Proof of Corollary 1

Output, hours, real wage, markup Note thatz is positive but lower than unity because of the
following reasoning (observe tha} < 0)

.I',l—)\g

x = > 0, 'y — Ay <0.

3

This can be shown to be true by inserting the definition’oénd observing that, > —1/2, as
derived in Section C.1:
3—2z 1

s <—§, 2<Z,

which was shown above. Furthermores 1 or

.I',l—)\g

— <1, Ay < 1,
Lo

which was demonstrated above. Hence

1_
x>0.

z

As average money dispersian increases after a monetary injection, see Equation (Athé),
last equation together with the results from Appendix A.@ves the reactions of output, hours,
the real wage, and the markup to a monetary injection thattated in Corollary 1.

45



Inflation  The impact of a monetary injection of size=1 on the price level of the first shop
to open in the period is defined asshown to be positive above. The price level of the second
shop is inflation between the two shops plus the price of teeditop. Average inflation is

2m; = 2m (1) + m(2) + m-1(2) = ye(1) — mo,(b) + 2m, (1),

where we have made use of equation (A-4) andrset(2) to zero in order to isolate the effect
of ¢,. We hence get a positive impact of a monetary injectios, 6f 1 on average inflation if
m(1)>0and

(1) = ma(b) > 0, %(1 — ) = [m1(1—2) — 292] > 0

r—1 - z
x 2— 2z

2)\2(2—1)>1—Z, )\2>—1/2,
which was shown in Section C.1. Hence, the price in Shop 2eopdriod of the shock is higher

than that of the first shop, which:is> 0. We therefore get a positive aggregate inflation response.
Expected inflation is given by the above, noting that;, ; =0.

Interest rate  Observe the following:

-1 —4 Ao — 1 2 2-3
TTIETETY 9, 2 > S , < ZTOETE
x z =X yz+z—4 vz + 3z —4
Now define
V= (yz+32—-4)/2
to obtain
1—=z
Ao <143
2 + 7

x) + 1—=2 AN
%—(14—3 3 )<\/( 12 4) — ) @) + xhas.

If the left-hand side is negative, this inequality is trilyefulfilled. If not, we can square both
sides to obtain

1-2\? 1-
(1—1—372) — (2} + ) (1—1—372) < zhwhy — xh T

3z=1) [((v=5)(1—2) 3(z—1) xh
g ( -1 v ><‘27—1

1((=5)(1-2 3(:-1) 2
19( -0 v ><Z(7—1)
7—72—5+5z+%z(7—1)<7z+3z—4

2(vz—1)(z—2)+32(y—1) >0,
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which is true since > 2 and~ > 1. We therefore get

—1 —4 1— )2
%, = |~ ErEZR o0, 2 1,
T z v—1
(. ~~ s, e’
<0 >0
proving that the average interest rate falls after a mopétgection. |

C.3 Proof of Proposition 2

In the case of exogenously fixed markups, firms set the priaeonstant relation to the nominal
wage. The linearization ofi’;(j)/P.(j) is thus always at its steady state level and the pricing
Equation (A-6) gets replaced by

wt(.j> =0.
Equation (A-13) is still valid. Combined with the last eqgoat we obtain
wi(j) =y (j) = 0.
Using these two insights together with equations (A-1)5Arelds the dynamic system

2 2

ml,t(b) = ﬁmgﬂg_l(l) + ﬁml’t_1(1> + (1 — .T//)Et
2z +1

aa(0) =~ () + %mw(l) — e,

which corresponds to the System (A-8) for— co. We can hence repeat the steps taken in
Section A withz — oo, w(j) =y:(j) =0, andz” inserted forr to arrive at Proposition2. H

C.4 Proof of Corollary 2

Corollary 2 results trivially from Proposition 2, if lemmasand 2 are applied for— co. |

C.5 Proof of Proposition 3

Variables of periods before the monetary injection areseéto in order to investigate the impact
of a monetary policy shock on the system in steady state. Hgewiemand Equation (A-7) for
the shop that faces real rigid wages (Shop 1) is replaced by

If we use this to solve the System (A-1)-(A-6) for variableshe first subperiod (in which Shop 1
opens), we obtain for the impact periog 0

mLQ(b) = (1 - IIZ'I)EQ m270(0) = —.I',EO
-3 2 —2 +1
ma(b) = —Z — 1m1,0(b) + -1 ma,0(0) mio(l) = — 1m1,0(b) + —’77 — 1m2,0(0)7
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i.e., the same as System (A-8), with= 1 and variables of = —1 being zero. In particular,
corresponding to the System (A-10) fpe 1 with z=1, we obtain

{mé(l)}:[l 0Hm6<0)]
ml’o(l) % 1 m270(0) '
Additionally, as the system follows the dynamics spelletliouhe System (A-10) for the case

of flexible wages from the second shop of pericd 0 onwards, we know that the transformed
money holdingsn(1) andm, (1) have to be on the eigenvector resulting from (A-10). We can

therefore state
R A B

with T" being some constant, to be determined next. Set{jng 1 to obtain the impact of a
monetary injection of one percent of the money stock on tieepevel of the shop facing rigid
real wages after the shock, that:is, we get a system of two equations and two unknowns. This
leads to
=1, x’:x—i<x.
v—1
The average dispersion of money holdings in the first pegsdlts then from the System (C-1)
as
ﬁlo = €p.

Solving the System (A-1)-(A-6) in the first subperiod (whdm§g 1 opens) of the period of the
shock withwy(1) =0, we also obtain expressions for the individual variablem&3ection A.2
for j =1 with z = 1. Note that from the second subperiod (when Shop 2 opens)rdeyhe
system follows the dynamics under flexible wages with thedfiermed money holdings (1)
andm; (1) resulting from (C-1). Averaging over the two subperiods ltain period-averages,
similar to the steps taken in Appendix A.3, observing thgtl ) =0 and again defining = — X,
leads to the results stated in Proposition 3. |

C.6 Proof of Corollary 3

Noting that the impact on money dispersion is at least as &sgimder flexible markups and ad-
ditionally comparing the differing coefficients in the e¢joas for the real variables in Lemma 2
with those of Proposition 3,

l—z4+z2(1-2") 1—2 1+=z2 2
= > 1.5
2z / z > (1—2)(y—1) ’

proves Corollary 3. |
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D Pure demand effect

The hypothetical case in which prices jump up directly torlkes steady state level allows for
isolating the pure demand effect that is independent ofgstingprice adjustment. For ease of
exposition, | will use the simple version ef=2 and an injection equal to 1% of the old period-
expenditure level, corresponding to an increase in the gstoek of 1.33%, see Equation (21).
Agent 1 receives the injection and spends half of it in botbpshof her shopping sequence,
as prices are equal. Agent 2 spends what she has left fromrévéops period, i.e., the old
steady-state cash level in the second stage of a shoppingrsss\/, ;. (1). Taken together, this
increases business income by .5% of the old steady-statel@penditure level in the first shop
to open, received by the owner and worker of this shop, Agefths agent will spend half of
it in the second shop, which corresponds to .25%. Agent oaadspher remaining 1/2 of the
injection, increasing total expenditure in the second dhppr5%. Total period expenditure is
therefore 1.25% above the old steady state.

In the long run, prices move one-to-one with the money staek, 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 bya#l amount.

E Optimal number of bank visits in steady state

In this appendix, | calculate the optimal number of banktsign steady state. Using a slight
modification of the model, | show that the assumed frequeridaonk trips—besides being in
line with empirical evidence—can be justified by small cast®ptimizing asset holdings. In
the following, | assume that agents have the possibilityisit the asset market several times
during their shopping trips. Furthermore, they receiverdarest rate from the central bank on
their accounts that offsets a potential steady-state ioflatte. By this this assumption, the
money supply grows at the inflation rate (the real money suigptonstant in steady state) and
monetary neutrality would obtain in the benchmark case oAsget market segmentation, i.e.,
free withdrawals at all points in time. In this case, agendsid each time withdraw just as much
money as needed for the next shop. With a positive steady-sif}ation rate, longer shopping
trips reduce the purchasing power for a given withdrawn maimoney balance. Introducing
a cost of visiting the asset market generates a trade-offdest paying this cost for obtaining
liquid assets and suffering the reduced purchasing powetalinflation. Otherwise, the model
is as described in the main text. In the analysis here, | itfliassume that agents do not
change their habits in the short run, i.e., the optimal nunobdank trips depends on steady-
state inflation.

| consider a simple modification of the model by subtractiegstK for visiting the asset market
from the utility of consumption. The cost represents theunegl time and computing costs for
an optimal portfolio choicé® ;I'Ohis gives the following utility function

Ui =3 s [(Co = 2K) (1= L (E-1)

26\lery similar results obtain if the cost is a resource los$ thduces available funds for consumption.
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where the consumption bundig consists of several subbundi€s(;) in the following way’

~

CZ:(Ll % Qi(k+1)>ﬁ.

nv k=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, we:get= m. Assume
for simplicity that subbundles consist of the same numbeyoafds, i.e.n/x is an integer. The
subbundle”; (j) of Agenti consists of individual goods starting at Shpp

Now define X
g dtmt =
th(]) = (a Z Ptl_y(k)>
k=j

as the corresponding price index of the subbundle. The gtstatle gross inflation between each
pair of shops is denoted Hy (annual inflation then amounts {q;_, II). Hence,P,(j + 1) =
IT1P;(j). We therefore get

1
m—1

P;,(5) = F()) (% > Hk(l_w) B = P(j)e(z). (E-2)

k=0

The CIA constraint for the subbundle reads as

mﬁQZTl (])th(]) = Mi,t(j_1)7 (E-3)

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

4 LY
M,;,(j—1) = Pt(J)m;

definesC? /n as the (equal) real amount per good that the agent would asecim this case.
Inserting this into Equation (E-3), using Equation (E-2glgs

y—1

N (LGN o
00 = (i) e o Gy = e

27| consider steady-state values and only add a time indexrtabtas that exhibit a trend in steady state. The
equations are for Agent=1.
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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 pricedjetiMdy () as defined in Equa-
tion (E-2). For high values of the elasticity of substitutip, agents buy larger amounts of the
goods in the beginning of the shopping sequence becauseigharhvillingness to substitute
between goods, thereby avoiding coming price increaseis. |dWwersy for a given value ofl.
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 (E-1),
is then

g(a™+1) — g(a”) < K < g(z%) — gla"—1).

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

Given the above, it is possible to numerically calculate dpgmal 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-stateiogotson increases by .48% if they
divide the shopping sequence into two, i.e., visit the assgket after half the bundle. Hence,
the costsk have to be larger than this number in order to gfet 1, as assumed in the paper.
Interestingly, Alvarez et al. (2002) assume a fixed cost @8 tér transferring money from the
asset to the goods market. In the data of Krueger and Pefb§2b6% of the sum of average
annual expenditure for food and nondurables (the mostlik@h goods) for an individual is 45
U.S.$, which seems to be a reasonable number for visitingdbet market and optimizing asset
holding, once the required time for information gathering aomputing costs are considered.

F Relaxing fixed shopping sequences

In this appendix, | develop a version of the model in whichslbps are open in each subperiod
and show that the results are equivalent to the baselinelmblis setup entails that instead of
following a fixed shopping sequence, some households oteainit measure of households of
the same type (where all households of a specific type visibénk at the same time) buy their
goods in a certain order, while other households follow &dght order. Households can also
change the order of shops from sequence to sequence. Tocardigsion when comparing this
version to the baseline model, | extend the model by enlgrgath shop to a department store,
in which the different departments sell the goods that wezeipusly sold by single stores, while
keeping the rest of the setup as before. In this way, houdsisblop at different departments and
hence buy different goods in different orders. Furthermfmiéowing an expansionary monetary
policy shock, all departments are visited by a fraction os#hhouseholds that have just received
a monetary injection.
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In the derivation of the extension, | use the simple- 2 case of Section 4, which is best to
demonstrate the intuition for the results. Assuming th#ftdfehouseholds of a given type start
their sequence at Department 1, while the other half starBepartment 2 yields symmetry
across departments in both subperiods. It also impliesrtitatey holdings are equally split
between consumers of the same type that visit different tfeeats: m; ,(b) = m3,(b) and
my,(0) =m3,(0), Wherem{t(b) is linearized cash-at-hand of households of type 1 (i.eseh
households that have just visited the bank) that buy at eyeet; in the first subperiod, divided
by the average price of the subperiod. Correspondingly,teh@a m;t(()) represents money
holdings of consumers of type 2 (those that have not receivadnetary injection) shopping at
Department; in the first subperiod divided by the same price. Analogoubkédbaseline model,
my+(0) represent total money holdings of households of type 1 &g visited the bank,
divided by the average price in the current subperiod. IMermgby

mue(b) = mi,(0)/2 +m? ,(b)/2 = mi ,(b) (F-1)
mae(0) = my,(0)/2 +m3,(0)/2 = m3,(0), j=1,2 (F-2)
Note that the above are linearized valuéaﬁf,t(b) in levels is half of M, +(b). Let c{,t(s) de-

note consumption of households of typéhat visit Departmeny in subperiods of periodt.
Equation (A-5) of Appendix A for the first subperiod changes t

A1) = mi, )+ LT Bl (@),
wherer (2) refers to the price difference between ggoih this subperiod and the respective
other good in the next subperiod (i.e., if a householdsstaith good 1 first, thenr!(2) =
p2(2) —pl(1), with p/(s) being the price of good in subperiods, and vice versa). Adding
individual linearized demands for gogdn the first subperiod, observing Equation (F-1), and
imposing market clearing results in (see equations A-1 ai) A

V1) = (1)/2+ 6, (1)/2 = ma(0)/2 + oL B (2)/2 4+ ma(0)/2,
wherey! (s) denotes linearized output of Sh¢n subperiods. Because of the equal composition
of their respective customer base, both departments ssathe price. We hence obtaify(2) =
m(2) andy;(s) = yi(s) = y2(s), wherey,(s) is aggregate output of supberiad Again, note
that while this implies that the percentage deviations fithie respective steady-state values
are equal for aggregate output and department-specifiaputeir steady-state values differ:
Y(s)/2=Y"'(s)=Y?(s). Following the same steps as in Appendix A and using equaiel)
and (F-2) yields the optimal markup as

(1) = =2 (14 DT0) fnaa4) — mas0)] = W 0) = O

as in the baseline model. Compared to Shop 1 in the baseligelmtepartments in the first
subperiod face less customers that have just visited tHe (partting upward pressure gfi(1)),
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but also proportionally less customers that are in theidi@gye of the shopping sequence (putting
downward pressure g (1)). Assuming the mentioned split in half, these effects dyaetncel
and the pricing decisions remain unaffected. While the mar&f both departments in each
subperiod is the same as in the model with just one shop pgresiod, the average markup
per department across subperiods is different compareldogetshops. Assuming that there
was a positive monetary injection at the beginning of théggeiboth departments increase their
markup in the second subperiod relative to the first, as nmmes has obtained a fresh injection.
This markup corresponds to that of Shop 2 in the baseline mddhe period-average markup
of Department 1 is hence higher than that of Shop 1 in the in@selodel (the shop that opens
right after the injection), while the average markup of Dépent 2 is lower than that of Shop 2
in the baseline model (the shop that opens after all agemts\hsited Shop 1). Averaging over
departments and subperiods, however, yields the same mgewae markup per period as in
the baseline model. Formally, averaging over both subgsrior Departmeni gives

ma; = Wlmap(b) — mas(0)]/2 + Wlma(b) — ma,(0)]/2 = Wiy,

showing that each department charges an average markuthev@zriod that is the same as the
average over both shops in the baseline model. The periedge of markups across both de-
partmentsnu, =2V, /2 thus equals the average markiap, in the baseline model. Moreover,
since the model extension can be rewritten in terms of aggeegriables in the same way as in
the baseline model, period and subperiod averages of @élblas are as in the baseline model.

G Empirical evidence

In this appendix, | discuss the estimation of the markuparsp after monetary policy shocks
in Figure 1. | also present the method to calculate the carogi of Table 1.

Conditional markup response (left panel of Figure 1) There is a large literature on the cycli-
cal behavior of the price markup, which has not settled on [dmate conclusion yet, see
Bils (1987), Rotemberg and Woodford (1999), Bils et al. @0INekarda and Ramey (2013),
and Hall (2014), among others. Most of the debate, howeesplves around the uncon-
ditional cyclicality of the markup, in contrast to cyclidgl conditional on monetary policy
shocks. Nekarda and Ramey (2013) predominantly focus dricality conditional on govern-
ment spending shocks, but also consider markup variatitias @ monetary policy shock in
the baseline. They find a procyclical conditional respon&éven the difficulty to construct
empirical markups, | explore the conditional markup reggoby employing different markup
measures. In order to keep the realizations of monetargyshocks equal for all regressions,
| use the shock series provided by Coibion et al. (2017), wlidased on the method proposed
by Romer and Romer (2004). Specifically, the left panel oliFegl plots the reaction of 8 dif-
ferent markup measures (listed below) to an expansionanetaoy policy shock. The sample
starts at 1981Q1, i.e., after Paul Volcker was appointedciaa of the Federal Reserve System
and a very large outlier in the shock series in 1980Q2. It threugh 2008Q4, the final date of
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the series by Coibion et al. (2017). | use local projectiagraposed by Jorda (2005), including
a constant and a linear trend, and plot Newey-West adjugigéd@®nfidence intervals for each
regression. Given that all measures decline significantty that output (and money growth)
increase significantly after such a shock, this supportscthmtercyclical nature of markups
conditionalon monetary policy shocks. The reason for the contradidigtween the results of
Nekarda and Ramey (2013) and mine lies in the sample, as Heeglata starting in 19548,
Choosing a sample between 1961Q1 (the earliest date of theeRand Romer shocks) and
1979Q3, | obtain significantly procyclical responses fonaasures. In my analysis, however, |
want to exclude the pre-Volcker period. The conduct of marygbolicy in that era was arguably
markedly different to later times, which can change theltesn many ways.

The markup measures are as follows, where the exact desoript each series is listed in
Section H: 1) Non-financial corporations price deflator diéd by non-financial corporations
total unit costs, 2) Non-financial corporations deflatolidid by non-financial corporations unit
labor costs, 3) Nonfarm business price deflator divided bgfBlon business unit labor costs, 4)
GDP deflator divided by nonfarm business unit labor cost&BIP deflator divided by unit labor
costs in total economy, 6) inverse of the business laboeshéeasure 7) adjusts for the fact that
marginal wages might be different from averages wages biyatting the cyclical variation in
hours worked times the elasticity of the marginal-to-ageraage ratio with respect to hours per
worker from measure 5. | follow Gali et al. (2007) for the stction of this measure and use
the value of 1.4 for the elasticity. Measure 8) follows Ne&kaand Ramey (2013) and adjusts
for the fact that the production function might include dwead labor by dividing the index
of current dollar output in private business by the proddatraployment, average hours, and
average hourly earnings of production and nonsupervisorkevs in the private sector.

Empirical correlations In order to calculate the empirical correlations reportedable 1 and
those used for the calibration, | employ the following prdwaes. First, | estimate a VAR of the
form A(L)Y; = ¢, where A(L) denotes a matrix polynomial in the lag operaforA constant
and a linear trend are also included. In the baseline ragresthe lag length is four and the
vectorY; includes four quarterly time series variables (all takemfithe OECD): gross domestic
product, change in the log of the GDP deflator, inverse of wadllabor costs, and the Federal
Funds Rate. Except for the interest rate and inflation, albisées are in logs. For sources and
details of the data, see Appendix H. Identification is aakielry the assumption that a change
in the Federal Funds Rate has no impact on real variablesrazebs pn the same quarter. This
implies thatA(0) is lower-triangular and the interest rate is ordered lassegond-to-last if M1
or velocity are included. See Christiano et al. (1996) fathfer details. In order to economize
on the degrees of freedom, | re-estimate the VAR three moresti replacing in turn the markup
proxy with real wages, velocity, and the monetary base.

Since the model is designed to explain effects of monetahgyshocks, | calculate second
moments based on counterfactual time series that would lbeee observed if monetary pol-

28Using the markup measure based on the labor share of produtd nonsupervisory workers, as advocated
by Nekarda and Ramey (2013), in the below specified SVAR #etlifes an alternative identification scheme and
starts in the Volcker period also results in a significantidec
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icy shocks had been the only source of fluctuations. To this #re identified monetary policy
shocks are fed back into the estimated SVAR system, shutfingll other shockg® Condi-
tional second moments can be calculated based on the ngstiftie series. Note that since the
model is calibrated to annual data, | first annualize the dgteaking averages over four quar-
ters. The annualized time series are then HP-filtered witth@oshing parameter of 100, see
Hodrick and Prescott (1997). The results are presentectilethcolumn of Table 1. Because of
the annualization of the data, the results differ relativsttidies based on higher frequency data.

H Data sources

All data are quarterly and for the United States. Followingrida et al. (1999), the data start in
1979Q3, if not indicated otherwise, and run through 2009Q4.

From the Bureau of Labor Statistics Major Sector Productivity and Costs database: ‘Implicit
price deflator’, ‘Unit labor costs’ (both for the nonfarm Imesss sector), ‘Implicit price deflator’,
‘Unit labor costs’, ‘Total unit costs’ (all three for non-aincial corporations), ‘Current dollar
output’, ‘Production and nonsupervisory employees’, rage weekly hours of production and
nonsupervisory employees’, ‘Average hourly earnings afdprction and nonsupervisory em-
ployees’, ‘Labor share’ (all for the private business secto

From Coibion et al. (2017) updated Romer-Romer monetary policy shocks.

From the OECD Economic Outlook (OECD 2010a): ‘Gross domestic product - volume -
market prices’, ‘Gross domestic product - deflator - marketgs’, ‘Velocity of money’, ‘Real
compensation rate, total economy’, ‘Unit labor cost in te@onomy’, ‘Hours worked per em-
ployee - total economy’.

From OECDStat (OECD 2010b): ‘Narrow Money (M1) Index, SA and ‘Immediateteérest
rates, Call Money, Interbank Rate, Per cent per annum, (hean of last month in quarter).
From the Bureau of Economic Analysis ‘Profits before tax (with IVA and CCAdj) (nonfinan-
cial corporate business); Seasonally adj. at annual rétésons of dollar) from NIPA Table
1.14. divided by ‘CPI'. For the calculation of the profit seatGDP’ (billions of dollar).

29As starting values | employ hypothetical trending values thould have occurred if no shocks had happened at
all, instead of historical values. This guarantees thara geock variance leads to a zero variance of the variables.
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