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Abstract

We study optimal monetary and fiscal policy in a standard random matching model
of pairwise trade. In particular, we extend the Lagos-Wright model and solve the
Ramsey problem of finding the production subsidies, sales taxes and seignorage that
maximize welfare subject to a balanced budget constraint. We find that there are
multiple combinations of taxes, subsidies and —sometimes strictly positive- inflation
rates that achieve the optimal allocation. The Friedman rule alone is not enough to
restore efficiency. Moreover, active fiscal policy can completely eliminate the welfare
costs of inflation. Finally, we study costly implementation of fiscal policy. We find
that active fiscal policy is optimal even when implementation costs are as high as
the total sales tax revenue. In such a case, subsidies are paid with an inflation tax

while still achieving the socially optimal level of output.
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1 Introduction

The contribution of this paper is to perform a quantitative study of optimal monetary

and fiscal policy in models with micro foundations for the existence of and desire to hold



monetary balances. There is a large body of literature devoted to the study of optimal
monetary and fiscal policy in frameworks that are not explicit about the frictions that
give raise to the existence of fiat money. Chari, Christiano and Kehoe (1996) provide a
complete analysis of optimal policies in models characterized by perfect competition, and
that abstract from agent heterogeneity. Their main finding is that in such models the
Friedman rule is optimal. The reason behind this result is that money is an intermediate
good and thus it should not be taxed, as initially suggested by Diamond and Mirlees
(1971). In models with heterogeneous agents and perfect competition, da Costa and
Werning (2003) have shown that, under certain conditions, the Friedman rule is still
optimal. On the other hand, Schmitt-Grohe and Uribe (2004) illustrate that the Friedman
rule is not optimal in environments with imperfect competition, particularly if profit taxes
are bounded away from 100%, or if taxes are relatively hard to adjust over time. In this
environment the positive inflation rate is used as a tax on profits as to help minimize the
distortion of imperfect competition. An important shortcoming of this applied literature
is that it is built on models with ad hoc constructs that rationalize the positive value
of fiat money. Hence, it is impossible to determine whether the frictions that make fiat
money socially beneficial, and valuable, are likely to affect the nature of optimal fiscal
and monetary policy.

Since Kiyotaki and Wright (1991) the fundamental building blocks in the literature
exploring the microeconomic foundations of money consist of trading risk and pairwise
trade. These frictions, and in particular the nature of the price determination system in
pairwise trades, have been shown to have non trivial qualitative and quantitative impli-
cations for the design of optimal monetary policy, and for the welfare costs of inflation.
The first paper to clearly illustrate the latter connection is Lagos and Wright (2005),
who developed a search theoretic model of monetary exchange that is also analytically
tractable and easily quantifiable. These authors show that, when monetary policy is the
only tool available to the government, the unique optimal policy is the Friedman rule.
Moreover, the welfare costs of inflation are large. In particular, a calibrated version of
their model illustrates that the gain to reducing inflation from 10% to 0% is worth up to
5% of consumption. The Friedman rule is optimal in such a framework for two different
reasons. The first is that in monetary exchanges agents pay a cost today (production)
to receive a future benefit (money that can be used to purchase goods in future trades).
The Friedman rule serves to eliminate the inefficiency created by such a lag. Notice that

this channel is also present in applied models with ad hoc assumptions giving value to fiat



money. The second reason for the optimality of the Friedman rule resides in the frictions
that make money valuable. In particular, if prices in pairwise trades are determined in a
Nash bargaining game then an inefficiency is created. A person who holds cash is making
an investment as she has to give up current consumption for future consumption. Then,
any difference in the bargaining power of any of the trading partners results in asym-
metric splits of the match surplus. Nash bargaining leads potential buyers to hold too
little cash. The Friedman rule gives money a positive return, which may counteract this
effect. Berentsen and Rocheteau (2003) have shown that in Nash or Kalai-Smorodinsky
bargaining the Friedman rule is generally not enough to achieve efficiency. If the terms of
trade are determined by an Egalitarian solution, however, then the first best production
level can be achieved. Under any of these three different bargaining settings, nevertheless,
the welfare costs of inflation have been found to be higher than in models that do not
explicitly model the frictions that make fiat money valuable.

As pointed out by Kocherlakota (2005), existing monetary policy analysis in models
with microeconomic foundations for the existence of fiat money are incomplete because
they have ignored the role of virtually all tax instruments beyond the inflation tax.!
Moreover, it is not clear whether the high costs of inflation found by Lagos and Wright
(2005), or the optimality of the Friedman rule, will be robust once the government has
access to different fiscal instruments to cure the bargaining inefficiencies present in these
settings.

In this paper, we expand the model of Lagos and Wright (2005) to be able to analyze
the interactions of fiscal and monetary policy. In particular, we introduce sales taxes and
production subsidies in the decentralized market. It is well known that in models with
bilateral exchange, where prices are determined in a bilateral bargaining game, output
tends to be less than what would prevail in a frictionless environment, as initially sug-
gested by Trejos and Wright (1993). The introduction of production subsidies is therefore
a natural tool to fix such “underproduction”. Production subsidies have been suggested
by Trejos and Wright (1993) and Kocherlakota (2005) as a potential way of solving the

“underproduction” problem inherent in some models with micro foundations for the exis-

LA noted exception is Waller (2006), which studies optimal fiscal and monetary policy in a dynamic
version of Mirrlee’s model where frictions give rise to money as a medium of exchange. In Waller’s
framework, since preference shocks are private information, in a record-keeping economy without money,
the planner’s allocation trades off efficient risk sharing against production efficiency in the search market
and average consumption when old. For a government to replicate this outcome in a monetary economy
without record-keeping, distortionary taxation of money balances is needed.



tence of money.? In our framework, we also allow the government to print money in order
to finance part of the production subsidy. Hence, we open the possibility of a trade-off
between two distortions, inflation and consumption taxes. Finally, we solve for the Ram-
sey problem in which a government must maintain a balanced budget and chooses the
inflation tax and sales tax rates as well as production subsidies as to maximize welfare.
Under the same calibration of Lagos and Wright (2005), we find that there are multiple
combinations of welfare maximizing taxes, subsidies and (sometimes strictly positive) in-
flation rates. More importantly, the combination of fiscal and monetary policy allows for
the efficient level of production to be achieved, even when the terms of trade in pairwise
trade are given by a generalized Nash bargaining setup. Our findings confirm the con-
jecture of Kocherlakota (2005) and Wright (2005) that fiscal and monetary policies may
have important interactions, particularly in frameworks with micro foundations for the
existence of fiat money, and should always be jointly considered in the design of optimal

government policy.

2 The model

The basic framework of this paper is the model proposed by Lagos and Wright (2005). We
consider two major departures: first, we introduce production subsidies and sales taxes in
the decentralized market; and; second, we evaluate the role of a government that chooses
the value of taxes, production subsidies, and the inflation tax so as to maximize welfare
subject to a balanced budget constraint. We consider this as a first step towards our
better understanding of the interactions between monetary and fiscal policies in economic
environments with micro foundations for fiat money. This approach is also useful because
it permits a direct qualitative and quantitative comparison against well established results

in the literature.

2.1 The economic environment

The economy has a continuum of agents who live forever. The representative agent of
this economy derives utility from consumption and disutility from labor. Each period is

divided in two subperiods labeled day and night. Consumption and production take place

2Trejos and Wright (1995) propose redistribution of direct resources as well as price controls in order
to reestablish efficiency.



in both, day and night. Preferences over streams of consumption and labor during the
day, denoted by x and h respectively, and during the night, denoted by X and H, are
represented by:

[ee)

Zﬁt[u(%) —h + U (X)) — Hy.

t=0
where the utility functions u(.) and U(.) are twice continuously differentiable, increasing
and strictly concave. Also, we consider preferences such that «(0) = 0, and assume there is
a @ such that u(q) = %q. The latter two are simple conditions that simplify our theoretical
analysis.

All consumption goods in this economy are nonstorable. During the day agents in-
teract, trade and produce in a decentralized market where the only feasible trade is the
exchange of goods for money. Moreover, « is the probability of a meeting in the decentral-
ized market. The day good comes in many varieties and each agent produces a good that
she does not consume. Total output of the day good generated by agent ¢ is equal to the
time she devotes to its production. We further assume that double coincidence of wants
is impossible, and that, given two agents, ¢ and j, the probability that agent ¢ consumes
what agent j produces (a single coincidence) is . Symmetrically, the probability that
J consumes what ¢ produces is equal to o. The probability that neither wants what the
other produces is 1 — 20.3

During the night subperiod agents trade a general good that everyone can produce
and wants to consume in a centralized Walrasian market. Since goods are non-storable
the day goods cannot be carried to the night sub-period. Hence, the only feasible trade
during the night involves general goods and money.

Money is also available to the agents in this economy, it is perfectly divisible, and stor-
able in any quantity m> 0. Let m be the money holdings of the agent being considered
before trading in the day market, and m the holdings of her partner in a given match.
Terms of trade are endogenously determined in a bargaining game and are given by: 1)
a production level, g;(m,m), and 2) a monetary payment, D;(m,m), that the producer
receives in exchange for her output. Producers also receive a production subsidy equal to
s(q(m,m))Dy(m,m) units of money; where the subsidy function s(.) is positive, continu-

ous, bounded below by 0 and above by 1, differentiable, and increasing in q. The buyer of

3To better understand the meaning of these probabilities consider an environment where each indi-
vidual agent has N different random meetings during the day. Clearly, the number of agents, goods, and
meetings (N) can be chosen such that the probability that each individual agent meets someone to trade
goods for money once in any of her N meetings is o.



the ¢ units of output pays a total of (1 4 73,) D;(m, m) units of money due to a sales tax,
at rate 73, imposed by the government*. The subsidy function and the sales tax are taken
as given in this bargaining problem but the reader should keep in mind that the terms
of trade functions D;(m,m) and g(m,m) will change whenever the sales tax rate or the
subsidy function do.

The government must have a balanced budget at each subperiod. Revenue during
the day subperiod is obtained from sales taxes and seigniorage. The only government
expenditure is the production subsidy. Money printing after pairwise trades serves the
purpose of paying for the portion of the subsidy not covered by tax revenues. Hence,

money growth between the beginning and the end of the day, market must satisfy:

M; + [s(qi(m,m)) — 1) D(m,m)
M;

=147, (1)

We denote by F(m) the measure of agents entering the day market with money hold-
ings between 0 and m, and by W (m) the value function for an agent that enters the night,
centralized, market with m units of money. Hence, the value function of the representative

agent at the beginning of the day market is given by:

Vi(m) = aa/ {ulg(m,m)]|+W[m — (1 + 7,)D(m,m)|} dFy(m)+ (2)
+ao / (=i, m) + W, [m + (1 + s(q(i, m))) D (i, m)]} dF (i) +

+ (1 — 2a0)W (m).

In turn, the problem of the representative agent when she enters the night centralized
market can be summarized by:
Wt(mt) = XI[glaX {U(X) —H -+ ﬁ‘/;+1(mt+1 + T)} (3)
S, 1

sit. X = H + ¢e(my — meyr);

where ¢, is the value of money balances at the centralized market. Finally, notice that the

monetary authority can provide lump-sum monetary transfers, denoted by 17" = 7,,, M?,

4In order to implement the subsidy we can think of sellers receiving a receipt after trade has occurred.
The sellers would take these receipts, before they get to the centralized market, and the government
would transfer money to them accordingly.



after all trades in the centralized market of the night subperiod have concluded.

2.2 Analysis of the model

The purpose of this section is to characterize and derive the main equilibrium properties
of this model. The first important property of the model is that the value function of the
centralized market during the night subperiod is linear in m, with slope ¢. This can be
easily shown by solving for H in the constraint of equation (3) and substituting its value

into the objective function. In particular, one obtains the following expression:

Wi(my) = X%’fl{U(X) = X+ ¢ (me — muga) + BVia (e + 1)} (4)

As in Lagos and Wright (2005), the linearity of the value function associated to trading
in the centralized market keeps the model tractable. In particular, it implies that all agents
choose m;,; independently of the money balances, m;, with which they entered into the
market.

A full characterization of the representative agent’s problem can now be given. The
state space of this optimization problem is given by current money holdings m;, by a
subsidy function s(.), and a constant sales tax rate 7,. The representative agent also takes
as given a sequence of distribution functions for money holdings across different agents,
{F (m)}, a sequence of lump sum monetary transfers given by the money authority, {7},
and the sequence of prices in the centralized market {1/¢;} . Given linearity, and after
substituting equation (2) in the value function defined by equation (4), we can rewrite

the problem of the representative agent as follows:

Wi(my) = max {U(X) — X + (Bét11 — ¢¢)miesa ) (5)

mey1,X

+aof3 / {u(q(myp1+T,m)) — Gry1 D(myr +1, M) (1 + 7,) } dFy 1 (M) +

—i—ozaﬁ/ {—q(m, My 1 +T) + g D(m, my+T) (1 + s(q(m, mt+1+T))) } dF, 1 (m)

To keep the analysis tractable, we just consider bargaining settings where the terms
of trade depend only on real money balances (and not on actual money holdings), and to
stationary equilibria. In a stationary equilibrium prices grow at a constant rate, 7, and

the distribution of real money balances is constant over time. Moreover, taxes, inflation



and subsidy rates yield allocations that are consistent with a balanced government budget.

A formal definition of stationary equilibria is given by:

Definition 1 A stationary monetary equilibrium is a distribution function F, a subsidy
function s°1(q), a sales tax rate 7,7, a sequence of money and prices that grow at a time
invariant rate m = (14 Tp,) (1 4+ 70ny,) , @ positive consumption level in the Walrasian
market, X¢? > 0, and a positive production level and payment in the decentralized market,
q°? and D1, that solve (5) taking the subsidy function and the sales tazx rate as given.
Moreover, the government balanced budget constraint is satisfied, and the money market
clears, namely

[s°(q®?) — 7,9] D*! = max{0, 752 M*} (6)

(1A+4ir)t R +17r)t /mdF ((1 fﬁ)t) '

The government constraint (6) implies that negative inflation rates are implemented

via lump-sum transfers, as is typical in the literature. The implicit subsidy of a negative
inflation rate need not be financed with sales tax revenues.

Following the literature we now assume that in single coincidence meetings the terms
of trade are given by the generalized Nash solution in which the buyer has bargaining
power 0>0 and threat points are given by the continuation value W;(m). Hence, given a

set of taxes and subsidies, (¢, D) are the solution to the following problem:

max {u(q) + Wlm — D(1+ )] - W [m]}’ {—q + W+ D1+ s(q))] — W [m]}'? (7)
st. (1+7,) D <m 8)

Wi(m) <u(q) +W[m— D(1+m)] )

)

W(m) < —q+Wmn + D(1+s(q))], (10

where (9) and (10) denote the participation constraints.

The linearity of W (.) simplifies the above bargaining problem to the following;:

max {u(q) = 6D(1 + 1)} {~q + oD (1+ s(¢)}"" (11)

q,D

st. (1+m)D <m, (12)



and the participation constraints simplify to:

ulg) — 21 +7) > (13)
—q+z(1+s(q)) > 0. (14)

After multiplying both sides of the constraint (12) by ¢, it is clear that the above
maximization problem depends only on real monetary balances, z = ¢ym;. Note that
a tax on buyers, together with a transfer to sellers, can affect the redistribution of the
match surplus.

If we let d < @D, the solution to the generalized Nash bargaining problem (11) is
given by the following result:

Proposition 2 Given the subsidy function s(q) and a tax rate T, the interior solution to

the generalized Nash bargaining problem (11) is given by

z ; z *
d(z,2) = {1+Tb e <2

*x g Z *
e g 2

] if = < 2*
q(,g,g) — { (‘i f1+sz
q Zf 1+Tb Z Z*

where ¢* and z* are the solutions to the following nonlinear system

0{—¢"+2"(1+5(¢")} 1 +m) = (1= 0){ulg") = 2" (1 +7)} (1 +5(¢")), (16)

and § is given by the solution to the nonlinear equation

o{ -+ o (s @ = 1= 0) a0 =) (1- -5 ) . D

Ty 1+’7’b8_q

Moreover, the solutions to the bargaining problem are bounded.

Proof. Observe that (15) and (16) are the first order conditions of (11), ignoring the

constraint >~ > d. Thus, 2%, ¢" are the solutions to (11) when 5 =~ > z". Moreover, if

while ¢ is given by the

£ < z* the constraint —=— > d binds. In such a case d = —=

147 1+7 1+7,°
first order condition of (11) with respect to ¢, i.e. (17). It follows that functions d and ¢



yield the interior solutions to (11). To prove that functions d and ¢ are bounded it is useful
to consider the participation constraints of the bargaining game. Given a current value
for the real money holdings of any given agent, each participant of the bargaining problem
(11) has a reservation utility of z = ¢m. Hence, the following participation inequalities

must be satisfied by any incentive feasible solution to the bargaining game:

u(g) —z2(1+mn) = (18)
—q+ z(1+s(q)) > 0. (19)

These inequalities imply that z = 0 iff ¢ = 0. The previous two incentive compatibility
: 147
constraints reduce to u(q) > 5 ey
that u(q) is strictly less than ¢ and strictly decreasing for all ¢ > g. Given that s(g) is
bounded by 1 and that 0 < 7, < 1 it follows that u(q) <3¢ < 1]::;22)97 for all ¢ > ¢, which
violates the incentive compatibility constraint u(q) > 1?;2;)(1. Given that ¢ is bounded by

g then z = %‘2’ bounds the values of z that are compatible with (18). m

¢, which paired with the strict concavity of u imply

A key property of the solution of this bargaining game is that the terms of trade do
not depend on the real money holdings of the seller. As in Lagos and Wright (2005),
this property comes from the fact that quasi-linearity eliminates wealth effects on the
demand for money and, as our following result illustrates, transforms the problem of the

representative consumer into a much simpler one.

Corollary 3 Under the conditions of Proposition 2, the problem of the representative

consumer can be written as follows:

{U(X%—X

(14 )
g

Wi (m;) = max +(1—

2\ X

>z'} oo {u(g(#)) —d()(1 +7,)} . (20)

The problem of the representative agent can be written as above, where real money
holdings are chosen and ¢ is determined in the bargaining game. Proposition 4 below im-
poses an additional interiority assumption, which makes it possible to think of the problem
of the representative agent as that of choosing ¢q. This characterization of the representa-
tive agent’s problem will be useful later on in establishing existence of equilibrium with a

degenerate distribution of money holdings.

Proposition 4 Consider any given subsidy function s(q), sales tax rate T,, and a sequence

of prices that grows at rate (1 + 7). If the solutions to the bargaining problem are interior,

10



T Jfrb > d binds and an optimal solution to the production level of the

representative agent,

then the constraint

i = argma ((1 - 1;”) 2(q) + a0 {ulg) - z(q)}) , (21)

always exists.

Proof. It can be shown that the buyer’s surplus, the term u(g(z")) —d(2")(1 + 7,) in the
representative agent’s problem (20), decreases as z approaches z* from the left; i.e., %<O

for all ¢ near ¢*. This property then implies that the solution to the representative agent’s
. = d is always binding, d (#') = 1 “— and

q is given by the solution to equation (17). Hence, the representative agent’s problem

problem satisfies z’<z*. Thus, the constraint

is equivalent to choosing ¢ knowing that 2’ must solve (17). Existence of a solution to
the maximization problem (21) follows directly from the definition of d(z) in an interior
solution, and from the fact that the previous maximization problem involves continuous
functions over a compact space.

Proposition 4 explicitly shows the trade-off of holding real balances and consuming.
In particular, if a seller could turn the proceeds from her production into immediate
consumption, as in a static or frictionless model, then she would produce until marginal
utility equals marginal cost, which in our model is given by the condition v (¢)= 1. In
a monetary exchange economy, however, the proceeds from production consist of cash
that can only be spent in the future. Since she discounts the future, a seller is willing
to produce less than the amount that satisfies u (¢)= 1 as is observed in the standard
Lagos and Wright (2005). The fact that in this paper we consider fiscal policies that
may redistribute resources between buyers and sellers may make the efficient allocation
possible.

The main result of this section establishes existence for a monetary equilibrium for
a commonly used class of utility functions, and the subsidy function s(q)=A <1 — ﬁ)
We have chosen this subsidy function because it makes it easy to verify the conditions
of our theorems. Intuitively, all of what matters is that the subsidy function increases
at a decreasing rate, to avoid breaking the concavity of the bargaining problem. As our
quantitative experiments illustrate later on, the main conditions of the theorem are easy

to verify in numerical experiments.

Theorem 5 Let u(q) :(‘“b)ll_f"n*bm with n and b strictly positive, s(q)=A (1 - 1—;) 1=

11



HTWS 0, and 0 < s(q) < 1 for all q. Also, assume that acu(q) — (oo + HT” —1)z(q) is
strictly concave and that the solutions to the bargaining problem are interior. Then, for
any small enough b > 0 and any given T,,,, T, and A there exists a money growth rate
Tm, that yields a stationary monetary equilibrium where the distribution of real money

balances is degenerate.

Proof. Notice first that optimization problem in the centralized market is independent of
the level of taxes in the decentralized market, and that, under our assumptions on U(.), a
solution always exists. Regarding the decentralized market, and given a set of taxes and
subsidies, a solution to the representative agent’s problem always exists, as Proposition
4 illustrates. Moreover, our concavity assumption together with the Maximum Theorem
imply that this solution must vary continuously with A, 7, 7,,,, and 7,,,,. We denote this
solution by function q (A, Ty, Ty, , T, ) - Strict concavity implies that, for a given set of
taxes, all agents choose the same production and real money balances, which delivers a

degenerate distribution for real money balances. Consider now the government budget

constraint:
z8 25 1
T——I'_TmZS:—A 11— —— lme 20
“20+7n) ™ T 2(1+n) ( 1—|—q) !
25 25 1
T = A(1—-—— otherwise
“D0+7) 2(1+m) ( 1—|—q)

where z° denotes the real value of the money supply. Also note that the above inequalities
are consistent with a positive inflation rate during the day and a negative one not financed
by sales taxes, respectively. As previously discussed, every agent chooses to arrive to the
day market with the same stock of money. Therefore, buyers and the sellers split the total
money supply in half. Our task now is to determine whether there exists a 7,,,, given
arbitrary values for 7,,,, 7, and A, that is consistent with stationary equilibrium. Start at
the balanced budget constraint of the government above and solve for 7,,, to define the

following function:

pR— 1 ——
A (1 1+q(A77'b77'm1 7Tm2) > i O

G (T, ) = max{ 20T ) ,

1.

Proposition 2 established that ¢¢ € [0, g]. Thus for each 7,,,, the government may possibly

choose there will be an optimal level of output q (A, 74, Tin, , Tim, ) and a continuous function

12



G(Tm,) € 10, Algg) . It follows that if one only considers values for 7,,, in the
1 2(1+7) 1

domain of G then Brower’s fixed point theorem establishes the existence of 774 : G(759) =
7. Therefore, for the given values for 7,,,,7, and A there is a money growth parameter
7,4 that satisfies the balanced budget constraint. If we let ¢* = ¢ (A, Ty Trnh s Tm2) then
the last detail we have to show is that ¢°? > 0. To do so we solve z(q) explicitly and find,
after some algebra, that the limit of the objective (21) as ¢ converges from the right to
0 converges to infinity as b — 0. Then, for any small enough b > 0, ¢° > 0. Hence, we
have found a stationary monetary equilibrium with positive inflation rates. A symmetric
argument can be easily constructed to proof existence of equilibria for negative inflation
rates. In such a case the inflation rate can be taken as given, and one can establish the
existence of a subsidy rate (or a tax rate) consistent with stationary equilibria. m

To conclude this section we establish a positive relation between the production of the

unconstrained bargaining problem and the subsidy rate in the decentralized market.

Proposition 6 Let a sales tax 7, be given and let s(q) > 0, s'(¢) > 0 for all ¢ and
0 < 0 < 1. Then, the unconstrained solution for the level of output in the Nash bargaining

problem, q*, is larger than the one that emerges under s(q) = 0.

Proof. Notice that equations (15) and (16) imply

I 1—¢m*s'(¢")
A7) A s )+ n) (22)

Then, if s(q) = 0 then ¢’_, satisfies v/(¢}_,) = 1+ 7. If s(¢) > 0, s'(¢) > 0 then the right
hand side of (22) is strictly less than (14 7,). Given that u/(q) is decreasing in ¢, the
solutions to (15) and (16) must have ¢* > (1 +7,). =

This proposition highlights that when subsidies are present it is possible to overpro-
duce. Since it is well known that in models with bilateral exchange, where prices are
determined in a bilateral bargaining game, output tends to be less than what would pre-
vail in a frictionless environment, this proposition opens the possibility that a combination
of fiscal and monetary policies could fix such “underproduction” problem. By introducing
production subsidies and sales taxes, we allow for the possibility that the outcome of the
Nash bargaining can directly affect the extensive margin, the quantity traded in a match,

so that production efficiency is possible even when the bargaining is non monotonic. This

13



is in line with Rocheteau and Waller’s (2005) results that highlight how alternative bar-
gaining solutions affect the extensive margin of trading and that deviations from the

Friedman rule may be optimal over a wide range of parameter values.

3 Optimal Fiscal and Monetary Policy

In this section we consider the Ramsey approach to optimal taxation by finding solutions
to the problem of choosing optimal taxes and transfers given that only distortionary tax
instruments are available. In other words, we consider optimal fiscal and monetary policies
with commitment by choosing taxes, transfers and monetary instruments as to maximize
social welfare. Implicitly we are contemplating an environment in which the government
sets an inflation and fiscal plan that will not change over time. As a result, lags in fiscal
policies are not considered in this paper since we abstract from the process that makes
the design of fiscal policy lengthier than the monetary one. Moreover, as our analysis
focuses on the comparison of different long-run stationary equilibria temporary delays in

fiscal policy will have no impact on the figures we report.

Proposition 7 The optimal (Ramsey) taxes and transfers for this economy are given by
a set of vectors of the form (fl,%b,%ml,%m) that solve the following constrained maxi-

mization problem:

max u(q) — 23
A (9) —q (23)
st. (L4 7)) (L+75,) =0 [aaZ,EZ; + (1 — o) (24)

(s(9) —m)
EEa )

(1 + 7my) (T4 7)) > B, (26)

Ty = max{

Proof. The objective function of the maximization problem (23) is to achieve the socially
optimal level of production taking as constraints, 1) The first order condition of the
representative agent’s problem (24), 2) The government budget constraint (25), and 3) a
necessary condition for existence of a monetary equilibrium (26). =

The objective of the government is then to design a combination of fiscal and monetary

policies such that the efficient allocation is reached. As we can see from equation (17), the

14



efficient allocation for this economy, q., satisfies u/(¢.) = 1. A straightforward Corollary

of Theorem 5 is the following

Corollary 8 If an efficient solution to the Ramsey problem exists then it can be achieved
by a continuum of values of money growth rates, Ty, , Tm,, Sales taxes, T, and production

subsidies, A.

A very important implication of Corollary 8 is that the Friedman rule may not be the
only optimal policy rule available to this economy that can yield efficiency. In particular,
observe that we allow for lump-sum monetary taxes-transfers after the night period. Thus,
a feasible government policy consists of printing money during the day to pay for produc-
tion subsidies and then reversing the implied growth in the money supply via lump sum
money taxes after the night market up to the Friedman rule. However, such a policy is at
most as good as a policy where efficiency is reached at positive inflation rates. Finally, we
would like to mention that although we have abstracted from inflation smoothing across
subperiods Corollary 8 suggests that such policy is not superior to other policies that

achieve efficiency.

3.1 Quantitative analysis

This section illustrates some of the quantitative and qualitative properties of the solution
to the Ramsey problem. In particular, we show that different operating procedures for
monetary and fiscal policy are possible. That is, there are different mixes of fiscal and
monetary policies that achieve the efficient allocation. Such policies may involve strictly
positive inflation rates.

For ease of comparison with existing results in the literature, we parameterize the
model as in Lagos and Wright (2005), Table 1, column 4. Thus, we set

(g+b)" " b
1—n

u(q) =

Y

with b arbitrarily close to zero, which yields an efficient level of output ¢ = 1. For
the centralized market the utility we consider U(X) = Blog(X) so that output in the
centralized market equals B. The annual rate of time preference is set at =0.04. We can

normalize a to 1 as only the product o matters in the model. Finally, we set o ~0.5,
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0=0.343, n=0.39 and B=1.78. This calibration is such that the model with taxes and
subsidies set at zero provides the best fit of the model to the annual "money demand"
data of the United States. In this calibration a period is interpreted as one year (over

which the day and the night markets occur). Notice that the standard velocity equation
MV = PY,

where M is the money demand, P is the price level and Y is output, can be easily mapped
into the variables of this model. First of all, the price level corresponds to the prices of
goods in a centralized market, é Real output Y in units of the centralized market equals

B + 0¢M, and real money balances equal ¢z(q), which equal ¢M in equilibrium. Hence,

_ B+ 0z(q)
2(q)

Finally, notice that equation (21) can be used to determine ¢, and therefore V, as a

v

function of the nominal interest rate HT” — 1. The latter can be used then to derive the
money demand implied by the model. The interest rate data employed in this exercise
is the annual commercial paper rate while M is measured by M1. The sample period
considered was 1900-2000. Further details can be found in Lagos and Wright (2005).

In Table 1 below we present two different cases (out of the continuum) of fiscal and
monetary policies that solve the Ramsey problem with the resulting inflation, subsidy
and sales tax rates, as well as the optimal output level for the day market. These two
experiments assume that money printing is only used to pay for production subsidies and
reports the optimal rate of inflation, subsidies and tax rates that are compatible with an
efficient level of production. Table 1 also shows, in its last row, the Lagos-Wright (2005)
experiment where fiscal policy is not allowed and where the Friedman rule is the unique

optimal policy.

Different Policies s s(q%)smp q
High Inflation during the day | 10% | 34.4%, 26.5%
Friedman rule during the day | —3.8% | 4.8%,4.8% 1

Friedman Rule

with no Fiscal Policy -3.8% 0%, 0% 0.6

(Lagos-Wright benchmark)
Table 1: Different taxes, subsidies and inflation rates achieve the efficient allocation.
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Monetary policy alone cannot.

As we can see from Table 1, if we allow fiscal policy to be active, the Friedman rule
is one of the possible policy options that the government has to attain efficiency. As
pointed out by Berentsen and Rocheteau (2003) the different reservation values in out-of-
equilibrium matches are the reason why in the Lagos and Wright (2005) economy is not
able to achieve efficiency under the Friedman rule since a buyer who brings an additional
unit of money into a match cannot extract the whole surplus that this unit provides to
the match, lowering the marginal value of money. In our set up once sales taxes and
production subsidies are introduced this is not the case anymore.

Finally, the output costs of abstracting from optimal fiscal policy are significant, output
during the pairwise trade period falls by 40% relative to first best, which can be attained
with a combination of monetary and fiscal policies.

As in Bhattacharya, Haslag, and Martin (2005) our paper emphasizes the basic in-
tertemporal inefficiency underlying the Friedman rule which ignores distributional effects.
As opposed to Bhattacharya, Haslag, and Martin’s work the source of our heterogeneity
is ex post due to asymmetric fiscal policies between buyers and sellers. Through taxes
and subsidies redistributions are possible. To illustrate this point better let’s suppose
a society is inflating faster than the Friedman rule. If it lowers the growth rate of the
money supply, there are two effects. All agents are made better off because the monetary
inefficiency is reduced. However, there is a transfer of wealth from agents who hold little
money to those who hold more. This effect may make those with little money worse off.
If we allow transfers, then society can undo the latter effect and therefore make all agents
better off. Without transfers, society cannot undo the latter effect, and the Friedman rule
is not necessarily Pareto optimal. In our current framework, we exploit the same mech-
anism but use fiscal and monetary policies to implement those transfers while reducing

the intertemporal inefficiency.

3.2 The Welfare costs of inflation

Assessing the welfare costs of inflation requires a sound understanding of the benefits of
monetary exchange. Recently, Craig and Rocheteau (2006) have shown that the estimates
for the welfare cost of inflation provided by the basic version of the search model of Lagos

and Wright coincide with those provided by the Bailey method whenever money holders
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can appropriate the marginal social return of their real balances. This condition is satisfied
when buyers have all the bargaining power to set prices in bilateral trades, or when pricing
is competitive. If this condition does not hold, then the welfare cost of inflation is larger
than what traditional estimates predict. This discrepancy arises because of a rent-sharing
externality associated with noncompetitive pricing mechanisms. In Craig and Rocheteau’s
(2006) fiscal policy analysis was ignored. Here, we try to fill this gap.

Within the same spirit, we now recast the classical analysis of the welfare costs of
inflation in a setting where the existence and need for money is based on micro foundations
and fiscal policies are considered. Following Lucas (2000), we report in Table 2 the
percentage of consumption that an agent living in an economy where the optimal fiscal
and monetary policy is followed will be willing to give up in order to avoid going to an
economy where the inflation rate varies as in the different rows of Table 2, while fiscal
policies are held fixed. Given that a multiplicity of solutions to the Ramsey problem exist,
we consider the welfare costs of inflation departing from three different optimal policies
(columns two through four in Table 2). To compare with the results of the previous
literature, we also reproduce the welfare costs of inflation in the Lagos and Wright (2005)

case, where fiscal policy is not considered.

Welf. loss Welf. loss Welf. loss Welf. loss
T From 7=7% From 7=3% From 7=-3.8% From 7=-3.8%

A =0.55T1,=0.22 A=0.377,=0.16 A=0.1,7,=0.05 No fiscal P.
-2% - - 0.5% 1.2%
0% - - 1.6% 2.5%
4% - 0.1% 3.9% 4.6%
6% - 0.9% 4.9% 5.5%
8% 0.1% 2.0% 5.8% 6.2%
10% 0.7% 3.1% 6.5% 6.8%
12% 1.7% 4.2% 7.2% 7.3%
14% 2.7% 5.2% 7. 7% 7.8%

Table 2: The Welfare costs of inflation, in terms of percentage consumption, departing

from different base line fiscal and monetary policies.

Table 2 shows that the welfare costs of inflation of our benchmark economy, where

the optimal policies are able to achieve efficiency, can be quite large. These results are in
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line with Rocheteau and Waller (2005) that show that monotonic bargaining solutions are
associated with lower welfare costs of inflation near the Friedman rule than non-monotonic
bargaining solutions. However, the costs are very similar for inflation rates sufficiently far
away from it.

The results of Table 2 can also imply that inflation costs may be high but only when
fiscal policy is not simultaneously ajusted. In particular, inflation in the first column
of Table 2 is more than ten percentage points higher than the Friedman rule and yet
efficiency is attained. Thus, if an economy switched from a -3.8% inflation rate to 7%
inflation and fiscal policy was also adjusted inflation costs would be exactly zero.

In summary, our findings suggest that ignoring active fiscal policies can be quite costly.
Thus knowing the empirical “money demand” curve is not enough: one really needs to
understand the micro foundations, and especially how the terms of trade are determined
and affected by policy actions, in order to correctly estimate the welfare cost of inflation.
Moreover, note that as we increase the inflation rate we keep moving away from efficiency,
thus welfare costs tend to increase quite dramatically after a certain inflation threshold is
reached. This finding is in line with the empirical findings of Bullard and Keating (1995)

of the nonlinear relationship between inflation and output.

3.3 Costly Fiscal Implementation

One fundamental task of the Economic science consists in determining the fiscal and
monetary policies that maximize welfare given a set of government constraints. Sometimes
the optimal policy is costly to implement. Then, it becomes crucial to measure the welfare
costs associated to deviations from such optimal policy. If the costs of implementing the
optimal policy are larger than the welfare losses associated to the use of a simple policy
rule then the government should choose the simple policy. In this paper we ask ourselves
the question if fiscal policy, instead of monetary policy or along side, should be used to
correct the inefficiency in the extensive margin found in the Lagos and Wright model. In
the previous section we have shown that fiscal and monetary policies can induce efficient
outcomes. But in order to correctly answer to this question one has to consider how well
fiscal policy can be implemented.

In the previous section we have implicitly assumed that implementation of fiscal policy
is costless. But taxes are likely to be costly to collect, because the exchange occurs in

separated matches, thus requiring record-keeping. One way to model the cost of imple-
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menting fiscal policy is to assume that the fiscal authority must spend a given amount
of monetary resources for record-keeping. We explicitly model this cost assuming to be
proportional to the money holdings agent have. This implementation cost can be viewed
as resulting from a positive and constant marginal monetary cost equal to g. Then the

corresponding government budget constraint is then given by:

S+g9g—Tp
Ty = 2017) (27)
Implementation of fiscal policy in this framework requires transfers of fiat money rather
than goods. Hence, lags in fiscal policy are not present in this paper.
Our following experiment determines the maximum cost that makes the agents indif-
ferent between having only monetary policy and having active fiscal and monetary policy.
In particular, we consider different values for the subsidy parameter A and the maximum

max “such that the optimal tax rate is below confiscation levels

costs of implementation, ¢
(say 90%) and such that, in equilibrium, the level of output in the decentralized market
is equal to an economy with no fiscal policy that follows the Friedman rule. For the
examples we report in Section 3.2, we find that ¢™** = 1. Table 3 reports the different

levels of inflation and subsidy rates that are consistent with this new equilibrium.

s =20.6%,A=055|s=139%A=037| s=37% A=0.1

™ 33% 32% 29%
Table 3: Optimal taxes, inflation and subsidy rates for g™**

As we can see from Table 3, since the per-unit implementation cost that yields the
output of the Friedman rule without fiscal policy is 100%, the costs of ignoring fiscal
policy even when it is costly to implement are huge. In other words, for any g lower than
100% having fiscal policy results in higher welfare than just considering the Friedman

rule.

4 Conclusions

The double coincidence problem is at the heart of modern monetary theory and, since
bilateral meetings and random matching provide a natural framework to study double
coincidence problems, random matching models have become widespread in the literature

exploring the microeconomic foundations of money. Price determination is no longer
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Walrasian in such type of models. Moreover, the nature of the pricing mechanism has
been found to have important implications for the design of monetary policy, and for
welfare analysis. However, relatively little is known about the properties and interactions
of optimal fiscal and monetary policy in random matching models.

In this paper we have delved into the foundations of optimal monetary and fiscal pol-
icy in a framework where the frictions that make money valuable are explicitly modeled.
In particular, we followed the Ramsey approach and derived the optimal sales tax rate,
production subsidy, and monetary injections for a standard search theoretic model of
monetary exchange. Our analysis indicates that the Friedman rule is not a necessary fu-
ture of optimal policy in monetary economies. The economic intuition behind this result
works as follows: The basic inefficiency associated to the existence of money is that an
agent that holds money is making a sacrifice today in order to obtain a future benefit. A
further inefficiency is typically added in models with microfoundations for the existence
of money as different pricing mechanisms in bilateral trades give rise to asymmetric splits
of the surplus of the match. These two inefficiencies translate into production and money
holdings that are typically lower than efficiency considerations would dictate. However,
when the government has access to monetary and fiscal instruments it can undo the inef-
ficiencies inherent to monetary exchanges directly. A combination of fiscal and monetary
tools can restore economic efficiency even with positive inflation. An important corollary
of this result is that the high costs of inflation found in models with microfoundations for
the existence of money vanish once the government is capable of responding with different
fiscal tools.

In a second stage of our analysis we explored the implications of costly fiscal policy
implementation. Since bilateral meetings and monetary exchanges in random matching
models take place in decentralized markets, monetary and fiscal policies may be costly to
implement. Some type of monitoring or record-keeping may be necessary to achieve the
optimal policy rules. As a first approximation to the study of the costly implementation
problem we assumed that implementation costs can be paid in cash. We found that fiscal
policy may be desirable even when the per-unit monetary costs of implementation are as
high as the taxes or subsidies to be implemented.

Our findings confirm the conjecture of Kocherlakota (2005) and Wright (2005) that
fiscal and monetary policies have important interactions, particularly in frameworks with
micro foundations for the existence of fiat money, thus they should always be jointly

considered in the design of optimal government policy.
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