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Abstract

This paper analyzes the effect of monetary policy in economies with financial market
imperfections. This analysis is carried on in a heterogeneous agents framework in which
infinitely lived agents face credit constraints and can partially self-insure against income
risks by using both financial assets and real balances.

First, we show that credit constraints yield a new theoretical channel through which
monetary policy affects the real economy, because of the heterogeneity in money demand.
Secondly, we quantify this new channel and we show that inflation has a sizeable positive
impact on output and consumption in economies which closely match the wealth distribution
of the United States. Thirdly, the average welfare cost of inflation turns out to be similar
across complete and incomplete market economies. But wealth-rich and wealth-poor agents
are unevenly affected by monetary policy, the latter one benefiting from inflation.
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1 Introduction

The traditional insight in the textbook monetary literature is that inflation has no real effect
in the long run with perfect capital markets, dynastic households and lump-sum taxes, and
exogenous labor supply (Lucas, 2000). In contrast to this theoretical well-known result, a large

amount of empirical work shows that some low inflation leads to an increase in savings (Loayza,
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et al., 2000), output (Bullard and Keating, 1995) or capital stock (Kahn et al. 2001). And it has
become common practice for the central banks to target a positive long run inflation rate which
ranges between 1 percent and 3 percent (Bernanke and Mishkin, 1997). In order to reconcile
this gap between traditional monetary theory and the empirical evidence, recent research has
challenged some assumptions under which the monetary superneutrality (or inflation neutrality)
result holds. The potential long-run real effects of monetary policy has been assessed when infla-
tion induces redistribution of the seigniorage rents across households (Grandmont and Younes,
1973, and Kehoe et al., 1992) or across generations (Weiss 1980 ; Weil, 1991), or if distorting
taxes are affected by inflation (Phelps, 1973 and Chari et al., 1996 among others) and eventually
if inflation induces some distortions on labor supply .

This paper exhibits a new channel of the non-neutrality of inflation transiting through cap-
ital market imperfections. If households can use both fiat money and capital as partial private
insurance designs against individual income risks, they can substitute money for financial assets
when inflation increases and affects the return on real balances. Yet if asset market imperfections
are such that some households are borrowing constrained, then these households can not under-
take such a substitution and they will adjust in a different proportion their amount of money
compared to unconstrained households. Thus credit constraints induce a heterogeneity in the
demand for real balances and capital following a change in the inflation rate. This endogenous
heterogeneity in policy rules is at the core of the non-neutrality of money. Since the tightness
of credit constraints is a well-established empirical fact (Jappelli 1990, Budria Rodriguez et al.,
2002), this channel is likely to have a sizeable quantitative impact on the real economy and on
the welfare of households.

To investigate this channel, we model capital market imperfections in a production economy
following the approach of Aiyagari (1994). Heterogeneous agents receive idiosyncratic income
shocks. They can accumulate interest-bearing financial assets in the form of capital to partially
insure against income risks but they face a borrowing constraint. We embed in this framework
money in the utility function. Money is praised both for its liquidity service and as a store of
value which provides an additional insurance device against labor market risks.

We first provide theoretical evidence that inflation affects aggregate real variables in this
incomplete markets framework when borrowing constraints are binding. Inflation gives rise to
a heterogeneous substitution effects between interest-bearing assets and real balances across
unconstrained households and constrained ones, providing a real channel for monetary policy.
The new point is that this real effect is only due to the presence of credit constraints. It shows
up even when we shut down the previous traditional real channel of inflation transiting through
distorting redistribution of the seigniorage rent, through distorting capital taxes, or through

distortion of the labor supply. Moreover, individuals are completely ex-ante identical in our



set-up. The heterogeneity in money demand emerges as an endogenous outcome of the presence
of borrowing constraints. Thus our non-neutrality result does not hinge on ad-hoc assumptions
about heterogeneity in preferences.

Second we undertake a quantitative evaluation of the impact of borrowing constraints on the
real effect of inflation by calibrating the model on the United States. For that purpose we use
a fully-fledged quantitative model with endogenous labor supply and endogenous proportional
taxes. Since our channel crucially depends on credit constraints, a key element of our investi-
gation is to study an economy in which the wealth distribution and the fraction of borrowing
constrained households closely resembles that of the United States. We then use this set-up to
assess the quantitative importance of the role played by credit constraints in the real effect of
inflation by running a comparison with corresponding complete market economies.

One of our main result is that credit constraints have a quantitatively sizeable effect. First,
we show that borrowing constraints alone can account for a 0.08 percent increase in output
following a one point rise in inflation. This result is obtained when we shut down all the
traditional channels through which inflation is expected to have a long-run real effect. Namely
this framework abstract form potential redistributive effect of the seigniorage rent, the potential
distortion on capital tax and the adjustment of labor supply by assuming exogenous hours.
Note that in this set-up, inflation would have no long-run real effect on output if the markets
were to be complete. Then we show that credit constraints amplifies the real effect of inflation
which have been quantified so far through the channels of distorting capital taxes or distorting
alteration of labor supply. Regarding distorting taxes on capital first, it has long been recognized
that the seigniorage rent could alleviate taxes on capital and induce higher capital accumulation.
Yet, this so-called Phelps effect (Phelps, 1973; Chari et al. 1996) is quantitatively much more
significant in an incomplete market set-up since the presence of borrowing constraint gives rise
to precautionary savings motives. A one point rise in the inflation rate triggers an increase
in aggregate output by 0.213 percent in the incomplete market set-up against 0.104 in the
representative agent economy. Regarding the distorting effect of inflation on labor supply, we
show that it matters quantitatively much more in an incomplete market environment. The
reason for that is that inflation triggers a much higher level of precautionary saving in presence
of borrowing constraints, which leads in turn to a rise in labor productivity and the opportunity
to work. By taking into account of the adjustment of labor supply, a one point increase in
the inflation rate leads to a 0.44 percent rise in output, which is three times as high as in the
corresponding complete markets economy.

Third, we reassess the welfare effect of inflation when credit constraints are taken into ac-
count. It first turns out that the average welfare costs of inflation are of the same order under

incomplete markets and complete markets. This result holds for similar steady-state compar-



isons and whatever the assumption about the adjustment of taxes and hours. The key reason
for this result is that the sharper increase in output and consumption in the incomplete market
framework is offset by an even more pronounced reduction in aggregate real balances compared
to the complete market framework. For standard parameterization of the utility function, the
positive utility effect of higher consumption is cancelled out by the negative utility effect of lower
real balances.

Eventually, we show that inflation has strong welfare redistributive effects which have been
ignored so far in the representative agent literature. It turns out that the wealth-poor gain from
inflation while the wealth-rich are negatively affected by inflation. This result is mainly due to
a general equilibrium price effect. Inflation leads to higher labor productivity and wages at the
general equilibrium due to higher steady-state capital. This effect benefits to the wealth-poor
whose income is mainly made up of labor income. In contrast the return on financial assets
decreases at the general equilibrium, which negatively affects the wealth rich.

Related literature

There are surprisingly few papers analyzing monetary policy with infinitely lived heteroge-
nous agents facing financial credit constraints. To the best of our knowledge, our paper is the
first one to provide theoretical and quantitative evidence on the real effect of inflation stemming
from credit constraints in a production economy (see also for a theoretical investigation Ragot,
2005).

Some initial papers have studied monetary policy in endowment economy with credit con-
straints following the seminal articles of Bewley (1980, 1983). But as Bewley’s goal was mainly
to provide some foundations for the theory of money, this asset was considered as the only store
of value. As a consequence, the heterogeneity in money demand and its induced real effect
explained above cannot be found in this type of model, since households are not allowed to
substitute money for other assets. In the same way, Kehoe, Levine and Woodford (1992) and
Imrohoroglu (1992) study the welfare effect of inflation in such endowment economies, but they
only measure the redistributive effect of inflation and not its real effect on production.

More recently Erosa and Ventura (2002) analyzed the distributional impact of inflation in an
incomplete markets economy but in which credit constraints do not bind in equilibrium. They
find that the fraction of wealth held in liquid assets decreases with income and wealth, which is
empirically relevant. Yet we prove that this result can be obtained as an endogenous outcome
of credit constraints without any specific assumptions about the transaction technology as they
did.

Akyol (2004) analyzes the welfare effect of inflation in an incomplete market set-up where
credit constraints are binding in equilibrium, but in an endowment economy. Contrary to

previous Bewley type models, he takes into account of the possibility to substitute money for



other assets. But, this article assumes specific money demand implying that only the high income
agents hold money in equilibrium. Furthermore, the analysis is carried on in an endowment
economy rather than a production one, excluding any analysis of the long-run real effect of
inflation on capital accumulation.

The analysis proceeds as follows. Section 2 first provides a simple model with deterministic
individual shock to show analytically the non-neutrality of money transiting only through credit
constraints. Section 3 lays out the full model with stochastic individual shocks. Section 4

quantifies the real effect of inflation and its implied welfare gains.

2 A Simple Model

2.1 The model

Although our aim is a quantitative evaluation of the effect of inflation, we first lay out a sim-
plified version of our general model to discuss the main channels through which inflation affects
aggregate outcomes. For that purpose, we use a Bewley-style model in which infinitely lived
agents face individual income risks and credit constraints. But we make the key assumption that
households alternate deterministically between the different labor market states. This liquidity
constrained model has been used, for instance, by Woodford (1990) to study the effect of public
debt and by Kehoe and Levine (2001) to characterize the equilibrium interest rate.

We extend this framework to monetary policy issues by taking into account of the valuation
of money in the utility function. We show analytically that the Sidrauski’s neutrality result no
longer holds when credit constraints are binding in this framework. Inflation affects the long
run interest rate, even when the new money is distributed proportionally to money holdings.

Each household can be in two states H or L. In state H (resp. L), households have a high
labor endowment e (resp. e”). For the sake of simplicity let us assume that e = 1 and el = 0.
Households alternate deterministically between state H and L at each period. At initial date,
there is a unit mass of two types of households. Type 1 households are in state H at date 1, type
2 households are in state L at date 1. As a consequence, type 1 (resp.. 2) households are in state
H (resp. L) every odd period and in state L (resp. H) every even period. All households seek
to maximize an infinitely horizon utility function over consumption ¢’ and real money balances
m? which provide liquidity services. The period utility function u of a type i = 1,2 households

is assumed to have the simple form
u (cf;,mf;) = ¢lnci 4 (1 — ¢)Inm!

where 1 > ¢ > 0 scales the marginal utility of consumption and money. For the sake of simplicity

we use a log-linear utility function in this section but the results hold for very general utility



functions as shown in Ragot (2005).

At each period t > 1, type ¢ household can use her revenue for three different purposes. She
can first buy an amount ¢ of final goods. We denote P; denotes the price of the final good in
period t, and I,y is the gross inflation rate between period ¢t and period ¢t + 1, that is ;11 =
Py11/P;. She also saves an amount af; 41 of financial titles yielding a return of (1+7e41) aé 41 in
period ¢t + 1, where 1 + 711 is the gross real interest rate between period ¢ and period ¢ + 1.
A borrowing constraint is introduced in its simplest form, and we assume that households can
not borrow, ai > 0. Finally, type i household buys a nominal quantity of money M;, which
corresponds to a level of real balances mi = M;j/P;. It yields a revenue m}/Il;;; in period
t 4+ 1. In addition to labor income and to the return on her assets, each household receives by
helicopter drops a monetary transfer from the State, denoted pi in nominal terms. Let denote

The problem of the type ¢ household, ¢ = 1,2, is given by

o
~ max Zﬁtu (c%,m%) with0 < <1 (1)
{Civmivai+1}t:1..oo t=1
i i i i mi—l i, M . T
st. cg+mi+aj = (1+7“t)at+T+wt€t+_ with  af,ci,my >0 (2)
t t

where 3 stands for the discount factor,.a} and M¢ = Pym{, are given, and a} and mt.are subject
to the standard transversality conditions.

The production function of the representative firm has a simple Cobb-Douglas form K*L!~
where L stands for total labor supply and K is the amount of total capital which fully depreciates
in production. Profit maximization is given by maxg, r, F' (K¢, Lt) — (1 + r¢) Ky —w¢ Ly and yields

the standard first order conditions
14+r=aKd 'L wy = (1 —a) KPLIT® (3)

In period ¢ > 1, the financial market equilibrium is given by K;11 = aj,q + a7;. The
labor market equilibrium reads L; = e} + € = 1. The goods market equilibrium implies
F (K¢, L) = Kyy1 +cf +c3.

Finally, let denote M; the nominal quantity of money in circulation and ¥; = M;/P; the real
quantity of money in circulation at the end of period ¢. The money market equilibrium implies
mi +m? = % in real terms and M} + M? = M; in nominal terms.

Monetary authorities provide a new nominal quantity of money in period ¢, which is pro-
portional to the nominal quantity of money in circulation at the end of period t — 1. As a
consequence, pij + p7 = wM;_1 where the initial nominal quantity of money, My = Mg + Mg is

given. The law of motion of the nominal quantity of money is thus

Mt = (]. + 7'[') Mt—l (4.)



In order to focus on the specific role of borrowing constraint on the non-neutrality of inflation,
it is assumed that monetary authorities follow the “most” neutral rule, which is to distribute
by lump sum transfer the exact amount of resources paid by private agents due to the inflation
tax. As a consequence, the new money is distributed proportionally to the level of beginning-of-
period money balances. In period ¢, type ¢ agents have a beginning of period quantity of money
M} . Hence, we assume that ui = 7M; |, and the real transfer reads

M ®)
B 1L

Given initial conditions ai, a2, M{}, and M2, and given 7, an equilibrium of this economy is
a sequence {c%, c%,m%, mtg, a% 1 af 1> Py, W¢ H=1...00 Which satisfies the problem of households
(1), the first order condition of the problem of the firms (3), and the different market equilibria.
More precisely, I focus on symmetric stationary equilibria!, where all real variables are constant,
and where all agents in each state H and L, which will be denoted H and L households, have
the same consumption and savings levels. The variables describing agents in state H will be
denoted m™, ¢ o, and agents in state L will be described by m%, ¢ a”. As a consequence,
as the real quantity of money in circulation ¥ = M; /P, is constant in a stationary equilibrium,

equality (4) implies that the price of the final goods grow at a rate 7, and hence Il = 1 + 7.

2.2 Stationary Equilibrium

With the budget constraint (2), and the amount u/P; given by (5), one finds that the budget

constraints of H and L households are given respectively by

Hiemf ol = Q4+r)a +ml 4w (6)
rmtral = Q+r)d +mf (7)

Note that the inflation rate does not show up in these equations since the creation of new
money does not introduce any transfer between the two types of households.

Using standard dynamic programming arguments, the problem of the households can be
solved easily. This is done in appendix A.

For H households, one finds the following optimal conditions

u'c(cH,mH) = B(l—i—r)u’c(cL,mL) (8)
u'c(cH,mH)—u'm(cH,mH) = %u'c(cL,mL) (9)

'In liquidity constraint models, the path of the economy converges toward a steady state, or even begins at a
steady state if a period 1 transfer is made to households consistently with steady state values (Kehoe and Levine,

2001)



The first equation is the Euler equation for H households, who can smooth their utility thanks
to positive savings. Indeed, H households are the high income households and are never credit
constrained. The second equality is the arbitrage equation, which determines the demand for
real money balances. H households equalize the marginal cost of holding money in the current
period, (i.e. the left hand side of equation 9), to the marginal gain of transferring one unit of
money to the following period when they are in state L, (i.e. the right hand side of equation 9).
The marginal utility of money shows up here as a decrease in the opportunity cost of holding
money. And the gain from money holdings takes into account of the real return 1/II of cash .
The solution of the program of L households depends on whether the credit constraints are

binding or not. If credit constraints are binding , the solution is a = 0 and

ul, (CL,mL) > B(1+7r)u, (cH,mH) (10)

g
g
ul, (cL,mL) —ul, (cL,mL) = ﬁug (CH,mH) (11)
The first inequality shows that L households would be better off if they could transfer some
income from the next period toward the current one. The second equality involves the same
trade-off as the one of H households discussed above. Finally, if credit constraints do not bind
for L households, the inequality (10) becomes an equality and a” > 0.
Using expression (8) together with condition (10), one finds that credit constraints are bind-
ing if and only if 1+ < 1/8. If credit constraints do not bind, equality (8) and the relationship
(10) taken with an equality imply 1 +7 = 1/8. The following proposition? summarizes this

standard result.

Proposition 1 Credit constraints are binding for L households if and only if 1 +r < 1/5. If
credit constraints do not bind then 1 +1r =1/p.

When credit constraints are binding, the gross real interest rate 147 is lower than the inverse
of the discount factor. As a consequence, there is always capital over-accumulation because of the
precautionary motive to save, which is is a standard result in this type of liquidity constrained
models (see Woodford 1990 ; Kehoe and Levine, 2001 among others). When credit constraints
do not bind, the inflation rate does not affect the long run real interest rate. In this case,
inflation only affects monetary variables.

Conditions on the parameters of the model

2Note that 1+ 7 can not be lower than 1/11, otherwise the financial market could not clear. As a consequence,
an equilibrium with binding credit constraints can exist only if 1/IT < 1/5. Moreover, we assume that the surplus

left for consumption is positive at the Friedman rule, which implies o < 1/11.



2.3 Monetary Policy with Binding credit constraints

In this section we derive the property of the equilibrium when credit constraints are binding in
equilibrium for L households, that is when 1 + r < % Note that the choice of money balances
of H households can be easily written with equations (8) and (9) at the stationary equilibrium,

which yields the following equality

cH o 1— (12)

S| =

1
T+r

For the H households, the ratio of money over consumption is determined by preference
parameters and by the opportunity cost to hold money. To see this, assume that r and 7 are
small, then 1 -1/ (1 +7) (1 +7) ~ r — (—n), which is the difference between the real net return
on financial titles and the real net return on money or, in other words, which is the nominal
interest rate.

By contrast, when credit constraints are binding, that is when 1+ r < %, one finds, using
(8) with (11) :

ml 1-¢ 1

= (13)

R Ry )

The equilibrium ratio for L households is not simply determined by the opportunity cost to

hold money, but by the difference between consumption in the current period and the return on
money holdings two periods ahead. Indeed, the ratio 5% (1 + ) /II is the discounted value of one
unit of money held in state L, transferred in state H, and then saved on financial market to the
next period, where the household is in state L again. When this ratio increases, L households
increase the ratio of their money holdings over their consumption. As a consequence, state L
households increase the relative demand for money when the real interest increases, contrary to
state H households. Indeed, the real interest rate appears as the remuneration of future savings
and not as the opportunity cost to hold money. The following proposition summarizes this key

property of the model. The proof is left in appendix.

Proposition 2 If credit constraints are binding in the stationary equilibrium, the real interest

rate decreases when inflation increases.

The non-neutrality of inflation stems from the heterogeneity in money demand. When credit
constraints do not bind, all households have the same level of money holdings and thus share the
same reaction following a change in inflation. In this case, inflation has no effect on real variables,
in lines with the traditional Sidrauski’s result. Yet when credit constraints are binding, inflation
favors unambiguously capital accumulation and output, which is the traditional Tobin (1965)

L

result. Indeed, the L households decrease their money holdings m*" in a lower proportion than H

households do, because money is their only store of value. As a consequence, H households have



more resources to save and consume when inflation increases. Indeed, their budget constraints
yields ¢ + af = w + m? — mf. As an indirect effect, capital accumulation raises w and the
incentives to save to smooth consumption.

This simple model has proven that imperfections on financial market give rise to heterogene-
ity in money demand, which is at the core of the non neutrality of inflation. The next step is to
provide a quantitative evaluation of this new channel to assess its magnitude compared to other

well known channels through which inflation affects real variables.

3 The General Model

We describe a fully fledged model encompassing more general assumptions on idiosyncratic risks,
endogenous labor supply and distorting taxes in order to investigate quantitatively the role of
inflation. The economy considered here builds on the traditional heterogeneous agents framework
@ la Aiyagari (1994). But we embed in this framework money in the utility function and
monetary policy issues. This section presents the most general model. Different specifications
of this model will be used in the simulation exercise to disentangle the various channels through

which inflation affects the real economy.

3.1 Agents

3.1.1 Households

The economy consists of a unit mass of ex ante identical and infinitely-lived households. They
maximize expected discounted utility from consumption ¢, from leisure and real balances m = %.
Labor endowment per period is normalize to 1, and the working time is simply [. Leisure is thus
1 — [. For the sake of generality, we follow the literature which introduces directly money m in
the utility function of private agents to capture its liquidity services. For the benchmark version
of the model, we assume that the utility function has a general CES specification following Chari

et al. (2000). The utility of agent ¢ is given by:

U (Ci, m, ll)

[(w_ F—w)m T )_L (- W] (14

where w is the share parameter, 7 is the interest elasticity of real balances demand, v is the

:1—0

weight of leisure and o is risk aversion.
Individuals are subject to idiosyncratic shocks on their labor productivity e;. We assume
that e; follows a three states Markov process over time with e; € F = {eh,em,el} , where

e stands for high productivity, e™ for medium productivity, e for low productivity. The

10



productivity process follows a 3 x 3 transition matrix® Q. The probability distribution across
productivity is represented by a vector ny = {nf",nJ*,nt}: n; > 0 and n} + n}" + n} = 1. Under
technical conditions, that we assume to be fulfilled, the transition matrix has a unique vector
n* = {nh, n", nl} such that n* = n*@Q. Hence, the n; converges toward n* in the long run. n* is
distribution of the population in each state. For instance, n’ is the proportion of the population
with a high level of labor productivity. In the general model, there is an endogenous labor
supply for each level of productivity.

Markets are incomplete and no borrowing is allowed. In lines with Aiyagari (1994), house-
holds can self-insure against employment risks by accumulating a riskless asset a which yields
a return r. But they can also accumulate real money assets m = M /P, which introduces a
new channel compared to the previous heterogeneous agent literature. If the price level of the
final good at period t is denoted FP;, the gross inflation rate between period ¢ — 1 and period ¢

Py

is II; = . If an household holds a real amount m;_; of money at the end of period ¢t — 1,
J

the real value of her money balances at period ¢ is mﬁzl As long as II; > ﬁ, money is a

strictly dominated assets, but which will be demanded for its liquidity services. Households are

not allowed to borrow and can not issue some money.

The budget constraint of household i at period t is given by:

7

ct+mi+ai = (1+7)a;+ +weelly t=0,1,.. (15)

t—1
IT;
with given (1 + rg) af and m’ ;. The sequence of constraints on the choice variables is

ap,1>0,1>10>0,ci>0,m; >0 t=0,L1.. (16)

The value 7, is the after-tax return on financial assets, e! is the productivity level of the worker
at period t, and wy is the after-tax revenue on labor.

For the sake of realism, we assume that there is a linear tax on private income. The tax rate
on capital at period ¢ is denoted x§ and the tax rate on labor is denoted x}’. As a consequence,
if 7 and w; are the revenue of capital and labor paid by the firms, the returns for households

satisfy the following relationships

re = Te(1—x{)

we = W(l—x3)

3This assumption is based on Domeij and Heatchcote (2003) who found that one needs at least three em-
ployment states to match crucial empirical features of the employment process and wealth distribution. See the

section devoted to the calibration of the model.
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Let denote total wealth in period ¢ by ¢i. Then

i
mMy_1
IT;

g = (1+r)a;+
With this definition, the program of agent ¢ can be written in the following recursive form

v (qg> ei‘) = max U (Ci7 mi? l%) + BE [U (Qi+1» ei—&—l)]

{cé,mé,lt,ai+1,}

st oci+mi+ai, = g +wel;
) _ 7 t
Gr1 = (L+rg1)apy + T
41

with the sequence of constraints on the choice variables (16) and with the transition probability
for labor productivity given by the matrix Q.
Since the effect of inflation on individual behavior heavily depends on whether the credit

constraints are binding, we distinguish two cases.
e Non Binding credit constraints

In this case, the first order conditions of agent ¢ read as follows

u/c (Ci7 mi? l%) = B (1 + T‘t+1) E [’Ui (Q§+1, ei—&-l)] (17)
ulc (Ci, mzl‘:’ li) - u;n (Czih mzih l%) = HtﬁJrl E [v/ (qé+17 ezl‘:+1)] (18>
u) (ci, mi, lé) = —wel, (cf;, mi, li) (19)

Equality (19) only holds if the solution satisfies I} € [0;1]. Otherwise, the I} takes on a corner
value, and the solution is given by (17) and (18).
Let denote the real cost of money holdings ~;,; by

1 1

S L
bz M1 (14 regq)

This indicator measures the opportunity cost of holding money. When the after-tax nominal
interest rate rf, |, defined by 1477, ; = II;41 (1 + r441) is small enough, then v,y ~ ' ;. With

this notation and the expression of the utility function given above, the first order conditions
(17) and (18) yield
i <1 —w 1 >77 ;
mi=|————] ¢
! W Vi1 !

This equality shows that the money demand of unconstrained households is only affected by the

substitution effect depending on the opportunity cost of holding money.
e Binding credit constraints

12



When the household problem yields a value for financial savings which is negative, credit

constraints are binding, a;11 = 0, and the first order condition yields the inequality
ug (cpmi 1) > B(1+71401) B [01 (G, €141)]

The first order conditions of the constrained problem are given by

ul (ct,ml ) —u (c,m = E [v’ <—t,e’ ﬂ 20
c( t t+1) m( t t+1) Ht—&-l/B Ht+1 t+1 ( )
u) (cf;,mf;, l;) = —wepul, (Ci,mi, l;) (21)

Money demand has no simple expression in case of binding-constraints. The static trade-
off between demand for money and demand for consumption appears at the left hand side of
equation (20). If money was not a store of value, this expression would be equal to 0. But, as
money allows to transfer revenue to the next period, it creates an additional motive to demand
it.

Importantly enough, inflation turns out to have two contrasting effect on the demand for
money of borrowing constrained households, what can be seen at the right hand side of equation
(20). On the one hand, inflation induces a substitution effect which contributes to decrease the
demand for money when inflation increases (represented by the term ﬁ) On the other hand,
the inflation rate entering into the value function through a revenue effect, it might induce an
increase in demand for money when inflation increases. The core reason for this result is that
money is the only store of value for borrowing constrained households. If the function v is very
concave, and for realistic values of the parameters, this second effect can dominate, and the
demand for money can increase with inflation. We will show in the quantitative analysis that
this result holds for the poorest agents. As a consequence, this case proves that the change in
money demand yielded by inflation, the so-called Tobin effect, can be decomposed into a revenue
effect and a substitution effect for the constrained households.

Finally, working hours are determined by the equation (21). If the value of I, provided by
this equality is negative, then [; = 0 and the fist order condition (21) holds with an inequality.

The solution of the program of the households provides a sequence of functions which yield
at each date the policy rules for consumption, financial savings, money balances and leisure as
a function of the level of labor productivity and wealth:

.
¢ E xR — R

at+1:ExR+—>R+

my : E x Rt — RT

l,: E xRt — Rt

J
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3.1.2 Firms

We assume that all markets are competitive and the only good consumed is produced by a rep-
resentative firm with an aggregate Cobb-Douglas technology. Let K; and L; stand for aggregate
capital and aggregate effective labor used in production respectively. It is assumed that capital
depreciates at a constant rate § and is installed one period ahead from production. Since there
is no aggregate uncertainty, aggregate employment and, more generally, aggregate variables are
constant at the stationary equilibrium

The output is given by
Vi =F (K, Li) =KL 0<a<l1

The effective labor supply is equal to L; = Le? 4+ L"e™ + Lte!, where L}, L7 and L! are the

aggregate demand for each type of labor. Prices are set competitively:

W = (1—a) (K/Ly)" (22)
F+0 = a(K;/L)* ! (23)

As high, medium and low productivity workers are perfect substitute with difference productiv-

ity, one necessarily gets
o = ey, W =My, Wl = ey (24)
The aggregate demand for capital is given by

Ky = Li(a/ (7 + 6))T=

3.1.3 Government

The government levies taxes to finance a public good, which costs G units of final goods at each
period. Taxes are proportional to the revenue of capital and labor, with a coefficient x¢ and x}"
at period t. In addition, the government gets the revenue of the new money created at period t,
which is denoted 7{" in real term. It is assumed that the government does not issue any debt.

The government budget constraint is given by

G = X7+ X (Lbel + Liel + Li'ef") iy + 74" (25)

3.1.4 Monetary Policy

The monetary policy is assumed to follow a simple rule. At each period, the monetary authorities

create an amount of new money which is proportional with a factor 7 to the nominal quantity of
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money in circulation, P{ = P11+ 7P_1Q:—1. As is standard in the monetary literature,
we assume that the State gets all the revenue from the inflation tax*, which is a more realistic
assumption than the helicopter drops of money. As a result the real quantity of money in

circulation at period t is

Q1 Q1
Q= 26
t 10, + 1, (26)
The real value of the inflation tax in period ¢ is
Qi
lot — g1 (27)

11
Note that if the real quantity of money in circulation is constant (which is the case in equilib-
rium), equation (26) implies that IT = 1+, and hence 7 = 1= ¢2, which stands for the standard

expression of the inflation tax.

3.2 Equilibrium

Market Equilibria
Let \; : E x RY — [0,1] denote the joint distribution of agents over productivity and
wealth. Aggregate consumption C}, aggregate real money holdings M;, aggregate effective labor

L$ and aggregate financial savings A;41 are given by

C = //ct (") dx: (¢",q)

M, = //mt (" a) axi (*.a)

L = eh/lt (" a) A (e"0) dq+el/lt (¢ a) A ('.q) dq+€m/lt (€™,q) Ae (€™, q) dg
Ay = / / ace (. a) dx (¢, q)

Equilibrium in the final good market implies
Ct+Kt+1+Gt:n+(1—5)Kt (28)

Equilibrium in the labor market is
Ly =L

Equilibrium in the financial market implies
K1 = A (29)
The money market equilibrium is defined by

M, = Q, (30)

*In practice, the profits of central banks are redistributed to the State and are not used for specific purposes.
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where (), is the real quantity of money in circulation at period t.

Competitive equilibrium

A stationary competitive equilibrium for this economy consists of constant decision rules
c(e,q), m(e,q),l(e,q) and a(e,q) for consumption, real balances, leisure and financial asset
holdings respectively, the steady state joint distribution over wealth and productivity A(e, q), a
constant real return on financial asset r, a constant real wage w, the real return on real balances
1/1I, and tax transfers x® , x" , consistent with the exogenous supply of money 7 and the
government public spending G such that

1. The long run distribution of productivity is given by a constant vector n*.
The functions a, ¢, m, [ solve the problem of households
The joint distribution A over productivity and wealth is time invariant.
Factor prices are competitively determined, by equation (22)-(24).
Markets clear: equations (28)-(30).

The quantity of money in circulation follows the law of motion (26)

N ke W

The tax rates x® and x* are constant and are defined to balance the budget of the State
(25), where the seigniorage rent from the inflation tax 7% is given by (27).
Note that the equilibrium on the money market and the stationary of the joint distribution

imply that the real quantity of money in circulation is constant.

3.3 Calibration

The model period is one year and the model is calibrated on the US economy. Since the primary
interest of the paper lies on the interactions between credit constraints, wealth heterogeneity and
monetary policy, one key goal is to match the observed distributions of wealth and in particular
the share of people borrowing constrained. In what follows we focus on the benchmark incom-
plete market economy with endogenous prices, proportional taxes, endogenous labor supply for

an initial inflation rate of w equals to 2 percent.

Technology and preferences

Table 2 reports the parameters for preferences and technology. The parameters relating to
the production technology and the discount factor are standard: capital’s share « is set equal
to 0.36, the capital depreciation rate is 0.1 and the discount factor is set to 0.96.

We choose parameter values for the utility function (14) as follows. For w and n we draw on
the money demand literature. The interest elasticity n is set to 7 = 0.5, which is close to the
traditional estimates (e.g. Chari et al. 2000, Holman 1998, Hoffman, Rasche and Tieslau 1995),
and which can be microfounded in a Baumol-Tobin type model of money demand. The share

parameter w of consumption relative to money is then set to w = 0.98 in order match the ratio
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of real balances over GDP. As there is no standard definition of money in this literature (M1
or M2), we use the average value of M1/GDP and M2/GDP which is about 0.30 on the same
period. The weight on leisure v is set to reproduce a steady state fraction of labor of 33 percent
of total time endowment. Eventually we set the risk aversion parameter at a value different to
the log utility function but close enough to one in order to match the observed capital-ouput

ratio.

Table 1: Benchmark calibration

Parameters | Q ) w n v oo

Values 096 036 01 98 05 2 1.1

Employment Process

Regarding the employment process, the key goal of the calibration is to find a stylized
process for wages empirically relevant and which is able to replicate the US wealth distribution
- in particular the share of people who are borrowing constrained.

We follow Domeij and Heathcote (2003) who estimated a rather stylized process to match
some of these criteria (see Castaneda et al. (2003) for an alternative relevant strategy). The
authors found that one needs at least three employment states to match two main features of
the wealth distribution estimated by Budria Rodriguez et al. (2002): the high Gini coefficient
of wealth and the fact that the two poorest quintiles of the distribution hold no more than 1.35
percent of the total wealth. Thus the set of employment states is represented by e = {eh, e, el}
where e’ stands for high productivity, e™ for medium productivity, e’ for low productivity. The
ratio between the different productivity levels and the transition probabilities are set in order
to match the autocorrelation p,, = 0.9 and the innovation o,, = 0.224 in the individual earnings
estimated on the PSID. The implied ratio of productivity values are ej/es = 6.06 and es/e3 =
5.02. And the Markov chain consistent with the observed earning process is p1.1 = p33 = 0.9
and pa o = 0.97.

pii l—=—pi1 0

Q — 1—p22 14+p2 2
2 D22 2

0 1l-pi1 p1a
This specification yields a Gini coefficient of wealth of 0.75, which is quite close to the recent
findings of Budria Rodriguez et al. (2002). The Gini coefficient for consumption reaches 0.30
consistently with the findings of Perri and Grueger (2005).

Importantly enough our specification yields an empirically relevant fraction of borrowing
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constrained households. Some previous estimation concluded that around 20 percent of house-
holds were credit constrained (e.g. Japelli, 1990). Recent estimations by Buria et al. (2002) on
the United States finds that 7.4 percent of people have negative wealth, and are thus potentially
concerned by credit constraints. We calibrated the model on this latter smaller value, to avoid
any overestimation of the effect at stake. The key point is that this finding is only linked to
the introduction of real balances in the traditional Aiyagari model. For instance Domeij and
Heathcote (2003) and Heathcote (2005) found that no one is borrowing constrained in their
specification. The previous literature generally needs to introduce stochastic discounting factor
to match this dimension (Krusell and Smith (1998), Carroll (2000)). By contrast, introducing
money in the utility function naturally entails that wealth-poor people need to carry-on real
balances next period in order to be able to consume. They would thus set down their level of
financial assets equal to zero to be able to keep a positive amount of real balances when they
are affected by negative labor productivity shocks.

Table 2 reports the main statistics reproduced by our model under the benchmark specifi-
cation with endogenous prices, distorting inflation taxes and endogenous labour supply. The
benchmark specification matches closely the key observed ratio of capital K/Y = 3, of money
(M/P)/Y = 0.35 and of public spending G/Y = 0.24. In the benchmark calibration we assume
that the tax rate on capital and labor is the same : x* = x* = x. The calibration yields an
average tax rate on labor and capital x = 0.34 closed to the observed one (Domeij and Heath-
cote, 2003). Importantly enough, the benchmark set-up matches the Gini coefficient of wealth
and consumption and is able to replicate both the upper tail and the lower tail of the wealth

distribution.

Table 2: Benchmark calibration

Values Data Benchmark
economy
K/Y 3 3
(M/P)/Y 0.30 0.35
G/Y 0.20 0.24
X 0.33 0.34
Gini Wealth 0.78 0.76
Gini Consumption 0.30 0.30
Wealth 80-100 79.5 80
Fraction with wealth <0 | 7.4 7.4
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4 Results

4.1 Individual policy rules

We start by discussing the impact of inflation on individual policy rules in the benchmark
economy with endogenous hours and taxes.

Figure 1 reports the main policy rules in the benchmark economy with an inflation rate at
m = 2 percent. Consumption, real balances and financial assets are an increasing function of
labor productivity and current total wealth ¢ made up of financial assets and cash. But due
to the presence of borrowing constraints, the value functions and the implied policy rules for
consumption and money demand are concave at low value of wealth and productivity. Moreover
the policy rule for financial assets held by medium and low productivity workers display kinks
at low level of wealth, indicating that these two types of workers are net-dissavers. By contrast
high productivity workers are net-savers in order to smooth consumption across less favorable
productivity states.

Figure 2 reports the impact of a one percent rate increase in inflation from 7= = 2% to
7 = 3% on next period asset holdings and money balances as a function of beginning of period
total wealth. The focus is put on the policy rules around the kink where the main non-linearity
lies. We focus on the high and the low productivity states, households in the medium state having
similar policy rules as the low productivity ones. For high value of productivity, an increase in
inflation provides more incentives to save in financial assets at the expense of real money balances
whose value has been slashed by inflation. This behavior stands in sharp contrast with that of
households in lower productivity states. These households are borrowing constrained on asset
holdings at low level of total wealth. In this case they have no other choice than increasing their
level of money balances following a rise in inflation in order to sustain their level of consumption.
Indeed, money is used as a store of value, and the revenue effect dominates the substitution effect
when wealth is low, as explained in the discussion of equality (20). Their level of real money
balances decreases only at higher level of total wealth for which credit constraints on financial
assets are no longer binding. This contrasted effect suggests that the effect of inflation on the

real economy and welfare crucially depends on borrowing constraints.

4.2 Aggregate results

This section quantifies the impact of monetary policy on the real economy and welfare. We
look at a policy experiment in which the inflation rate rises by one point from 7= = 2 percent
to m = 3 percent. The quantitative theoretical analysis proceeds as follows. We quantify the

aggregate impact of inflation depending on the different assumptions on the redistribution of the
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seigniorage rent, the tax structure and the adjustment of labor supply, to be able to disentangle
the various effects of inflation in this economy.

First we consider a version of the model in which hours are exogenous, inflation taxes are
lump-sum and are redistributed proportionally to the begining-of-period real balances. We
abstract thus from any redistribute and distorting issues discussed in the previous literature.
Consistently with our theoretical results found in section 2, this set-up allows us to quantify
the non-neutrality of monetary policy which only transits through credit constraints. This
framework is thus mainly illustrative since the neutrality of money would be obtained under
these assumptions if markets were to be complete.

Second, we take into account of the traditional redistributive and distorting effects of inflation
which interact with credit constraints. Labor supply is still assumed to be exogenous but there
are now proportional taxes on labor and capital income. In this case, credit constraints give rise
to two new effects of inflation. The redistributive effect is due to the fact that the seigniorage
rent is redistributed unevenly across wealth-poor and wealth-rich agents. The distorting tax
effect is due to the fact that the seigniorage rent allows a reduction in capital taxes and thus
increases the incentives to save. This traditional Phelps effect is amplified by the presence
of borrowing constraints through precautionary savings motive. We assess the contribution of
credit constraints to these effects by comparing complete markets and incomplete markets with
credit constraints. Third, we extend the model by introducing the labor supply decision.

Due to borrowing constraints, inflation gives rise to heterogeneous labor supply depending on
the endogenous wealth heterogeneity. We measure this new effect by comparing the incomplete
market set-up with the corresponding complete market one with endogenous hours worked and
distorting taxation.

For each economy, we change the parameters relating to the household productivity process
so that each economy matches the same targeted feature of the US wealth distribution®. The

calibration given below concerns thus the benchmark model with endogenous labor supply.

4.2.1 Lump-Sum Transfers

Environment
In the first stage of the analysis, we define a special case of our model in which the real

effect of monetary policy only transits through credit constraints regardless of other potential

’For each environment with exogenous hours, we keep exactly the same parameter values for the incomplete
market and the complete market models. Actually, these two set-up provide similar initial steaty-states. By
contrast (and as in Heathcote, 2005), we use a smaller labor supply elasticity ¢» = 0.75 in the representative

economy with endogenous hours in order to start from the same steady state values for L, K/Y, M/Y and taxes

as the ones which hold in the incomplete market framework.
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distortions. For that purpose, we consider the following environment. First, we assume that
each household supplies inelastically I = [ hours of labor. We set [ = 0.33 which corresponds
to the steady state value of labor with endogenous labor supply at @ = 2 percent. Second,
we assume that there are no taxes on labor and capital, and all (net) transfers are lump sum.
Third, the government spending is equal to 0, and the government distributes the new money
proportionally to the beginning of period level of real balances held by each household. This
environment corresponds to the simple model presented in Section 2 but with a more general
labor income process.

The budget constraint (15) of household ¢ rewrites in this case

i
mMy_q

cé+mi+ai+1 = (1 +7) al 4 well + i + 7
t
where 1) stands for lump-sum transfer of the seigniorage tax, and 7; and @y are the levels
of interest rate and wage paid by the firm (without tax), defined by equations (22) and (23)
respectively.
The seigniorage tax is redistributed ex-post to each agent as a lump-sum transfer proportional

to the beginning of period money holdings

As a consequence, the ex post individual budget constraint writes
¢+ aj iy +my = (1+7) aj + deyl +my_y

In this case, inflation no longer shows up in the individual budget constraint. But since the
seigniorage tax is redistributed ex-post, the inflation rate is still taken into account by households

as the anticipated inflation rate affects the arbitrage conditions to hold money.

Aggregate results

Let now consider the aggregate outcomes of a one point rise in the inflation rate from 7 = 2
percent to 3 percent in this environment. The aggregate results for the economy with neutral
lump-sum taxes and exogenous hours are reported in Table 3 -Line 1. We focus on the main
aggregate variables: output Y, capital K, real balance M/P , aggregate consumption C and
prices w and 7. In this table, we give the percentage change of each variable compared to its
value when inflation is set equal to 2%.

With complete markets and non-distorting taxes, inflation has no real effect on stationary
real aggregate variables. Each household can adjust in the same proportion her demand for

real money and financial asset holdings, leading to a neutral effect of inflation on aggregate
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consumption, capital and output. The effect of inflation only transits through nominal variables,
the aggregate stock of money decreasing by 6.97 percent

By contrast, when markets are incomplete and households face borrowing constraints, those
who are credit constrained cannot adjust in the same way their money and capital holdings
compared to unconstrained agents as illustrated by figure 2. Constrained agents have no other
choice than that of increasing their demand for money to restore their level of real balances and
to be able to consume tomorrow. At the other extreme, unconstrained agents increase their level
of financial assets whose returns relative to cash is increasing with inflation. As a matter of fact,
aggregate capital rises by 0.23 percent, leading to an increase in output and consumption by
0.08 percent and 0.02 percent respectively. Yet since households have more incentive to save in
financial assets in the incomplete market set-up, the reduction in real balances is much sharper

compared to the complete market set-up.

4.2.2 Redistributive effect of the seigniorage rent

Environment

We now discuss the sensitivity of the role played by borrowing constraints in the non-
neutrality of money when we take into account additional distortions in the inflation tax. To
that end we introduce proportional taxes in lines with the benchmark incomplete market model
described in section 3 and compare the results with a complete market economy. We still shut
down the labor supply channel by assuming that the number of hours is fixed at the station-
ary value [ = 0.33. In this case, the individual budget constraint and the government budget
constraint reads respectively as

i
my_1

¢t +mi+ajy = (L+7(1— xf)aj + (1 — x)derl +
¢

and
G = x§Te K + X <nhe,’51 +nmel 4 nme;”> Iy + 71

tot Q
t

with 70 = THE-

Redistributive distortion of the inflation tax

We first focus on the redistributive effect of the seigniorage rent. In particular we assume that
the seigniorage rent is redistributed proportionally to labor income. To isolate this redistributive
effect, we need to shut down the Phelps effect transiting through a reduction in capital tax. For
that purpose, we assume that the distorting proportional taxes on capital x® is not affected
by the rise in inflation. This tax is held constant at its stationary value corresponding to an
inflation rate of 2 percent. Yet the rise in the seigniorage tax 7/° allows a reduction in the

proportional tax on labor x". Thus everything works as if the government was engineering a
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transfers of the seigniorage rent proportionally to labor income. As we assume in this section
that labor supply is exogenous, the transfers proportional to labor are not distorting.

Table 3 -Line 2 reports that the tax on labor sharply decreases by 1.04 thanks to higher
seigniorage rents. But since the redistribution of the seigniorage rent is proportionally more
favorable to high productivity workers, the latter ones have higher incentives to save in order
to smooth their consumption. As a matter of fact, the increase in aggregate capital and output
- by 0.34 and 0.12 percent respectively - is higher compared to the previous environment with

neutral redistribution of the seigniorage rent.

4.2.3 Capital taxation distortion

We now discuss the interplay between credit constraints and distorting taxes on capital. We
keep on with the same previous environment with exogenous hours. But we take into account
of the adjustment of the tax on capital following a rise in inflation. Due to the seigniorage rent,
inflation allows a reduction in the tax rate on capital required to balance the government budget
constraint. This effect, traditionally known as the Phelps effect, interacts in our framework with
the presence of borrowing constraints which amplifies the incentives to save. We quantify the
contribution of credit constraints to this traditional Phelps effect by comparing the incomplete
market economy with the complete market set-up.

Table 3-Line 3 first indicates that the tax on capital decreases by 0.94 percent in the in-
complete market set-up. This effect provides more incentive to save. Importantly enough, the
precautionary saving motive due to the existence of credit constraint amplifies the rise in ag-
gregate capital. Actually the Phelps effect turns out to be twice as high in incomplete market
as in complete market set-up, the aggregate capital rising by 0.58 percent in the former case
compared to 0.29 percent in the latter one. This allows a proportional increase in output and
consumption by 0.15 percent and 0.12 percent in the incomplete market set-up. Conversely, this
higher incentive to save with credit constraints leads to a sharper reduction in real money bal-
ances in the incomplete market world by 8.78 percent against 6.8 percent in the representative

agent economy.

4.2.4 Endogenous labor supply

We end-up the analysis by taking into account of the interplay between borrowing constraints
and the labor supply margin. Table 3 - Line 4 compares the benchmark incomplete markets
economy described in section 3 with a complete market set-up. Note that taxes on labor and
capital income are now both distorting.

The primary channel through which inflation affects labor is by altering the productivity
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Table 3: Aggregate impact of inflation: economies with proportional taxes, exogenous hoursy

Percentage change following a rise in inflation

T =2% — 3%

Economies

Y K M/P C L xv x? T w
Neutral lump — sum tax
Ezxogeneous hours (1)
Incomplete markets 0.080 0.231 -9.691 0.020 O 0 0 -0.67  0.06
Complete markets 0 0 -6.979 0 0 0 0 0 0
Redistributive distortion
Exogeneous hours  (2)
Incomplete markets 0.121 0.342 -8.859  0.068 O -1.04 0 -0.80  0.12
Complete markets 0 0 -6.973 0 0 -0.917 0 0 0
Capital tax distortion
Exogeneous hours  (3)
Incomplete markets 0.213 0.586 -8.784  0.112 0 -0.940 -0.940 -1.262 0.192
Complete markets 0.104 0.290 -6.886 0.084 O -0.802 -0.802 -0.465 0.108
Benchmark economy — (4)
Distort.tax — Endo.hours
Incomplete markets 0.447 0948 -11.158 0.359 0.166 -1.166 -1.166 -2.946 0.280
Complete markets 0.150 0.323 -6.860 0.106 0.063 -1.365 -1.365 -0.470 0.095

of labor - measured by wages - and thus the marginal rate of substitution between leisure and
consumption. As aggregate capital increases, the productivity of labor rises and wages increases
by 0.28 percent. This entails a substitution effects in the labor supply which rises by 0.16 percent.
Conversely, the rise in labor supply increases capital productivity and provides more incentives
to save. This virtuous circle leads to a sizeable increase in aggregate capital and output by 0.94
percent and 0.44 percent respectively. This effect is three times as high as in an complete market
economy, allowing much higher steady-state consumption. Yet this sharp substitution between
capital and real balances in the incomplete market set-up triggers a reduction in real balances
almost twice as high in the environment with borrowing constraints as that in the economy with

complete markets.
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4.3 Welfare

We conclude this analysis by assessing the welfare costs of inflation in incomplete market set-up
compared to the traditional representative agent literature. This analysis is carried on in the
benchmark model with endogenous hours and proportional taxes. We use the standard Aiyagari-
McGrattan average welfare criterion defined as the expected discounted sum of utilities under
the equilibrium stochastic stream of consumption and real balances of infinitely lived agents.

Following Lucas’ tradition, we measure the welfare gain of inflation as the percentage of
consumption one must give to households living in an environment with low inflation rate to
leave them indifferent with living in another economy characterized by higher inflation rate. The
monetary policy experiment is the same as the previous one and consists in an increase by one
point in the inflation rate from m = 2% to m = 3%. Let c(¢, q), m(e, q) and I(e, q) be the level of
consumption, real balances and leisure of households having a labor productivity € and a level of
wealth q. These quantities are defined at the stationary equilibrium under the benchmark level
of inflation m = 2% used in the calibration. Let c¢*™ (e, q), m~™ (e, q) and 1°7 (¢, q) be the level
of these quantities after a change in the inflation rate, and let A*™ be the new stationary joint
distribution after a change in inflation.

The average welfare gain A% is thus defined as

/ / u((1+ A%)e(e, g), me, @), (e, q)) dA (e, g) = / / u (A7 (e, g), m7 (e, 9). 157 (e, q)) dAPT (e, q)

We also look at the redistributive impact of inflation depending on the level of wealth. More
precisely, let denote A, the range of financial wealth of the poorest X% type e workers in the
benchmark economy and let define by A’%y the range of financial wealth of the poorest X%
type € workers in the modified economy. Thus the welfare lost from inflation for the poorest

X% type e workers is given by

A

where Ax is the additional consumption one must give to the the poorest X% type € workers

u ((1 + AX,e)C(Ea Q)a m(67 Q)a l(ev Q)) dq = / u (CAﬂ(€> Q)> mAﬂ(Q Q)> lAﬂ(ea Q)) dq

%% AR
to make them indifferent between living in the benchmark economy and becoming the poorest
X% type € workers in the modified economy. The welfare cost of inflation for the richest Y% is

defined exactly in the same way.

Table 4 reports the welfare costs generated by a one point increase in the inflation rate from
m = 2 percent to m = 3 percent. We look both at the average cost and at the cost for the 5
percent poorest and wealthiest households. We also decompose the welfare costs depending on
the level of labor productivity by distinguishing the two polar cases of high productivity and

low productivity workers.
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Table 4 - Col. 1 compares the average welfare cost of inflation under incomplete and complete
markets set-up. It turns out that the welfare cost in consumption equivalent of the change in
inflation is 0.185% percent in the incomplete market economy. This negative impact is mainly
due to the sharp reduction in real balances and the decline in leisure induced by inflation as found
in Table 3. This negative effect more than offsets the positive impact of inflation on aggregate
capital allowing higher stationary consumption. Yet this welfare cost is slightly smaller than the
one which will hold in a complete market economy. In the latter case, inflation triggers a less
pronounced positive effect on output and consumption. But the negative utility effect stemming
from the reduction of real balances is also lower compared to the incomplete market economy.

Moreover, inflation affects unevenly the welfare of different households, a dimension ignored
in the representative agent literature. Table 4 - Col. 2 and 3 show that the wealth-poor gain
from inflation while the wealth-rich are hurt by inflation. This effect is mainly due to the price
composition effect. As suggested by Table 3, inflation has a significant positive impact on labor
productivity and wages by triggering higher capital accumulation. In the benchmark economy,
a one point rise in the inflation rate was found to increase wages by 0.28 percent. Conversely
the induced higher accumulation of capital entailed a sharp reduction in the interest rate by
2.94 percent. As a matter of fact, inflation increases the welfare of the wealth-poor people
whose income is mainly made up of labor income. This effect is all the more important for high
productivity workers whose welfare increases by 0.7569 percent against 0.296 percent for the
low-skilled worker. By contrast, inflation lowers the welfare of the wealth-rich since their total

income is mainly made up of financial assets whose return decreases.

Table 4: Welfare costs of inflation: benchmark economy with proportional taxes and endoge-

neous hours

_ High skill (2) Low skill (3)
Economies Average (1)
Poorest 5% Richest 5% Poorest 5% Richest 5%
Incomplete Markets -0.185 0.7569 - 0.090 0.296 - 0.189
Complete Markets -0.192 -0.192 -0.192 -0.192 -0.192

5 Conclusion

This paper has put to the fore a new channel for the non neutrality of money which hinges
on credit constraints. Incomplete market and borrowing constraints induce an heterogeneity in
households behavior following a change in the inflation rate, because credit constrained house-

holds can not substitute away their real balances for financial assets.
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First, we have shown that this channel has a quantitative sizeable impact in economies with
an empirically relevant wealth distribution. An increase in inflation leads to a substantial rise
in long-run output and consumption. Second, the welfare costs of inflation turn out to be on
average of the same order in this incomplete market set-up compared to the representative agent
framework in a steady-state comparison a la Lucas. But inflation has key redistributive effects,
some households even gaining from inflation depending on their level of wealth and productivity.

The focus of this paper is on long run steady state inflation. But, a promising route for
future research would be to analyze the short run effect of monetary shock in such a model.
This framework could provide a new relevant channel in order to account fort the persistence
and non neutrality of monetary shocks, as an alternative to traditional sticky prices models. And
credit constraints and heterogeneity would offer a suitable framework for studying the short run

redistributive effects of monetary policy.
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A Solution to the Problem of the Households

Using the Bellman equations, the problem of households can be written in a recursive form.
Stationary solutions satisfy, of course, the usual transversality conditions. As a consequence,

one can focus on the first order condition of the problem of the households. This one is

Vv (Q}H ezzt) = - maXx U (C;fia m%) + 6‘/ (qurl? ezitJrl)
{cp,miat gy
citmptaiy = g +we; + Fi (31)
Giy1 = Ripagy + ﬁ (32)
Civ miv ai-i—l > 0 (33)

with ¢, ¢? given and with the deterministic change of state e}, ; = 0 if ¢} = 1, and €}, ; = 1 if
ej = 0. Using (31) and (32) to substitute for ¢} and g;,, one can maximize only on aj and m;.
Using the first order conditions, together with the envelop theorem (which yields in all cases

%4 (q}f, eiﬂ) = ul (cé,mf‘:)), one finds
ul, (cé,mé) = BRyqul. (céH,miH) (34)
) ) = el (i) @

If the previous equations yield a quantity a 11 < 0, then the borrowing constraint is binding
and the solution is given by af,; = 0 and u/, (¢}, m}) > BRi1ul, (cj1,mi,) together with (35).
In a stationary equilibrium, all H agents become L agents the next period, and the reverse. The
H agents are the high revenue agents, and their savings are always higher than the ones of L
agents, who have no labor income. As a consequence, credit constraints never bind for H agents.
One can rewrite the previous equations using the state of the households instead of their type.

With the logarithm utility function, it yields the expressions given in section 2.

B Proof of Proposition 2

In this proof, we assume that credit constraints are binding for L households to derive the
equilibrium interest rate. In a second step, Then we check that credit constraints are indeed
binding for L agents and not for H agents. The first order conditions of the firm problem yield
l+r=aK*tand w= (1 - a) K“.

First, using the first order condition (8), one finds g—z = [ (1+r). The equilibrium on the
good market yields is ¢ + ¢ = K* — K. Substituting ¢/, w and K by their value one finds

[e3

L, l+tr—a a \1-«
= AT+ <1+r>
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The budget constraint of L agents, given by (7) yields

mt mHcH o (147)—ck

cL cH el cL

Using the value of the ratio S—Z = (1 4+ r) and the expressions (12) and (13), one finds

¢ B+r)+1 )_ B 1
1—¢<a T +r—a " " Eagn Trr-% (36)

The left hand side is decreasing with r. The right hand side is unambiguously increasing in r.
One can show that the right hand side is increasing in II. Indeed, define

_ B 1
- 2
1-Z(1+r) 14r—g

g (II)

and define the function h such that
y (L + 1)’
2 2 2
<1+r—%(1+7“) )

h(y) = (37)

The function h is positive and increasing in its argument. Now, the derivative ¢’ (IT) can be
written as ¢’ (IT) = <h <1—iT> —h (6)) As credit constraints are binding, 1+rr > 3, and hence
one finds that ¢’ (IT) > 0.

As a consequence, when the equation (36) has a solution 7,by the theorem of implicit function
it is a decreasing function of II. A solution r of (36) is an equilibrium interest rate if 1 +r < %
Here, we simply assume that the values of the parameters are such that it is the case. This is

true for instance for § = 0.96, ¢ = 0.5, = 0.33. and II = 1.02 .
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