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Abstract

This paper studies the welfare costs of anticipated inflation emphasizing a stark
feature of the U.S. economy: around 60% of the U.S. households do not hold any interest-
bearing liquid financial asset. This is particularly harmful in economic environments with
high inflation rates that poses a threat to this large proportion of the U.S. households.
In this paper, I explore the consequences of anticipated and persistent inflation and
its unequal distribution across money holdings for this particular type of households.
To do this, I develop a search-theoretic model of money where agents are ex-ante
heterogeneous in their productivity level, and money serves two roles: as a medium
of exchange and as an instrument for precautionary savings. The model generates a
non-degenerate distribution of money in steady-state that matches the one observed
in the data. This last point is crucial to assess the unequal costs of inflation across
the money holdings distribution. The main result shows that welfare costs of inflation
are higher than in the traditional money search models in the literature. Also, these
costs are larger for higher income households whose saving capacity is particularly
deteriorated, making it harder for them to hedge against income shocks. Finally, these
results are sensitive to the way money is being injected into the economy: costs are
higher when money is issued to finance government spending rather than via lump-sum
transfers, which indicates strong distributive effects.
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1 Introduction

The COVID-19 pandemic triggered a succession of economic challenges across the globe, with
one of its most enduring consequences being the surge in inflation rates. Despite concerted
efforts by governments and central banks to address various fiscal and monetary measures,
the task of curbing inflation remains formidable. Consequently, the persistent inflationary
pressures represent a critical concern in the current economic agenda. These events revitalize
the importance of two central questions in monetary economics: what are the welfare cost of
inflation and what are the channels through which inflation harms or benefits agents inside
the economy.

Within the theoretical models used to answer these questions, we can distinguish two
different approaches. On the one hand, reduced-form monetary models where agents face
cash-in-advance constraints or directly include money in the utility function (Lucas, 2000).
And, on the other hand, models that provide micro foundations for monetary economics based
on search theory where money is essential for trading (Lagos and Wright, 2005). Despite
being intrinsically different, both types of models were able to predict and quantify the
welfare costs of inflation and allowed for useful monetary policy insights. However, much
of this literature has focused on aggregate results. In this sense, little is known about the
implications of having endogenous and persistent heterogeneity across agents. In this context,
agents with heterogeneous portfolios and earnings might be hit differently by changes in the
inflation rate, not only potentially changing the aggregate results of previous research but
also, and equally important, opening a venue for analyzing redistributive effects within the
economy and the impact of inflationary processes on inequality.

This papers studies what are the welfare costs of high and persistent inflation and how
are these distributed on a particularly vulnerable group of households: those who do not hold
any interest-bearing liquid financial asset. In this sense, these particular households are the
most exposed to the threats of high and persistent inflation, as they cannot hedge against
it. Surprisingly enough, the share of this unique group of households is large for the U.S.
economy: almost two-thirds of U.S. households fall into this category.

I argue that persistent inflation distorts households’ optimal consumption-savings decisions.



On the one hand, for higher income individuals, the incentives to save are reduced, since
inflation acts as a tax on money holdings, constantly reducing its real value. As a consequence,
these households substitute savings for current consumption. This increase in consumption
does not necessarily mean that higher income agents will be better off. Instead, the implied
reduction on savings impede these households to hedge against income shocks, making them
more vulnerable to higher consumption fluctuations. This is, persistent inflation imposes a
substantial distortion on high-income households, impairing their capacity to accumulate
money balances for precautionary savings. On the other hand, for agents with lower income
and money holdings, high inflation leads to a decrease in their average real money balances,
which, in turn, implies a lower level of consumption. This is, the real balance effect is more
prominent in low-income agents who are at the bottom of the money holdings distribution.

My argument is based on two empirical facts. First, more than one-third of U.S. households
hold all their liquid assets in checking deposits, this share being particularly higher for those
at the lower end of the wealth distribution. Secondly, around sixty percent of U.S. households
do not hold any interest-bearing asset that would hedge them against inflation. Surprisingly,
this proportion has been stable even for periods with higher inflation, including the past
three years, in which inflation has been specially high. More precisely, in line with the
empirical evidence, individuals with higher financial wealth tend to allocate their wealth
towards high-interest assets whereas individuals in the bottom of the distribution hold their
entire wealth in bank accounts that have a nominal interest rate on its deposits that is nearly
zero, i.e. checking and saving accounts. Since these accounts represent poor stores of value in
the presence of inflation, agents at the bottom of the financial wealth distribution are more
exposed to the harms of inflation while agents with higher levels of financial wealth can hedge
against it.

One of the reasons why individuals hold all their financial wealth only in the most liquid
accounts is because money is essential for transaction purposes. The presence of liquidity
needs force all agents to hold some amount of cash -or near cash accounts- in order to conduct
transactions. Yet, this constraint is more binding for those households at the bottom of the
distribution, since they are closer to a hand-to-mouth situation. In contrast, for individuals

closer to the top of the distribution, even when they consume more than poor agents, can



buffer against liquidity shocks by holding some cash and also can mitigate the effects of
inflation by holding interest-bearing assets which have a higher return. Nevertheless, I
document that a large share of U.S. households do not hold such assets. Interestingly, these
very particular type of households are not poor at all . In fact, fifty-percent of households in
the fourth quintile of the liquid financial wealth distribution fall into this category.

I formalize this argument using a search-theoretic model of money with heterogeneous
agents that matches the money holdings distribution in the data. I use the model to quantify
the costs of inflation and how these costs are distributed across such distribution. To capture
the use of money holdings, agents trade sequentially in a frictionless centralized market (CM)
and in a frictional decentralized market (DM) that generates the necessity of using money
for transactional purposes. In this latter market, random bilateral anonymous meetings take
place between agents who can trade special goods for money. Individuals are also ex-ante
heterogenous in productivities corresponding to the production of the general good in the
CM.

I use this model to study changes in steady-state welfare due to inflation. The model
predicts that a permanent increase in the rate of inflation ruins household’s ability to buffer
against liquidity and income shocks, distorting optimal savings-consumption decisions. In
this sense, average welfare costs of inflation are higher than in previous studies, where the
precautionary savings motive is absent. This result advocates for grater financial integration.
Moreover, my results show that inflation hits differently to agents across the distribution of
money holdings. In this sense, individuals who are closer to the top of the distribution bear a
larger burden of the costs, since their saving capacity gets particularly deteriorated, making
it harder for them to hedge against income shocks. Interestingly, this effect offsets the fact
that high inflation distorts the consumption-savings decision of the agents, which prompts
them towards higher consumption, in expense of a lower savings rate. Finally, not only
the aggregate welfare costs of inflation, but also its distribution across households, crucially
depends on how money is being injected into the economy. In this regard, if lump-sum
transfers are used, the poorest and more liquidity-constrained agents lose the least -or even
gain- welfare, as some resources get redistributed out of the wealthiest agents in the economy.

Alternatively, if the fiscal-monetary authority uses the new issuance of money to finance its



expenditures, average welfare costs are much larger for the bottom quintiles of the money
holdings distribution.

Section 2 presents evidence on households’ portfolios and deposit interest rates. Section 3
develops the model, Section 5 characterizes the steady state, and reveals the mechanics of the
decentralized trading. Section 6 studies the cost and consequences of an increase in inflation

in the long run.

Related Literature

There is a vast literature of search-theoretic models of monetary exchange that study the
equilibrium properties of economies where money is essential for trading. Most influential
papers of this sort include for instance Kiyotaki and Wright (1989), Trejos and Wright (1995),
Shi (1995), Lagos and Wright (2005) and Rocheteau and Wright (2005). The key feature of
these examples is that they either have to restrict the divisibility of assets or goods exchanged
in the markets, or assume certain mechanism that eliminates the heterogeneity intrinsically
generated by decentralized trading. For instance, Lagos and Wright (2005) assume that
agents can participate in a Walrasian market right after having exchanged in a bilateral
meeting. The preferences of these individuals in this centralized market are assumed to
be quasi-linear. As a result, wealth effects are absent and every agent chooses the same
amount of money for the next decentralized market. The distribution of money holdings
is then degenerate at the beginning of every period. The critical reason for imposing this
restrictive assumption is to solve the households’ problem in a manageable manner because if
the distribution of money holdings were non-degenerate, agents must take into account the
whole distribution and its evolution over when solving their optimization problem. My paper
departs from these assumptions and tackles the consequences of accounting for the persistent
heterogeneity observed in the data.

These environments mentioned above have the advantage of being analytically tractable,
yet they are not suitable for studying the implications of having heterogeneous agents in terms
of money holdings in search-based monetary economies. In this regard, another generation of
such models, for instance Molico (2006), Chiu and Molico (2010), Chiu and Molico (2011)
and Menzio et al. (2013), tackles this issue. The first of these papers studies the distributive



consequences of different money injection mechanisms by only considering a sequence of
bilateral meetings that happen one after the other. In such an environment, it is shown that
changes in the growth rate of money are neutral if new money is injected via proportional
transfers, but not if it is injected by lump-sum transfers, as they generate a distributive
effect. Furthermore, under the class of lump-sum transfers, an increase in the rate of money
expansion tends to decrease the dispersion of money holdings and prices, and to improve
welfare when inflation is low; however, when inflation is high enough, the opposite effect
occurs. Chiu and Molico (2010) and Chiu and Molico (2011) extend this model along the lines
of the Lagos-Wright alternating markets structure. Their results show that distributional
effects matter for welfare. Additionally, the welfare effects of inflation are non-linear in the
inflation rate. In Menzio et al. (2013), they assume a directed search mechanism, instead of
bilateral trading. This introduces the advantage of having a Block-Recursive equilibrium,
i.e. policy functions and value functions do not depend on the aggregate distribution of
money. By this means, they circumvent the problem of having to deal with the distribution
of money as an aggregate state variable. On a more recent set of papers, Rocheteau et al.
(2018) includes heterogeneity in a model that is still analytically tractable using a Lagos-
Wright environment where agents face constraints on their labor supply choices. As long as
labor supply constraint binds, wealth effects start playing a role and contribute to having
a non-degenerate distribution. The model exhibits one-sided heterogeneity since the roles
of buyer and seller are permanent and exogenously imposed, thus there is no reason for
sellers to hold money. On their part, Bustamante (2018) study the distributional implications
of open market operations on a search theoretical monetary model based on Lagos and
Wright (2005) but with persistent and endogenous heterogeneity in money holdings. In
this economy, agents cannot fully self-insure against idiosyncratic liquidity shocks and the
heterogeneity in their marginal utilities makes nominal illiquid bonds useful. The presence
of heterogeneity across agents and the existence of a fully fledged distribution of prices
suggest that a one-time expansive open market operation has enough room to generate
short-run non-neutralities. Lastly, Chiu and Molico (2021) deal with the short-run effects
of monetary policy in a search-theoretic monetary model in which agents are subject to

idiosyncratic liquidity shocks as well as aggregate monetary shocks. This is, they study the



role of the endogenous non-degenerate distribution of liquidity, liquidity constraints, and
decentralized trade, for the transmission and propagation of monetary policy shocks where
money is injected through lump-sum transfers. My paper contributes to all the mentioned
works in two margins. First, none of this papers match the distribution of money holdings
from the model to the empirical one in the data, which is key to correctly quantify the costs
of inflation in an heterogeneous economy. Secondly, I introduce persistence into households’
earnings. This is particularly important in preventing households from easily shifting across
the spectrum of money holdings, as it is the case in the mentioned previous works. In these
search theoretic models, agents’ positions in this distribution are entirely determined by the
sequence of idiosyncratic liquidity shocks they encounter, dictating whether they become
buyers or sellers in the decentralized market. With the addition of a productivity shock
and its persistence, households don’t transition between "poor" and "rich" states in terms of
money holdings as frequently, and these states aren’t solely determined by liquidity shocks.
This feature is crucial in determining the welfare cost of inflation.

When it comes to the study of the effect of inflation on households’ savings capacity. In a
seminal work, Imrohoroglu (1992) examines the welfare cost of inflation in an economy where
agents hold money in order to smooth consumption in the face of income variability for which
there is no insurance. This generates a welfare cost of inflation several times larger than the
one studied previously in the transaction cost literature. As for environments that include
other assets besides money, Kocherlakota (2002) studies the welfare effects of having illiquid
nominal risk-free bonds in monetary economies. It is shown that individuals are better off
when they can engage in additional intertemporal trades of money even though both money
and nominal bonds have no intrinsic value. However, in the case that bonds are liquid, there
are no welfare gains since there is no difference between bonds and money. Another example
includes Erosa and Ventura (2000) where individuals allocate assets between capital and
money and perform transactions with cash or costly credit. In this scenario, money is a poor
store of value since it is dominated by capital in rate of return, but agents hold money because
of a cash in advance type of constraint. This paper suggests that inflation has important
distributional effects since it is a regressive consumption tax. As a result, welfare costs of

inflation can be higher for low-income individuals. On a more recent work, Cirelli (2023)



studies the welfare cost of anticipated inflation in a model of non-competitive banks along
with households that vary in financial sophistication, i.e. the possibility to get access to
high-interest assets. Nevertheless, these papers either assume a reduced form cash-in-advance
constraint or a cashless economy.

Finally, this paper is closely related to the research exploring the impact of household
heterogeneity on the transmission and execution of monetary policy. This field of study has
primarily relied on New Keynesian models in which households facing exogenous, uninsurable
idiosyncratic earnings risk engage in centralized markets within cashless economies that
feature nominal rigidities, for instance in Kaplan et al. (2018), Auclert et al. (2018), Auclert
et al. (2020) and Auclert et al. (2021). The primary focus of this body of work has been
on investigating the short-term stabilization properties of monetary policy, rather than
considering its long-term effects in the context of explicit money demand, which is a central
aspect of my examination. Moreover, in their papers, monetary policy is executed through a
Taylor rule without actively altering the public provision of liquidity, which sets my research

apart.

2 DMotivating Facts

In this section, using the Survey of Consumer Finances (SCF), I document the facts that
motivate my modeling choices and inform the quantitative analysis. First, I document that
historically, around forty percent of U.S. households have stored all their transaction assets in
the form of checking deposits and prepaid cards. Secondly, I show that checking and saving
accounts constitutes a sizable share of total financial assets for the average U.S. household.
In this sense, I document that almost two-thirds of U.S. households do not hold any interest-
bearing financial asset. Altogether, I argue that nominal interest rates on checking and saving

deposits have remained low, and close to zero, for almost fifteen years now. *

'For details on the SCF, sample selection and computations see Appendix A.



Transaction Motive

Using the SCF from years 2001 to 2022, I look into the transaction account of households,
defined by the survey as the sum of five components: checking accounts, saving accounts,
call accounts, money market accounts and prepaid cards. I focus on the most liquid account
so as to emphasize its role for transaction services.

Figure 1 shows that about forty percent of U.S. households hold all their transaction
account in the form of checking deposits and prepaid cards. Interestingly, despite having
considerable fluctuations in the inflation rate throughout this period, this proportion has
remained mostly steady. That is, even when the opportunity cost of holding checking accounts
is high, households do not appear to flee from their most liquid account, which manifest the

necessity of liquidity for transaction purposes.

Figure 1: Share of households who only hold checking accounts and prepaid cards
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Note: The data come from the Survey of Consumer Finances and FRED, Federal Reserve Bank of St. Louis.

What is more, the share of the total dollar value in the transaction account that these
households who only own checking accounts and prepaid cards, if anything, has been increasing
during the period covered. In fact, Figure 2 shows the total dollar value of the transaction
account for each wave of the SCF, taking the year 2001 as the base year, so its total dollar
value is equal to 100. Additionally, Figure 2 displays the share of the total dollar value in the



transaction account that is own by the households who hold all their transaction account in
the form of checking deposits and prepaid cards. It can be seen that, even when the total
dollar-value of the transaction account has been growing over time, the share of it owned by
this particular type of households has also increased, up to 28% in 2022, which indicates that

their holdings are sizable inside this account.

Figure 2: Dollar-value share of households who only hold checking accounts and prepaid
cards
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Note: The data come from the Survey of Consumer Finances. Blue bars represent the total dollar value
of the transaction account for each wave of the SCF, taking the year 2001 as the base year. The red dots
indicate the share of the total dollar value in the transaction account that is owned by households who only

have checking deposits and prepaid cards

Savings Motive

I will now focus on the role played by these most liquid accounts as saving vehicles. The
focus on financial liquid assets is driven by recent findings, which highlight liquid assets as
the primary type of assets that households rely on to maintain their consumption when they
face unexpected changes in income. I define financial liquid assets as the whole universe of
financial assets in the SCF excluding pension funds, life insurance, and other managed and

miscellaneous assets. Thus, this definition of financial liquid assets includes, not only the



entire transaction account, but also certificate of deposits, directly held investment funds,
saving bonds, directly held stocks and directly held bonds.

The data suggest that a large proportion of household hold all their financial liquid assets
in the form of checking accounts, saving accounts and prepaid cards, despite these accounts
having nearly zero nominal returns, as it will be shown later. That is, even when these
accounts represent poor stores of value and do not offer the possibility to buffer against
losses from inflation, households do not appear to abandon these accounts, not even for
other financial liquid assets that bear higher rates such as money market accounts, bonds or
investment funds. To make this point more explicit, Figure 3 shows that about sixty percent
of U.S. households hold all their financial liquid assets only in the form of checking deposits,
saving deposits and prepaid cards. Again, despite having considerable fluctuations in the

inflation rate throughout this period, this proportion has remained mostly steady.

Figure 3: Share of households who only hold checking accounts, saving accounts and prepaid
cards
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Note: The data come from the Survey of Consumer Finances and FRED, Federal Reserve Bank of St. Louis.

I will now restrict my attention to determining the composition of these households in
terms of liquid wealth and income. For such purpose, I will delve into the SCF for the year

2019 2. This particular year exhibits averages values for inflation and nominal returns on

2SCF for the year 2022 is not much different from that of 2019, despite the hike in inflation, for more
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assets in line with the time span being considered, as well as returns to checking and saving
deposits that are nearly zero. Figure 4 splits the 2019 population into financial liquid assets
quintiles and calculates the share of households who have all their financial liquid wealth in
terms of checking accounts, saving accounts and prepaid cards in each quintile. Additionally,
it shows the median income of each group. ® It is an striking fact that these particular kind
of households are not poor. In fact, 50% of households in the fourth quintile do not hold
any asset at all apart from the three mentioned that bear nearly no return. Moreover, for
this specific quintile, the median income is well above the median income of the entire U.S.
population. This result is indicative of the fact that a large number of U.S. households use

these three accounts as saving vehicles, as they do now hold any other liquid financial asset.

Figure 4: Share of households who only hold checking accounts, saving accounts and prepaid
cards by quintile of financial liquid assets
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and in the top quintile, more than one year of household income.

So as to stress the striking fact that it is not only poor household that use financial
liquid assets with zero return as savings vehicles, but this is also true for richer households,

Figure 5 shows the contribution of the dollar amount held in checking accounts, savings

details see Appendix A.
3This pattern is robust to the choice of year.
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accounts and pre-paid cards in the total financial liquid assets account. Again, although, on
average, the dollar-value of checking accounts, savings accounts and pre-paid cards accounts
for more than 77% of the dollar-value of the whole financial assets account, this number varies
across the distribution over the transactions account. While for agents at the bottom of this
distribution such contribution goes up to 97%, this number decreases for agents at the top of
the distribution, yet, notably, it remains high for most of the distribution. For instance, it is
worth noticing that for the median household in the financial liquid assets account, the dollar
value of their checking accounts, savings accounts and prepaid cards constitutes 92% of their
financial liquid account’s total dollar value, which is surprisingly high. Lastly, the black line
in Figure 5 exhibits the median income of each corresponding decile of the financial assets
account, which also shows that higher-income individuals tend to hold a lower proportion of

their financial assets’s dollar value in the from of checking, savings and pre-paid cards.

Figure 5: Dollar-value composition of checking accounts, savings accounts and prepaid cards
over total financial liquid account
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Deposit Rates

While it is true that positive inflation represents a cost for those households who have checking
and saving deposits, it is not the only cost they face. Regardless of the level of inflation,

these households face an opportunity cost related the interest rate on other liquid assets. In
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other words, having deposits becomes costly when the return on them is less than what can
be earned from a market asset with comparable features. Figure 6 displays data for the time
span analyzed before, of the interest rates for the two different types of deposits: checking
and savings accounts. It also includes the fed funds rate as a reference point for the safe
return that households can achieve in the market. It is interesting to remark that after the
Great Recession, deposit rates on both checking and saving accounts have remained steadily
at zero. This is not a feature of a zero-lower-bound (ZLB) episode in the U.S., in fact, it can
be noticed in the figure that when in 2016 Fed Funds rates start to increase, neither the rate
on checking deposit nor the rate on saving deposit change in the same way. To reinforce this

argument, the same can be concluded from the post COVID-19 period.

Figure 6: Deposit Rates and Fed Funds Rate
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Note: The data come from Drechsler et al. (2017) and FRED, Federal Reserve Bank of St. Louis.

To summarize, for all the time span being considered here, approximately 40% of U.S.
households, only hold checking deposits plus prepaid cards in the transaction account, which
is indicative of the transaction role played by them. Moreover, 60% of all households, maintain
all their liquid financial assets in the form of checking accounts, saving accounts and prepaid
cards, that is to say, in zero-interest accounts, being this their only savings vehicle. In this

sense, almost two-thirds of the U.S. households do not hold any interest-bearing financial
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asset. What is striking is that these shares have remained stable, even in periods when
inflation was higher or deposit rates on other assets were considerable larger. Finally, these
households are not all poor; one-half of the households in the fourth liquid assets quintile lies

inside this group of particular households.

3 The Model

Environment

The model presented here is based on money search models as in Lagos and Wright (2005),
and Bewley-Aiyagari economies, (Bewley (1983), Aiyagari (1994)) but with a few critical
differences that will be appropriately pointed out. Time is discrete. There is a [0, 1] continuum
of agents who live forever and discount the future with factor 5 € (0,1). Each period is
divided into two sub-periods (markets) that operate sequentially: first agents trade bilaterally
in a decentralized market (DM), and afterwards they meet in a centralized market (CM).
Agents consume and supply labor in both sub-periods. There is a unified fiscal-monetary
authority which supplies the only asset available in this economy for the households: fiat
money, which is perfectly divisible and storable in any non-negative quantity. Money, which
has no intrinsic value, is essential in this model since meetings in the DM are anonymous,
there is no record keeping and agent’s histories are private information so exchange must be
quid-pro-quo. Individual nominal money will be normalized with respect to the beginning of
each period money supply, M. Then, if m represents individual nominal money holdings,
m = m/M denotes the individual relative money holdings.

In the DM, agents are randomly matched in anonymous bilateral meetings where « is the
probability of a match. Each individual is specialized in the production of a non-storable
differentiated good, ¢. Each agent can transform labor one for one into one of these special
goods that she herself does not consume. For any two individuals ¢ and j matched at random,
there are three different types of meetings. Either agent ¢ consumes what agent j produces (a
single-coincidence), agent j consumes what agent i produces (a single-coincidence) or neither

wants what the other produces (no coincidence). In a single-coincidence meeting, if ¢ wants
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the special good that j produces, we call 2 the buyer and j the seller. Let the probability of
being matched as a buyer be ¢. Upon matching, agents must determine the terms of trade
between them, this is, the quantities of the special good being traded and its price in units of
money. Here we assume that these terms of trade are determined by a take-it-or-leave-it offer
made from the buyer to the seller.

In the second sub-period agents trade in a centralized Walrasian market. With centralized
trade, specialization does not lead to a double-coincidence problem, and so it is irrelevant
whether the good ¢ comes in many varieties or one; hence we assume that all agents produce
and consume a general good in the CM. Agents are heterogeneous in the production technology
that transforms labor into the general good. In this sense, each household periodically receives
an idiosyncratic productivity shock that influences its labor income. This shocks follows a
Markov process. The introduction of this feature into the standard search theoretic model is
key because of two reasons. First, it adds persistence in households’ earnings. This is most
relevant in order to refrain households from moving easily throughout the money holdings
distribution as in the standard search model in the literature, where the position of the agents
in such distribution is completely given for the sequence of idiosyncratic liquidity shocks that
they face, i.e. whether they get to be a buyer or a seller in the decentralized market. By
incorporating this productivity shock with persistence, households do not just transit states
of being "poor" and "rich" in terms of money holdings so frequently, and this states do not
only depend on the liquidity shock. Secondly, it incorporates precautionary savings motives
to the model. In this sense, being aware of the possibility of a change in their productivity,
agents stock up savings in case of a bad shock. This is to capture the role of money holdings
as a savings vehicle, given the fact that money is the only storable asset in this economy.

In this sub-period, agents also can adjust their money portfolio and receive transfers from
the fiscal-monetary authority, if there are any. In addition, contrary to what is assumed in
Lagos and Wright (2005), the agent’s utility in this sub-period is not restricted to be linear
in the labor argument, and as a result, there won’t necessarily be a degenerate distribution
of assets. Notice that special goods cannot be traded at the CM nor general goods during
the DM because they are produced in only one sub-period and are not storable. Figure 7

illustrates the exact timing of the model for a given period.
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Figure 7: Timing of Events in the Model
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In the decentralized market, agents are randomly matched in bilateral meetings where they
trade their specialized good for money. This differentiated good is nonstorable, can only be
produced in the DM and its production technology is one-to-one with labor. The sub-period

utility function is:

U(g,h) = u(q) —v(h) (1)

where ¢ and h represent consumption and labor in the DM, respectively. Moreover, u and
v are the utility and cost functions, respectively, which satisfies the following properties:
u(0) =v(0) =0, v >0, v <0, u” <0,v” >0 and are twice continuous and differentiable.
Let F'(m,s) and G(m,s) be the probability measures that summarize the distribution
over money and productivities for the DM and CM, respectively. These distributions are
defined on the Borel algebra, Z, generated by the open subsets of the space Z = M x S.
Given that the probability of being matched with someone with a particular portfolio (m, s)

depends on how many individuals on the entire economy actually holds (m, s), the probability
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distribution is the aggregate state variable. Denote the law of motion for these distributions
as G =T¢(F,0) and F' =T'p(G,0), where 6 represents the vector of fiscal-monetary policy.

Therefore, in equilibrium we must have:

/st mdF(jdm x ds]) = M 2)

Denote by m the amount of money with which an individual enters the CM, so we can
define x = m+7 as cash on hand at the beginning of the CM, where 7 corresponds to nominal
transfers given by the fiscal-monetary authority. Note that cash on hand, z, and productivity
states,s, are the relevant individual state variables in the CM. Besides, the distribution over
money holdings and producivities, G(m, s) represents the relevant aggregate state variable.
In this context, define V(m, s; F,0) and W (x, s; G, ) as the value functions at the beginning
of the DM and CM respectively.

Assume that when two individuals are matched in the DM, they decide over the terms of
trade with a take-it-or-leave-it offer made by the buyer to the seller, where the buyer offers to
buy ¢ units of the special good in exchange for d units of money. In a bilateral meeting where
the buyer’s state is (my, ;) and that of the seller is (my, s;), terms of trade are determined

as the solution to the following generalized Nash bargaining problem:

max[u(q)+W (my—d+T1, sp; G) =W (mp+T, 55)|° [—0(q) + W (mg+d+7, 55; G) =W (my+T, 5)] 7

q,d

subject to

—v(q) + W(ms + d + 7,55) > W(ms, ss; Q)

u(q) + W(mp —d + 7, 8) > W(my, sp; G)
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G(m,s) =T¢(F(m,s),0)

The first term in the maximization problem represents the surplus of the buyer. This is
composed by the utility a buyer gets from consuming the specialized good in the DM, u(q),
and the corresponding continuation value, which is represented by the value in the CM of the
cash on hand remaining after the DM transaction, i.e. W(my, —d, s). On the other hand, the
threat point is given by the utility that corresponds to leave the bilateral meeting without
doing any trading and just move onto the CM with the initial money holdings, W (my, sp) .
The second term represents the side of the seller. Given a successfully trade, the seller must
produce the quantity accorded, which costs disutility v(q). However, the seller moves into
the CM with a higher stock of money, which is represented by W(mg + d, s5). Finally, as
in the case of the buyer, he threat point is given by the utility that corresponds to leave
the bilateral meeting without doing any trading and just move onto the CM with the initial
money holdings. Then, the first two constraints are the participation constraints of the buyer
and the seller, respectively. The third and fourth constraints indicate that quantities have to
be non-negative and transaction of money holdings are bounded below by the non-negativity
constraint as well, but are also bounded above by the total quantity of money holdings that
the buyer has. In this problem, 6 represents the bargaining power of the buyer. If it is
assumed that the buyer makes a take-it-or-leave-it offer to the seller, the above maximization

problem is reduced to:

max u(q) + Wimp + 1 —d, s, G)
q,

subject to

—v(q) + W(ms +7+d, ss; G) = W(ms + 7, s5; G)

Ogdgmb
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G(m,s) =T¢(F(m,s),0)

Note that, in this case, the buyer takes all the surplus of the meeting and leave the
seller indifferent between trading or not, which is embedded on the participation constraint
with equality. More importantly, the continuation value of both buyer and seller takes into
account the portfolio that they will have entering the CM. For each type of bilateral meeting
in the DM, denote the solution to the terms of trade problem as g(my, sy, ms, ss; F,0) and
d(my, sp, ms, ss; F, 0).

Given the current environment, the expected lifetime utility at the beginning of the DM
of an agent with individual states (m,s), this is, before any bilateral meeting takes place,

can be defined as follows:

V(m,s; F.0) = ac /st (u(q(z,2)) + W (m — d (2, 2,) +7:G,0)} F (d[my x s4])

Tag /st {—v(q(z,2)) + W(m+d(z,2) +7G,0)} F(dmy X sp))

+ (1 —ao)W(m+71;G,0)

where 2z, = (my, sp) and z; = (mg, s).

This expression is composed by three terms. First, there is the expected value of being
matched as a buyer, taking into account that there are different sellers they can meet with,
according to their individual states. This is, it takes the probability of being a buyer in the
DM bilateral meeting, ao, times the expected value, given the agent’s individual states, of the
result of the trading. This makes explicit the use of the distributions across money holdings
and productivity states as an aggregate state variable. The second term is the expected value
of being matched as a seller. Finally, the last term is the value of not being matched or being

matched in a no-coincidence meeting.
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Centralized Market

In the centralized market, individuals decide on how much to consume and produce of the
general good, as well as the money holdings they want to carry to the next period. In the
CM, Agents are heterogeneous in the production technology that transforms labor into the
general good. In this sense, each household periodically receives an idiosyncratic productivity
shock that influences its labor income. This shocks follows a Markov process. The sub-period
utility function is:

Ul(c, h) (3)

where U is twice continuously differentiable and strictly concave in both consumption and
leisure. Notice that here U is not restricted to be linear in any argument.
Define the lifetime utility of an agent that enters the CM with cash on hand z and

productivity state, s, as:

Wz, 5:G) = max{U(c.h) + BEV (m',s'; ")

subject to

¢+ dm[m' (1 + p)] = y(s)h + ¢z
F'(m',s") = Tr(G(m,s),0)

where ¢, is the price of money in terms of the general good, i.e. the inverse of the price of

the general good and p is the rate of money growth in the economy.

In this sub-period, given household’s individual states, (z, s), they optimally choose how
much to consume of the general good, ¢, how much labor supply, h, and how much money
holdings to carry to the next period, m’. The expectation in the value function is taken across
all the possible productivity states next period. The budget constraint of the households
simply states that the real value of their expenses -consumption and future money holdings -

has to be equal to the real value of their income plus cash-on-hand.
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Fiscal-Monetary Authority

The fiscal-monetary authority is in charge of the supply of money, M. Assume money grows
at the constant rate p so that M’ = (1 4+ u)M. Let 6 = (M, u) denote the state vector
that characterizes monetary policy. The fiscal-monetary authority must maintain a balanced
budget at all times. Therefore, it finances its unproductive expenditures services and transfers

to households with seigniorage. Thus, the fiscal-monetary budget constraint is:

Gy + Ty = (M — My_y) (4)

Furthermore, transfers , T, (or taxes if negative) and government expenditures, G, are
expressed in real terms, so that 7' = ¢,,7 and G = ¢,,9. So the government balanced budget

constraint can be expressed in nominal term as follows:

g+ T =1

The government has several options for balancing its budget through transfers and expen-
ditures. Therefore, I formulate the model in a comprehensive manner. In the quantitative
analysis, I explore two methods of closing the model: (i) a scenario involving government
expenditure, where g > 0 and 7 = 0, and (i7) a scenario with lump-sum transfers, where
g =0 and 7 > 0. Despite the second case with positive lump-sum transfers being the most

common among the literature, I incorporate the case with positive unproductive government

¢m,,t—1

expending to isolate from the case of transfers’ distributional effects. In addition, 7 = -

denotes inflation.

Equilibrium

A monetary equilibrium is a set of functions for value {V(m, s; F,0), W (z, s; G, )}, alloca-
tions {c(z, s; G, 0), h(z,s;G,0),m'(z,s;G,0),q (2, 25)}, prices {d (zp, 25) , pm(G) } and distri-
butions {F(m, s), G(m, s)} such that, given the policy 6 :
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—_

. Values V(m, s; F,0) and W (z, s; G, 0) and decision rules ¢(z, s; G, 0), h(z, s; G, 0), m/'(z, s; G, 0)
satisfy the definitions above, for any given {q,d, ¢,,} and {F(m,s),G(m,s)}.

. Terms of trade {q (25, 25) ,d (25, 25) } in the decentralized market solve the Nash bargain-

ing problem stated, given V' (m, s; F,0) and W(x, s; G, 0).
. There is a monetary equilibrium: ¢,, > 0.

. The government has a balanced budget:

Gy + T, = o (M, — M)

. The money market clears:

/st mdF ([dm x ds]) = M

. The law of motions for F'(m,s) and G(m, s) are given by I'r(-) and I'¢(+), respectively.
These maps are consistent with the initial conditions and the evolution of money
holdings implied by DM and CM trade, and productivities by its Markov process. This

is,

G(m,s) =Tg(F,0) = ao F([dm x ds))F ([dms X ds;])

{zs€Z} ~/{(m—d(z,zs)+7',s)6Z}
+ aa/ / F([dm x ds))F ([dms x dss))
{zm€Z} J{(m+d(2p,2)+T,5)EZ}

+ (1 — F(ldm x d
(1—a0) [ Flldm>xds))
and
F'(m,s) = Tr(G, 0) = I1(s, §') / G([dm x ds))
{(m/(=,s))eZ}

where, as before, z; = (m;, ;) fori =b,s and Z = M x S, and II(s, §') is the transition

matrix of productivity states.
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4 Calibration

The aim of the quantitative exercise is to assess the welfare costs of inflation across the money
holdings distribution for those households who do not hold any interest-bearing financial asset.
As it was shown in the empirical part, the share of such households in the U.S. economy is
64.39 % according to the SCF for 2019. The quantitative results of the model regarding the
costs of inflation depend on how closely the model resembles the money holdings distribution
among these households. Therefore, moments of this empirical distribution would be the
natural target. To measure money in the data, I assign M to be the sum of checking deposits,
saving deposits, and prepaid cards. All these elements have been shown to have close to zero
nominal interest rate in the data.

The model is yearly, mainly to facilitate comparison with the existing literature. For all
possible parameters that have a standard value in the literature or can be mapped directly
to the data, I do so. Remaining parameters are chosen to match informative steady state
moments.

In terms of functional forms, I follow Lagos and Wright (2005). Therefore, the following
utility and cost functions, respectively, in the DM are as follows:

) = T lla+ 07 =0

o(h) = Bh"

where n >0, B> 0, v >0 and b~ 0.

As for the CM, I deviate from the quasi-linearity assumption as already stated. In
particular, the utility function in the CM is concave in consumption, has a constant Frisch

elasticity of labor supply, and is given by

(h)l-l—’Y
(1+7)

where 7 is the inverse of the Frisch elasticity of labor supply and x > 0 is a scale parameter.

U(c,h) =Clog(c) + k
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The parameters determining the scale of utility of consumption in the DM, C, the scale of
the disutility of labor in the CM, &, the Frisch elasticity of labor supply, v, and curvature
of the utility function in the DM, 7, are jointly calibrated to match (i) each decile in the
money holdings distribution, (ii) the average markup, (iii) the velocity of money and (iv) the
semi-elasticity of money demand with respect to the nominal interest rate. In what follows,
I discuss the calibration of the model with no transfers, 7 = 0, and positive unproductive
government expenditure, g > 0, but the moments generated by the same parameter values
in the model with positive transfers and no government expenditures are almost identical.

Table 1 shows the calibrated parameters.

Table 1: Parameter Values

Parameter Description Value

Internally calibrated parameters

v Inverse of Frisch elasticity 2

K Scale of disutility of labor 5

C Scale of utility of consumption 4

n Curvature of utility of consumption  0.45

B Discount factor 0.97

Externally calibrated parameters

I Growth rate of money 0.03 Average inflation

« Probability of meeting 1 Lagos and Wright (2005)
o Probability of being a buyer 0.5  Lagos and Wright (2005)
B Scale of cost of working 1 Lagos and Wright (2005)
b Scale parameter in u(q) 0.0001 Lagos and Wright (2005)
Ps Persistence of log income 0.91  Floden and Lindé (2001)
Os Std. of log income innovations 0.7 Floden and Lindé (2001)

Note: Internally calibrated parameters are simultaneously calibrated to match the moments reported in
Table 2.

The money growth rate is taken to be consistent with an inflation rate in steady state
equal to average of sample data. The Frisch elasticity of labor supply is set equal to 0.5,
which means that v = 2. This elasticity is in the range of what Chetty, Guren, Manoli, and
Weber (2021) document. For the income process, I use the persistence estimated by Floden
and Lindé (2001) for yearly values. For the standard deviation of innovations, oy, the value

targets the cross-sectional standard deviation of pre-tax log income of 0.7.
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The model is able to replicate a velocity of money close to the one observed in the data for
the sample period: 1.827 in the model versus 1.695 in the data. Moreover, the semi-elasticity
of money demand with respect to the nominal interest rate is —0.069, close in range to the
one documented in Lucas (2000), Aruoba et al. (2011), and Berentsen et al. (2011). Table 2

reports the aggregate targeted moments in the data and their model counterparts.

Table 2: Aggregate Moments Used in Calibration

Data Model

Velocity of Money 1.695 1.827
Semi-elasticity of money demand [-0.05, -0.1]  -0.069

Note: Velocity of money in the data is the average for the period 1999Q1-2022Q4. Money is equal to M2
taken from FRED, Federal Reserve Bank of St. Louis, computed as the sum of currency, demand deposits,

saving deposits, and time deposits. The semi-elasticity of money demand is taken from Aruoba et al. (2011).

As it was previously stated, the most important object to match to perform the quantitative
exercise is the money holdings distribution. Its relevance is given by the fact that not only
does it affect the computation of the aggregate welfare cost of inflation, but also it is the key
element to assess any distributive effect. For this purpose, using the SFC 2019, I consider
only the households who do not hold any interest-bearing asset, which represents 64.39% of
U.S. households, and I compute the distribution of money holdings across them. In this case,
money holdings are composed of the sum of checking accounts, saving accounts and pre-paid
cards, which have been shown to bear near zero nominal interest rates in Section 2. Finally,
to make the right comparison between the data and the model, I divide money holdings by
the corresponding weighted average in the data.

In this regard, the model mimics quite well the money holding distribution implied by
the data. In particular, Table 3 shows the corresponding quintiles and the median of both

distributions (data and model):
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Figure 8: Money Holdings Distribution: Model and Data
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Note: Money holdings in the data are defined as the sum of checking accounts, saving accounts and pre-paid
cards. These values are normalized by the aggregate weighted average, as in the model.

Table 3: Moments of Money Holdings Distribution

Money Holdings Distribution ‘

Percentile 20 40 50 60 80
Data 0.02 0.09 0.16 0.29 0.88
Model 0.04 0.09 0.16 0.28 1.05

5 Stationary Equilibrium

I begin by characterizing the steady-state equilibrium of the benchmark economy as this will

help to better understand its properties. For this section, I consider the case of no transfers,

7 =0, and positive unproductive government expenditure, g > 0. The alternative case with

7 > 0 and g = 0 yields very similar results as far as terms of trade, distribution of money,

and decision rules are concerned.?

Figure 9 presents the terms of trade concerning both quantities and monetary payments

involved in transactions between buyers and sellers with median productivity states. The

4For all these numerical exercises, we use the solution method outlined in Appendix B
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graph illustrates how the terms of trade vary based on the buyer’s money holdings, m,;, and
the seller’s money holdings, m,. In any potential transaction, the quantities exchanged in the
decentralized market (DM) increase with the buyer’s money holdings and decrease with the
seller’s money holdings. To provide intuition, when the seller is wealthier, their opportunity
cost of working becomes higher. Consequently, the seller demands more money in exchange
for a lower level of output to maintain indifference towards trading. Conversely, the buyer’s
willingness to pay increases with her money holdings, ensuring higher consumption. In other

words, the opportunity cost of spending an additional dollar in DM trading decreases with

the seller’s money holdings.

Figure 9: Terms of Trade: Quantities and Monetary Payments

Quantities Payments

q(mp, ms, sp, s5)

Note: For expositional purposes, the figures only present terms of trade as a function of (mp, ms) for
meetings between both buyers and sellers with median productivity states, (sp, ss)

Delving into the buyer’s terms of trade, Figure 10 reports the quantities of goods traded,
as an average across all possible sellers, and the fraction of money holdings spent by the buyer
(propensity to spend), both as a function of the buyer’s real money holdings. Additionally,
this figure shows these patterns for three different productivity levels: low, middle and high.

As it was pointed out before, the quantities traded are increasing and concave in the
buyer’s real money holdings. This is due to the fact that as the buyer gets richer, the

more she wants to spend on current consumption. However, as the level of consumption
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increases, the seller’s marginal value of money is driven down, and then the quantity the
buyer is able to purchase will increase at a slower rate. As the seller becomes richer, the
marginal amount of money holdings spent by the buyer becomes less valuable. As the buyer
needs to pay more to buy the same quantity, production drops. Note that, as is standard in
search-theoretic models of money, trading frictions in decentralized trading generate inefficient
allocations. The dashed black line in the first panel in Figure 10 shows the efficient level for
quantities exchanged, ¢*, that solves u'(¢*) = v'(¢*). Nevertheless, differences not only in
money holdings but also in productivity levels give rise to inefficient outcomes. In this sense,
buyers with less real balances typically consume less than the efficient quantity while buyers
with more real balances typically consume more than the efficient quantity. In this regard,
buyers with higher productivity levels consume more. This is because the continuation value
out of a trade for a high-productivity agent is larger and, as such, the marginal value of an
additional unit of money spent decreases which, in turn, implies higher consumption.

In line with this result, the right panel on Figure 10 depicts the buyer’s propensity to
spend, defined as the total money payment made relative to the buyer’s money holdings. It
can be seen that buyers with low levels of real balances are liquidity constraint and thus
they spend all their balances in each trade. Nonetheless, the fraction of money a buyer
will spend at a meeting is decreasing in their money holdings. This is more apparent for
low-productivity agents since, in the rare event that such an agent can stock up a large
amount of real balances, their continuation value for spending it all is so low that they wish
to accumulate most of it in order to maintain a higher consumption in the CM and enjoy
better terms of trade in the following round of bilateral meetings. Such motive is much less
strong in high-productivity agents because its easier for them to stock up larger amounts of
real money holdings.

As far as the seller is concerned, Figure 11 illustrates the terms of trade for the sellers
in more depth. The panel on the left depicts the quantities of the good produced by the
seller according to their real balances, as an average across all possible buyers in the economy.
Again, note that poor sellers typically produce more than the efficient quantity while richer
sellers will typically produce less than the efficient quantity. This means that a higher

dispersion in money holdings generates a more inefficient equilibrium. Additionally, it is
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Figure 10: Terms of Trade - Buyer
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Note: Buyer’s terms of trade. Quantities consumed are averaged across all possible sellers. Propensity to
consume refers to the total money payment made relative to the buyer’s money holdings. The dashed black
line correspond to the efficient quantity exchanged.

worth noticing that low productivity agents produce more that high productivity ones. This
is due to the fact that the marginal value of an extra unit of real balances for the first type of
agents is generally greater than the cost of production, whereas, for the latter type of agents,
the inverse is true. On the other hand, the right panel in Figure 11 plots the per-unit price
at a meeting. As can be seen, this price is increasing in the real balances of the seller. The
intuition is straightforward, the richer the seller, the lower their marginal value of money and
thus, for the same amount of goods, the buyer will be willing to offer a a higher price and
the seller will demand more money, and thus a higher price. Moreover, high-productivity
agents are paid a higher price for their production given the fact that their marginal cost of
working relative to the marginal benefit of an extra unit of real balances is higher than that
of low productivity agents.

Interestingly, the diverse terms of trade arising from the bilateral meetings in the de-
centralized market result in buyers and sellers bringing different money holdings into the
next centralized market. In contrast to models with quasi-linear preferences, the decisions of

agents in the CM are notably influenced by wealth effects. Consequently, not all agents opt
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to accumulate identical amounts of money, leading to persistent heterogeneity generated by

decentralized trading across periods. °

Figure 11: Terms of Trade - Seller
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Note: Seller’s terms of trade. Quantities produced are averaged across all possible buyers. Price paid refers
to the total money payment made relative to the total quantity exchanged. The dashed black line correspond
to the efficient quantity exchanged.

Finally, the diversity in money holdings among agents upon entering the decentralized
market results in a fully-fledged distribution of prices, calculated as the ratio of monetary
payments (d) to quantities exchanged (¢q). Figure 12 illustrates this price distribution. The
dispersion in money holdings is sufficient to generate a standard deviation of 0.37 in the

observed prices.

6 Welfare Costs of Inflation

The spirit of this section is to study what are the implications of having an heterogeneous
distribution of money holdings in the welfare costs of inflation. This exercise is of interest
since we can address whether the aggregate costs of inflation are the same as in the traditional

models with degenerate money holdings distributions or the presence of heterogeneity changes

5Refer to Appendix for details in the policy functions in the CM.
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Figure 12: Stationary Distribution of Prices
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Note: Unit prices are defined as p(my, sp, ms, $s) = d(mp, Sp, Ms, Ss)/q(msp, Sp, ms, $5) . The distribution
of prices accounts for all possible meetings between buyers and sellers given the stationary distribution of
agents over money holdings and productivity levels.

their result. Furthermore, we can decompose the aggregate welfare changes for different
agents across the money holdings distribution. In this sense, the aim of this quantitative
exercise is to assess the welfare costs of inflation across the money holdings distribution for
those households who do not hold any interest-bearing financial asset.

To begin with, I start by computing the stationary equilibrium of the monetary economy
under a 0% inflation regime . Then, I use the model to obtain the stationary equilibrium
of the economy under a 10% inflation regime and I ask what are the welfare cost of living
in the latter economy in comparison to the former. The way I measure the welfare costs is
by asking how much total consumption agents would be willing to give up in order to move
from a stationary equilibrium with 10% inflation to one with zero inflation.

For any given money holdings m and productivity state, s, I compute the value function

at the 10% inflation steady-state as follows:

Vio(m, s) = ao / [u(q(z, 2)) + Wio(m — d(z, 2)) + BE,Vie(m' (m — d(z, 2)), s')} dF(m x s)
+ao [ [ = vlalz 2) + Wiolm + d(2, 2) + BE,Vao(m' (m + d(2, 2)), 8) | dF (m x 5)

+(1—ao) [Wm(m) + BE,Vio(m' (m), s')
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where

h(zx,s)*

W10($78> = ClOg(C(Q?, 8)) —k 1+ ~y

and © = m — d(z,2) 4+ tr when buyer and x = m + d(2, z) + tr when seller. As stated
before, z = (m, s).
In the same way, the value function at the 0% inflation steady-state is computed for all

values of money holdings and productivities, obtaining :

Vi m,s) = ac [ [ula(=,2)) + Wolm — d(z, 2)) + BEVE (m'(m — d(,2)), &) | dF (m x 5)
+ac / [ —0(g(3,2)) + Wolm +d(2, 2) + BEVA(m (m + d(3, 2)), s')] dF(m x s)
+ (1= a0) [Wo(m) + BBV (' (m), )]
where, as before,

hl—i—v

147

Wy = Clog(Ac) — k

Notice that if we combine the two previous expressions we get:

1+~

Vi (m,s) = oza/ [U(Aq(z, 2)) + Clog(Ac) — th—i_ 5 + BE VA (m (m — d(z, 2)), s')} dF(m x s)

14y

S + BEVA(m (m 4+ d(3, 2)), s’)] dF(m X s)

+ aa/ [— v(q(2,2)) + Clog(Ac) — Iilh

14+

+ (1 —ao) [C log(Ac) — /4;1h+ 5

+ BBV (' (m), )|

Thus, after having computed both Vig(m) and V™ (m), for each level of money holdings,

m, and productivity states, s, all that is left to do is to solve for the one A such that ©

‘/10<m’3) - ‘/E)A(mv 8) (5)

SFor a more detailed explanation about this computation look at the appendix
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This computation is done for every pair (m, s) in the grid. So that the result is the
"individual cost" for each possible pair of money holdings and productivity states, m, s,
measured as (1 — A). Finally, the last step is to weight them for the corresponding density
F(m, s) in the zero-percent inflation steady state.

Before presenting the analysis on inflation costs, I proceed to illustrate the most significant
differences between the steady-state economy with 0% inflation and its counterpart with 10%,
both for the case with lump-sum transfers and unproductive government spending, since
there are some crucial differences between these two. For this purpose, Table 4 summarizes
the most important statistics for the two economies:

Table 4: Aggregate Welfare Costs of Inflation
| 7=0 m =01 m,=01

Real money balances 1.2787  0.2933 0.2893
Std. dev. money (DM) | 2.5240  1.7630 1.7902
Avg. price (DM) 0.2416  1.0281 1.0252
%(d = my) 0.7881  0.9117 0.9134
%(m = 0) 0.1147  0.0145 0.0296
q (DM) 0.7441  0.8586 0.8675
Std. dev. ¢ 1.3459  1.3068 1.3153
Welfare cost | 0 1.79% 3.19%

There are some interesting results worth noticing. First, the value of money decreases
sharply with inflation, as it is expected, thus real money balances go down. Along this line,
the price of the specialized good rises in the decentralized market. Second, the reduced
dispersion in money holdings in the decentralized market is due to the fact that higher
inflation makes it less convenient for households to carry large amounts of money into the
round of bilateral meetings, as inflation acts as a tax on those holdings. In the case of the
economy with lump-sum transfers, this dispersion is even less, implying distributive effects
from the rich to the poor. This, in turn, reduces the dispersion in the quantities traded,
since buyers and sellers are less unequal in terms of money holdings. Third, output in the
decentralized market increases by 16.23% when inflation increases from 0 to 10%. This result
can be explain by two different forces. On the one hand, the number of liquidity constrained
agents, i.e. agents that enter the round of decentralized trade with zero money holdings, is

reduced significantly in a high-inflation steady-state. Since money is essential for trading in
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the DM, liquidity constrained agents don’t consume at all in this sub-period. In this regard,
liquidity constrained agents represent almost 12% of the economy in a 0% steady-state,
whereas, this share reduces to 1.5% and 3% in an economy with 10% steady-state inflation,
for the case of lump-sum transfers and government spending, respectively. The fact that
the amount of liquidity constrained agents is lowest in the case of lump-sum transfers also
denotes the redistributive effects of such policy. On the other hand, the proportion of bilateral
meetings in which the buyers spend all their money in the trading opportunity out of the
total trade matches, increases from 74.41% in a 0% inflation steady-state to around 91%
in its 10% inflation steady-state counterpart. Interestingly, for low levels of inflation, an
increase in the rate of monetary expansion leads to a decrease in the dispersion of money
holdings and prices, and an increase in the average quantity traded in the decentralized
market. In particular, inflation as a tax on money holdings induce richer agents to reduce
their average holdings of money, which causes a redistribution of liquidity from the rich to the
poor. This, in turn, leads to a smaller dispersion in observed prices and in money holdings.
Since there are fewer very poor and very rich agents, the average quantity traded in this
sub-period increases. However, in equilibrium, a real balance effect also occurs. In this sense,
the fraction of money paid per unit of the good at each bilateral meeting increases, given that
agents are less willing to hold a high amount of money holdings, which leads to a decrease
in the real money balances and in the quantity traded. Figure 13 exhibits this result more
clearly. It can be seen that, for low levels of inflation, the average quantity traded in the
decentralized market increases. Yet, when the level of inflation becomes higher, the average
quantity traded in the decentralized market falls. The break-point level of inflation is around
4% for the benchmark economy.

The most important result of this exercise indicates that, on average, agents would be
wiling to give up 3.19% of their total consumption in order to move away from an economy
with 10% steady-state inflation, where money is injected to finance unproductive government
expenditures, into an economy with zero inflation. The corresponding cost for the case where
money is injected via lump-sum transfers is 1.79% of consumption. First of all, these numbers
are much higher than the one found in Lagos and Wright (2005) for the same bargaining

structure, suggesting that the heterogeneity in money holdings and persistent productivity
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Figure 13: Inflation - Output Relationship
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Note: The horizontal axis represents steady-states with different inflation levels, from 0% to 10%. The
vertical axis represents average consumption in the decentralized market, given by the output outcome of
each possible trade weighted by the corresponding density, F'(m.s). The blue line indicates the case with
lump-sum transfers. The red line indicates the case with government expenditures.

types play an important role in determining the costs of inflation. Secondly, there is a sharp
difference in the welfare cost of inflation between the two different policies analyzed. When
money injections are introduced to finance government expenditures, the costs of inflation
in terms of consumption equivalent units are higher than in the case of lump-sum transfer.
This is indicative of a strong redistributive effect of the latter policy, since these transfers
work as a subsidy for the poor and a tax on the rich.

In order to assess this issue in more depth, I conduct a second exercise in which I
disaggregate the total welfare costs by quintiles of the money holdings distribution. In this
sense, Figure 14 shows the welfare costs of inflation in terms of consumption equivalent units
by quintile of the money holdings distribution, for the two alternative policies. First, it is
interesting to notice that inflation costs are increasing in money holdings. This is due to
the fact that inflation deteriorates the two roles of money in this economy: as a transaction
vehicle and as an instrument for precautionary savings. On the one hand, since inflation acts
as a tax on money holdings, the opportunity cost of carrying money into the next round of
decentralized market meetings increases. On the other hand, the opportunity cost on savings
also goes up. This is particularly costly for more productive agents who, in the event of a

bad realization of their income shock, rely on savings to smooth consumption.
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Figure 14: Welfare Costs of Inflation by Quintile
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Note: Welfare costs of inflation are expressed as percentages in terms of consumption equivalent units. The
blue bars represent the case with government spending. The red bars represent the case with lump-sum
transfers.

However, high inflation sharply harms the role of money as a saving instrument and
distorts the consumption-savings decision of the agents. Even though more productive agents
increase their consumption, on average, in steady-states with a higher inflation rate, in line
with a higher velocity of money, the distortion created on their savings decision deteriorate
their welfare. As far as low productivity agents are concerned, in higher inflation regimes,
they find it relatively more costly to stock up money holdings for future liquidity shocks,
as they face higher prices. However, given the decreased desire of richer agents to carry
over large amount of money holdings, and the drop in the relative price of money to the
consumption good, steady-states with higher inflation exhibit a less dispersed distribution of
money holdings, which improves term-of-trade outcomes.

In this sense, Figure 15 exhibits these two effects. The plot on the left shows the average
consumption in the DM across money holdings for both steady-states with 0 and 10% inflation.
It can be seen that, for households with lower money holdings, a real-balance effect dominates,
for which higher prices in the DM implies less consumption in this sub-period. Yet, agents
with higher money holdings increase their consumption. This result can be explained by the
plot on the right of Figure 15. This shows the propensity to spend, i.e. the total money
payment made relative to the buyer’s money holdings, for each productivity state of the buyer,

in the two different steady-states. What is driving the increase in consumption for individuals
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at the right of the money holdings distribution is a distortion in their consumption-savings
decision. Since permanent inflation constantly erodes the savings capacity of the households,
the share of the buyer’s money holdings that is spent in every bilateral trade increases, which,
in turn, expands consumption. However, this distortion on the optimal savings decision for

high-productivity agents reduce their welfare, since they are more exposed to income shocks,

and thus, consumption volatility.

Figure 15: Consumption-Savings Distortion
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Note: Quantities consumed are averaged across all possible sellers. Propensity to consume refers to the total
money payment made relative to the buyer’s money holdings. The blue line represents the steady-state with
0% inflation. The red line represents the steady-state with 10% inflation.

In order to assess how important the savings distortion caused by persistent high inflation
on high productive agents -or equivalently high income agents- is, Figure 16 shows the
welfare costs of inflation, in terms of consumption equivalent units, across the money holdings
distribution for two different scenarios: one where agents face idiosyncratic income shocks
and another one where such shocks do not exist. It is evident from the figure that the welfare
costs increase sharply for wealthier agents when they face idiosyncratic income shocks. This
is explained by the fact that high and persistent inflation erodes the value of money holdings
as a saving vehicle in such a way that the amount of savings decrease drastically, leaving
high productive agents more exposed to income shocks.

Additionally, there is a sharp contrast in the distribution of the welfare cost of inflation
depending on how money is being injected into the economy. On the one hand, if the fiscal-

monetary authority increases the aggregate money supply in order to finance its expenditures,
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Figure 16: Consumption-Savings Distortion Across Distribution
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Note: Welfare costs of inflation are expressed in terms of consumption equivalent units. The blue line
represents the case with income shocks. The orange line represents the case without income shocks.

agents would have to increase their labor supply, in view of the additional demand for the
general good by the government. In particular, poor agents increase their labor supply more,
leading to a higher disutility. On the other hand, in the case of lamp-sum transfers, the
fiscal-monetary authority just hands over the new issuance of money to the agents. As such,
this policy has a strong redistributive effect since it acts as a tax on the rich and a subsidy to
the poor. This result is evident in Figure 14 where the welfare costs of inflation are negligible
for the lowest quintiles of the money holdings distribution when money injections are made
via lump-sum transfers, whereas, under the alternative policy, these costs are much higher.
In the above-presented model, two opposing dynamics come into play. Firstly, high inflation
leads to a more rapid erosion in the real value of portfolios for individuals holding larger
amounts of nominal assets. Consequently, the impact of the inflation tax is not uniformly
distributed across the population, especially in the presence of a non-degenerate distribution
of money. Given that, in such scenarios with high inflation, individuals typically hold only the
necessary amount of money for transactional purposes, the concentration in money holdings
plays a crucial role in determining which individuals bear a greater burden of the inflation
tax. However, this also erodes the possibility for agents to buffer against bad productivity
shocks. This higher vulnerability increases welfare costs of inflation, especially for high

productivity agents. On the flip side, higher inflation rates are linked to larger lump-sum
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transfers, when this is the mechanism that increases inflation in the economy, it can have
important distributive effects. All these features of the model underscore the significance of

considering distributional effects when assessing the costs associated with inflation.

7 Concluding Remarks

This paper emphasizes a stark feature of the U.S. economy: around 60% of the U.S. households
hold all their liquid financial wealth in the form of checking accounts, saving accounts and
pre-paid cards, and these instruments have paid a nominal interest rate on its deposits that
has been close to zero for the last twenty years. Surprisingly, the share of such a particular
type of households has been stable for the last twenty-five years, even when inflation rates
have been higher than usual, as it is the case of the post COVID-19 crisis and the current
global economic situation. This economic environment with high inflation rates poses a threat
to the large proportion of the U.S. households who do not bear any interest-bearing liquid
financial asset. In this paper, I study the long-run welfare costs of inflation for this particular
type of households. To do this, I develop a search-theoretic model of money where agents are
ex-ante heterogeneous in their productivity level, and money serves two roles: as a medium
of exchange and as an instrument for precautionary savings. Then, a consolidated fiscal and
monetary authority can use the aggregate supply of money to manage the public provision of
liquidity and the inflation rate. The model generates a nondegenerate distribution of money
in steady-state that matches the one observed in the data. This last point is crucial to assess
the unequal costs of inflation across the money holdings distribution. My results show that a
permanent increase in the rate of inflation ruins household’s ability to buffer against liquidity
and income shocks, distorting optimal savings-consumption decisions. In this sense, average
welfare costs of inflation are higher than in previous studies, where the precautionary savings
motive is absent. This result advocates for grater financial integration. Moreover, my results
show that inflation hits differently to agents across the distribution of money holdings, and
this crucially depends on how money is being injected into the economy. In this regard, if
lump-sum transfers are used, the poorest and more liquidity-constrained agents lose the least

-or even gain- warfare, as some resources get redistributed out of the wealthiest agents in the
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economy. Alternatively, if the fiscal-monetary authority uses the new issuance of money to
finance its expenditures, average welfare costs are much larger for the bottom quintiles of the
money holdings distribution. This indicates that the distributional effects of inflation cannot

be overlooked.
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Appendix

Updated regularly, please click here for the latest version of the online ap-

pendix

A Data Appendix

This section complements the evidence presented in Section 2 and show details on data

computations.

A.1 Data Sources

Data on households’ portfolios comes from the Survey of Consumer Finances (SCF), a
U.S. households survey sponsored by the Federal Reserve Board. The survey is a repeated
cross-sectional survey of U.S. families that collects information on household balance sheets,
income, and demographic characteristics. Post-1983 data of the SCF is available on the
website of the Board of Governors of the Federal Reserve System. In the modern version of
the survey around 6500 families are interviewed every three years with particular attention
to capturing top wealthy families. I keep the entire sample of households in the SCF without
any demographic or income restrictions.

Figure 17 shows the net worth chart as defined in the Survey of Consumer Finances.
Throughout the paper, definitions are taken consistently according to the ones in the SCF.
As so, transaction account is composed by the sum of money market accounts, checking
accounts, savings accounts, call accounts and prepaid cards. Similarly, total financial assets
are the sum of the entire transaction account plus certificate deposits, directly held pooled
investment funds, savings bonds, directly held bonds and directly held stocks. Notice that, in
this case, I am excluding cash value of whole life insurance, other managed assets, quasi-liquid

retirement accounts and other miscellaneous financial assets.
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Figure 17: Networth Flowchart

__ Money market accounts
[MMA]

Money mkt deposit
accounts [MMDA]
Money mkt pooled

___All types of transaction account (liquid
assets) [LIQ]

[— Certificates of deposit [CDS]

| Directly held pooled investment funds (exc.
money mkt funds) [NMMF]

— Savings bonds [SAVBND]

[— Directly held stocks [STOCKS]

Total financial

assets [FIN]
| Directly held bonds (excl. bond funds or
savings bonds) [BOND]

| Cash value of whole life insurance
[CASHLI]

— Other managed assets [OTHMA]

| Quasi-liquid retirement accounts
[RETQLIQ]

— Other misc. financial assets [OTHFIN]

Note: Total Financial Assets corresponds to a category inside Total Assets, which also includes Total

Non-Financial Assets.

investment funds
[MMMF]

| Checking accounts (excl.
money mkt) [CHECKING]

— Savings accounts [SAVING]
— Call accounts [CALL]

—Prepaid cards [PREPAID]

___ Stock mutual funds
[STMUTF]

| Tax-free bond mutual funds
[TEBMUTF]

| Govt. bond mutual funds
[GBMUTF]

| Other bond mutual funds
[OBMUTF]

| Combination mutual funds
[COMUTF]

—— Other mutual funds [OMUTF]

___Tax-exempt bonds
[NOTXBND]

Mortgage-backed bonds

| [MORTBND]

| US govt & govt agency bonds

& bills [GOVTBND]

| Corporate and foreign bonds
[OBND]

_|: Annuities [ANNUIT]
Trusts [TRUSTS]

Individual retirement
accounts/Keoghs [[RAKH]
Account-type pensions on
current job [THRIFT]

Future pensions [FUTPEN]

Currently received account-
type pensions [CURRPEN]

A.2 Additional Results on Households Portfolio

This section supports Section 2 with complementary insights about household’s portfolio

composition with data from SCF.

46



Transaction Motive

Figure 18 shows the share of households who only hold checking accounts and prepaid cards
by decile of transactions account according to the SCF in 2019. Although it is stated in
Section 2 that roughly 40% of U.S. households hold all their transaction account in the form
of checking deposits and prepaid cards, its distribution across the deciles of the transaction
account is not uniform. On the contrary, it can be seen that this proportion is much grater
for agents at the bottom of the distribution -more than 80% in the first decile hold all their
transactions account in the form of checking accounts and pre-paid cards-, whereas for the
top deciles, this number decreases sharply -less than 10% of households in the top decile hold
all their transactions account in the form of checking accounts and pre-paid cards-. Lastly,
the black line in Figure 18 exhibits the median income of each corresponding decile of the
transactions account, which also shows that higher-income individuals tend to hold other

accounts apart from checking and pre-paid cards.

Figure 18: Share of households who only hold checking accounts and prepaid cards by decile
of transactions account
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Note: Transactions account is composed by the sum of money market accounts, checking accounts, savings
accounts, call accounts and prepaid cards. The data come from the Survey of Consumer Finances and FRED,
Federal Reserve Bank of St. Louis

On the other hand, looking at the dollar-value composition inside the transactions account,
Figure 19 shows the contribution of the amount held in checking accounts and pre-paid cards

in the total transactions account. Again, although on average checking accounts and pre-paid

cards accounts for more than 60% of the dollar-value of the whole transactions account, this
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number varies across the distribution over the transactions account. While for agents at the
bottom of this distribution the contribution of checking accounts and pre-paid cards into
the transactions account goes as high as 90%), this number decreases sharply for agents at
the top of the distribution. However, it is worth noticing that for the median household
in the transactions account, the dollar value of their checking accounts plus prepaid cards
constitutes 60% of their transactions account’s total dollar value. Lastly, the black line in
Figure 19 exhibits the median income of each corresponding decile of the transactions account,
which also shows that higher-income individuals tend to hold a lower proportion of their

transactions account’s dollar value in the from of checking and pre-paid cards.

Figure 19: Dollar-value composition of checking accounts and prepaid cards over total
transactions account
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Note: Transactions account is composed by the sum of money market accounts, checking accounts, savings
accounts, call accounts and prepaid cards. The data come from the Survey of Consumer Finances and FRED,
Federal Reserve Bank of St. Louis

Savings Motive

Figure 20 shows the share of households who only hold checking accounts, savings accounts
and prepaid cards by decile of total financial assets according to the SCF in 2019. Interestingly,
on average, roughly 64% of U.S. households hold all their financial assets in the form of
checking deposits, savings deposits and prepaid cards, which have paid near zero interest rate
for, at least, the last fifteen years. Yet, its distribution across the deciles of the financial assets

is unequal. In this sense, it can be seen that this proportion is much grater for agents at the
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bottom of the distribution -almost 93% in the first decile hold all their financial assets in the
form of checking accounts, savings accounts and pre-paid cards-, whereas for the top deciles,
this number decreases -less than 7% of households in the top decile hold all their financial
assets in the form of checking accounts, savings accounts and pre-paid cards-. However, the
share of such households remain high for most of the deciles. For instance, in the median of
this distribution, almost 80% of the households belong to such a particular group. Lastly,
the black line in Figure 20 exhibits the median income of each corresponding decile of the
financial assets distribution. As previously shown, higher-income individuals tend to hold

other accounts apart from checking, savings and pre-paid cards.

Figure 20: Share of households who only hold checking accounts, savings accounts and prepaid
cards by decile of total financial assets
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Note: Total financial assets are the sum of the entire transaction account plus certificate deposits, directly
held pooled investment funds, savings bonds, directly held bonds and directly held stocks. The data come
from the Survey of Consumer Finances and FRED, Federal Reserve Bank of St. Louis

Comparing 2019 and 2022

The objective of the paper is to quantify the welfare losses of high and persistent inflation in
households that do not have liquid financial assets with a positive nominal return. In this
sense, it might be argued that in episodes of high inflation, households would optimally seek
shelter from the losses of real-money balances by shifting their portfolio to those financial
assets that offer a higher nominal return. In order to asses this claim empirically, this section

looks deeply into the Survey of Consumer Finances of the year 2019 and that of the year
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2022. What sets these two waves apart is precisely the fact that the level of inflation changed
drastically while the nominal interest rates paid among bank deposits remained virtually flat.
In fact, the average inflation for 2019 was 1.8% while that for 2022 was 8%. For the purpose
of the results of this paper, it is crucial to quantify the proportion of households that do
not possess any interest-bearing asset in their portfolios in both survey. When it comes to
aggregates, in 2019, the total proportion of households having only checking deposits, savings
deposits and prepaid cards in their liquid financial account was 64%. Surprisingly enough,
that proportion was 60% in the 2022 survey. Figure 21 shows the share of households that
only hold checking deposits, savings deposits and prepaid cards by decile of the financial
liquid account according to the SCF in 2019 and in 2022 respectively.

Figure 21: Share of households who only hold checking accounts, savings accounts and prepaid
cards by decile of total financial assets in 2019 and 2022

1.01 = 2019
2022

0.8 1

0.6

Proportion

0.4

0.2

0.0
~ % 3 > ) © ) 2 o K

Decile of Financial Asset

Note: Total financial assets are the sum of the entire transaction account plus certificate deposits, directly
held pooled investment funds, savings bonds, directly held bonds and directly held stocks. The data come
from the Survey of Consumer Finances and FRED, Federal Reserve Bank of St. Louis

As it is clear from the last graph, this shares did not change significantly for any decile
between the two waves of the survey, even though inflation was more than four times higher
in 2022 than in 2019. Alternatively, Figure 22 shows the contribution of the amount held in
checking deposits, savings deposits and prepaid cards as a share of the total financial liquid
account for 2019 and 2022. Again, the aggregate average did not change significantly between
these two samples: 77% for 2019 and 76% for 2022, respectively. Looking deeper into the

distribution across the liquid financial assets, for agents at the bottom of this distribution,
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the contribution of bank deposits and pre-paid cards into the liquid financial account goes
as high as 97% in both samples, this number decreases sharply for agents at the top of
the distribution. However, it is worth noticing that for the median household in the liquid
financial account, the dollar value of their bank deposits plus prepaid cards constitutes 90% of

their financial liquid account’s total dollar value. Notably, results are robust to both samples.

Figure 22: Dollar-value composition of bank deposits and prepaid cards over total financial
liquid account in 2019 and 2022
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Note: Total financial assets are the sum of the entire transaction account plus certificate deposits, directly
held pooled investment funds, savings bonds, directly held bonds and directly held stocks. The data come
from the Survey of Consumer Finances and FRED, Federal Reserve Bank of St. Louis

Finally, Table 5 and Table 6 display the share of households in each decile of the financial
assets distribution that holds exactly zero of a particular financial instrument inside this
account as for the 2019 and 2022 survey, respectively. The last row exhibits the percentage of
households inside each decile that hold exactly zero of all the financial instruments considered,
at the same time. That is to say, this is the share of households who own only checking
accounts, savings accounts, and pre-paid cards. As is clear from these tables, agents in lower
deciles hold virtually no other financial asset than checking accounts, savings accounts, and
pre-paid cards. It is surprising that even at the mean of the distribution, almost 80% of
households hold only these three accounts, and thus no other financial instrument. This fact

is key in assessing the welfare costs of inflation.
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Decile Financial Assets Acc. ‘ 1 2 3 4 5 6 7 8 9 10
Money Market Acc 098 0.96 095 095 094 0.89 086 0.77 0.67 0.55
Pooled Invest. Funds 1 1 099 099 0.99 098 0.97 0.88 0.82 0.46
Certificate Deposits 1 1 1099 098 0.95 0.92 0.89 0.82 0.71
Call Accounts 1 1 1 1099 099 099 099 0.97 0.91
Savings Bonds 1099 097 096 093 0.90 090 0.87 0.86 0.85
Bonds 1 1 1 1 1099 099 0.99 098 0.92
Stocks 0.99 0.99 098 097 0.93 089 0.84 0.80 0.66 0.43
% of HH with zero in all 098 0.95 0.89 0.86 0.79 0.67 0.57 0.42 0.22 0.06

Table 5: Share of HH with zero holdings of each financial instrument by financial assets

account decile in 2019.

Decile Financial Assets Acc. ‘ 1 2 3 4 5 6 7 8 9 10
Money Market Acc 098 096 095 095 091 087 085 0.74 0.73 0.59
Pooled Invest. Funds 1 0.99 0.99 098 0.99 096 0.93 0.88 0.72 0.39
Certificate Deposits 1 1 1099 097 098 094 0.84 0.81 0.83
Call Accounts 1 1 1 0.99 1 099 098 0.97 094 0.83
Savings Bonds 1 1 099 095 096 0.92 093 0.89 0.86 0.85
Bonds 1 1 1 1 1 1 1 0.99 099 0.91
Stocks 098 0.97 096 0.85 0.87 0.78 0.79 0.70 0.61 0.37
% of HH with zero in all 097 092 090 0.75 0.74 0.59 0.57 0.35 0.18 0.02

Table 6: Share of HH with zero holdings of each financial instrument by financial assets

account decile in 2022.
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B Solution Algorithm

The solution algorithm used here is based on solving iteratively for the agents’ decision rules,
the terms of trade in decentralized trading, the level of lump-sum transfers consistent with the

government balance, and the prices that clear the markets of bonds and money.

1. Discretize the state space M x § and X, so that F'(m, s),V(m,s; F),< Q,D > (my, ms, Sp, Ss)

and Wz, s; G) are defined over an infinite number of points.

2. Start with some initial guess for F(m,s), W(z,s;G) and < Q, D > (mp, ms, Sp, Ss)-

3 Start with some arbitrary prices ¢, and transfers ¢r or government expenditures, g, if any .

4. Solve for V(m,s; F) and W(x, s; G) by updating them sequentially until convergence. In this
step, we obtain policy functions m’ = g,,(z, s; G), h = gn(x, s; G) and ¢ = g.(x, s; G, ) in the
CM.

All functions are being parameterized using cubic splines.

5. Solve for G(m, s) using F(m,s) and < @, D >. The, using G(m, s), and policies m’ compute

F’(m,s). Update F' and G until convergence.

6. Verify if markets for money clears. If not, adjust prices and return to step 1. Repeat until

the market clears.

7. Check if the government budget constraint is satisfied. If not, go back to step 1. Repeat until

the government budget constraint is satisfied.

8. Finally update the terms of trade < @, D > using the value function W(z, s). Check if the

newly calculated terms of trade are close enough to their previous values. If not, return to
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Step 1. If so, it is done.

C The Benchmark Case

Let’s consider the case in which v = 0, i.e. there are quasi-linear preferences in the CM, as in Lagos
and Wright (2005). This will be useful as a benchmark frame for comparison purposes.

Let’s begin with the agent’s problem in the second sub-period (CM):

W(x,s;G) = max U(e,h) + BESV(m/,s';F’)

c,h,m
s.t.
¢+ pmm’ =y(s)h+ ¢z

Since we assume U(c, h) = Clog(c) — kh, then the problem stated above becomes

W(z,s;G) = max Clog(c) — kh + BESV(m/, o F’)

c,h,m
s.t.
¢+ dmm = y(s)h+

Using the constraint we can get rid of the decision on labor as follows

W(z; G, 0) = maxClog(c) — H(C + Smlm = x)) + BEV(m',s'; F')

c,m y(s)

The first order conditions read

C K
c): —=——
7 y(s)
! Hd)m /
. = E V 1\
Notice that in this particular case, we already obtain the optimal consumption: ¢* = cy/gs), for

each possible productivity state, s.
In order to move forward, we need to compute V;Z, (). Taking derivatives of V (-) with respect

to m we obtain
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OV 0 [ () + W ()1~ d ()]

a0 | = ¢ (Yap(m) + W )1+ d(m))]
+ (1 = 2a0)W'(")
In order to solve for this expression, we need the solution to the bilateral meeting problem and

W/() In this particular case of quasi-linear utility function in the centralized market, the latter is

straightforward to compute. Notice that we can rewrite the optimal problem in the CM as

W(z,s;G) = ,Zﬁ(?:)x + rcnerL)/( Clog(c) — HW + BEV(m',s'; F')
Therefore
/ _ 0 () . K®m
Wnl) = "am” = )

Up to this point, it is worth emphasizing three main distinctive characteristics of this very

special case: first, as it has been already noticed, optimal consumption is determined by ¢* = CyT(S)

)

for each possible productivity state, s; second, W (-) is linear in m, with slope given by Z?’;’;, third,
the policy function for m’ will not depend on m.

Taking advantage of these results we can now turn to the solution of the bilateral terms of trade.
The linearity of the value function in the CM with respect to money holdings allows us to simplify

the terms of trade problem in the following manner

max uw(q) + W(mp+ 71 —d, 5;G)
q7

subject to
KPm
y(ss)

d > v(q)

q=0

0<d<my
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G(m) =Tg(F(m),0)

Where the first constraint results from the fact that W(ms + 7+ d, s5; G) — W(ms + 7,55, G) =

RQm

y(ss)

d. Thus, the two optimality conditions are

Ug=TVgq

v(q)y(ss)
KPm

From these we obtain the solution to the bilateral meeting problem:

d=

q if my>d*
q(mb’ms) =
qg if mpy<d*

d* if my>d*
d(mp,mg) =
CZ if mp<d

1 v
Where ¢* = (Brv)T-v=7 and d* = %(By) 1-v=n are the solutions which correspond to the

case in which the constraint my; < d* is not binding. On the other hand, when this constraint binds,
1

we obtain d = my and § = [’;%zgfg)} ;_

The first striking fact to note from these results is that none of the optimal quantities, whether

goods or money, depend on the seller’s money holdings, ms. Notice, however, that they do depend
on the seller’s productivity level, s;.
In order to get a better understanding of how this solution looks like, let’s assume v = 1 and so

the cost of producing in the DM is linear, and also assume a fixed productivity level for the seller.

Figure 23 and Figure 24 show the optimal scheme of the terms of trade that results from the
solution of the bilateral meeting problem. It is clear that when the constraint m; < d* is binding
then the buyer spends all her money and receives an amount of the specialized good depending on
how much money the agent has. Hence, the optimal quantity is increasing on the buyers money
holdings when the constraint is binding. On the other hand, whenever the constraint is not binding,

then the agent spends d* and consumes a fixed amount ¢* which does not depend on the buyer’s
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Figure 24: Bilateral meeting solution: money

money holdings.
Now turn back to the problem of finding the derivative of the DM’s value function with respect

to money holdings. Going back to the previous equation for such derivative:

Wi eom) + ()1 = o))
+ aa[ — ¢ (Vg (m) + W' ()(1 + d,m(m))]

+ (1 = 2a0)W'(+)
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Which can be further simplified to

o = aod (m)[u/() ()] + ()

Using the previous results this last expression becomes:

v ’;‘é’;’; if my, > d*

% B K K lzv=nm K : *
Omy(s(fg/B [(y(iTBm) v —vBj+ y((% it my < d

Finally, the agent’s problem in the CM can be written as

—+ qul') + ma;X —qum m/ + ,BESV(m/) 8/; F/)
m

y(s)

Then the first order condition with respect to next-period money holdings reads

W(zx,s;G) = Clog(

Cyﬁ(s)) i

Cy(s)

y(s)

= BEV' /()

Therefore we can distinguish between two cases given the result obtained in the solution for the
terms of trade. First, when the agent is not constrained on money holdings in the DM, the first

order condition reads

Which gives
A+p) _ me yls)
s bmy(s')

On the other hand, when the agents is constrained with respect to money holdings in the DM,

the first order condition becomes

!
KPm

y(s')

l1—v—n

(1+ u)% = SEsao K om [(ymbm m') - I/B} + BE;

y(s) y(ss)vB Ly(ss) B

Which gives

I = U e M|

Thus, using the solution from the terms-of-trade problem and the value function in the CM in

V():
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(m, s —aa/{u )] + Wi[m — d(m), s|}dF (m)
+ao / —clq()] + Welm + d(), s|}dF ()

+ (1 — 2c0) Wy (m, s)
Using the fact that the terms-of-trade solution only depends on the buyer’s quantities of money

holdings and taking advantage of the expression found for W(-):

Vi(m. ) = {ulg(m)] — 2% d(m))
- K@m , - 3
+ao [ ~clatm)] + 1 dm)aF(m)
+ (1 - 2a0) [Clog( yls )) K( ( ) + ¢mz) + max—y?;; "+ BE Vi1 (m', s F)]
Thus
Vi(m, s) = ¥y(m,s) + (1 — 2a0) [Kgbmaj + max —y?:;m/ + BE Vi (m', s’ F')
where
(. 5) =ac{ufg(m)] — 2 dm)}
H(Zsm - -
+ao [ ~clatm)] + 7 dm)aF(m)

+ (1 —2a0) [Clog( yls )) Cy(s)

By repeated substitution we have

"Q(l + M)¢j+1mj+1]}

Vi(m, s) = Wy(m, s)+(1— 2040)“%19‘""2 max{— ALt 10 mst y(s')

E.[U. . !
<y y(s) +BEs| J+1(mj+178>+

Therefore, the first order condition with respect to m’ is:

—k(1+ p)dr

(1 + M)¢t+1]
y(s)

(m) : + BE[Wy (m, ) + ey =0

’ . I K¢;1 ’
Where ¥, (m/,s') = ac [uqq (m') — y(s;)d (m')|.
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However, notice that W, ,(m’) = 0 if m’ > m* since ¢ (m/) = 0 and d (m) = 0. Hence,
¢t < Bosr1 implies that the problem of choosing m’ has no solution, since the objective function is
increasing for all m’ > m*. This means that any equilibrium must satisfy ¢; > B8¢;,1. Therefore,
the minimum inflation rate consistent with equilibrium is ¢;/¢;+1 = (3, which is the Friedman rule.
On the other hand, given ¢; > B¢;41, for all ¢, the objective function is non-increasing in m’ for any
m’ > m*. The slope of the objective function as m’ — m* from below is proportional to —¢; + B¢ 1,
so unless ¢y = S¢y11 this slope is strictly negative , and therefore any solution must satisfy m’ < m*.
In this case, we have that ¥, = ao [u” (gt1)(q41)? + ' (gi+1)s41 |- If we can conclude that the
latter expression is negative, then there is a unique choice of m’, which would imply that F},; has
to be degenerate at M, foe any given level of productivity, s. Assuming this is true, the first order

condition evaluated at m’ = Mj is % + ,BES[\I/;H(MS, s') + %] =0, or

a0 o Kb (s
)y(SS)(qut—l-l(Ms) y( /) d (Ms)) + y(S;)

K(1+p s
Inserting ¢, = c(q)y(ss)/kd(-) and ¢/(M) = k¢y/y(ss)c (q;) from the bargaining solution we

BE; [ br1| = bt

obtain:

A0 Ny B Kb ey Y(8s) cde)y
e e O U vy Bl A KA S Ry By

which is a difference equation in q.

C.1 Model with only money

The left panel in Figure 25 shows the optimal policy functions for this benchmark case. As we
already anticipated, the results show that every agent in this economy chooses the same optimal
amount of money holdings, and so its distribution is degenerate and has a mass point at one.
Accordingly, consumption in the CM is constant, i.e. independent of cash on hand, and agents
satisfy their budget constraint adjusting their labor supply.

The right panel in Figure 25 depicts the stationary distributions for money holdings both in the
DM and CM. As we argued before, this distribution is degenerate in the DM. As for the CM, it
depends solely on, first, the fraction of agents who engage in trading, and secondly, the relative

proportion of buyers and sellers. For instance, for this particular case, as every agent engages in

60



26w Cansumgtion 104 —
—— Labar —_—G

= Morey Holdings
24
08
22

. z
. \ g, \
14 \ N |

aa 05

Optimal Policies

10 15 20 25 oo ns5 10 15 0 25
Money Holdings Money Holdings

Figure 25: Optimal Policies and Stationary Distributions - Benchmark Case

trade, there is a proportion (1 — a) = 05 of agents who do not engage on trading so they move
on into the CM with the same amount of money holdings they began the current period. For the
remaining proportion of the agents, it is assumed that a half of them are buyers and the rest, sellers.
For this reason, there are two mass points in zero and two, meaning that whenever two agents trade,
the buyers are spending all their money holdings.

To end this section, I compute the welfare cost of 10% inflation for this benchmark case. The
annual rate of time preference is r = 0.04. The value of o can be normalized to 1, since results
depend only on the product of ao, as shown before. As for o, I simply fix it at 0.5, which means
that every agent always has an opportunity to either be seller or buyer in each meeting. Following
Lagos and Wright (2005), the measure of the cost of inflation asks how much agents would be willing
to give up in terms of total consumption to have inflation zero instead of t. Then, agents would give
up 1 — Ag percent of consumption to have zero rather than ¢. I here, I also consider how much they
would give up to have t', the Friedman rule, rather than ¢. The rest of the parameters, (n,C,0),

are taken from Lagos and Wright (2005) in order to match their results.

In Table 7, column 1 presents results for (n,C,0) = (.16,1.97,1). To focus on one number, I find
that going from 10 percent to 0 percent inflation is worth 1.4 percent of consumption. In column
2, I change the set of parameters to (n,C,6) = (.39,1.78,1) and obtain that the cost of inflation
in terms of consumption is 1.1 percent. The welfare losses are greater if I compare a steady state
economy with 10 percent inflation to its analogous with the Friedman rule, which is the optimal

level of inflation in this setting. Table 8 reports similar experiments fitting the model to a shorter
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Table 7: Inflation Costs - Annual Model (1900-2000)

=1 =1
c=05 o0=05
a=1 a=1

r=0.04 r=0.04

n=0.16 n=20.39

C=197 C=1.78
0 0.2055 0.5225
0) 0.6179 0.8208
no1 1
1-4A, 0.0144 0.0115
1-Ay 0.0162 0.0127

q(
q(
q(

Table 8: Inflation Costs - Annual Model (1959-2000)

=1 =1
c=05 o¢=05
a=1 a=1

r=0.04 r=0.04

n =027 n=0.48

C=319 C=211
1) 0.3916 0.5901
0) 0.7518 0.8517
Hoo 1
1—-Ap 0.0084 0.0071
1-A; 0.0095 0.0079

q(
q(
q(

sample, 1959-2000. All this results are in line with those in Lagos and Wright (2005).

C.2 The role of Frisch Elasticity

Since one of the main departures from Lagos and Wright (2005) comes from the different Frisch
elasticities in the centralized market, it is useful to assess the role of said parameter in the
corresponding policies and distributions.

Firstly, I am going to abstract from the ex-ante heterogeneity in agent’s productivities, so as to
make a clean comparison with the literature. The following table summarizes the results from this
exercise:

In here, the steady-state with v = 0 represents the benchmark case as in Lagos and Wright
(2005). As expected, the total amount of hours worked decreases when « goes up. This, in turn,

pushes output down in the CM so that the price of this good becomes more expensive, making the
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Table 9: Steady State with different Frisch elasticities
vy 0 0.1 0.5 1

Price of Money 0.6229 0.8900 0.7930 0.7490

Hours Worked 1.9736 1.8669 1.5862 1.4173

Total Output 2.5929 2.7569 2.4695 2.2940
Output DM 0.6228 0.8935 0.8826 0.8771
Output CM 1.9700 1.8635 1.5870 1.4169

Std. dev. money DM  0.0000 0.1048 0.3404 0.3768
Std. dev. money CM 0.9147 0.8881 0.9134 0.8893

Avrg DM price 1.6054 1.0785 1.0720 1.0336
Std. dev. DM price  0.0000 0.0578 0.0914 0.0967

Velocity 3.1627 3.0967 2.8824 2.7956
Velocity DM 1.0000 0.9760 0.9252 0.9057
Real Money balances 0.6229 0.8900 0.7930 0.7340
1—Ag 0.0188 0.0243 0.0332 0.0295

price of money to go down.

Regarding the decentralized market, it is interesting to notice that there are some major changes
as well. First, total output in this sub-period also goes down, although in a much smaller relative
quantity. Furthermore, the standard deviation of money holdings increases directly with -, which
means that a larger v creates more heterogeneity in the labor decision during the centralized market.
As a result, agents differ more in their optimal policy functions of labor and money holdings.

Another interesting feature to notice is that the velocity of money in the decentralized market
goes down as 7y increases. Defined as P * Y/M, the velocity being equal to one in the benchmark
case indicates that in every bilateral meeting the buyer is spending all their money. However, as the
velocity decreases with v, we can conclude that at least in some bilateral meetings, buyers do not
deplete their money holdings, and as a consequence, the dispersion in money holdings increases as
well for this reason. Moreover, this result confirms that the terms of trade in the DM depend both
on the seller and buyer’s money holdings.

Last but not least, the cost of inflation seem to increase as -y increases in a considerable amount.

Therefore, the role of the Frisch elasticity is definitely something to take into account.
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