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Abstract

A popular argument in favour of price stability is that the inflation-tax burden would dispro-
portionately fall on the poor because wealth is unevenly distributed and portfolio composition
of poorer households is skewed towards a larger share of money holdings. We reconsider the
issue in a DSGE model characterized by limited participation to the market for interest bear-
ing assets. We show that a combination of higher inflation and lower income taxes reduces
inequality. When we calibrate the share of constrained agents to fit the wealth Gini index for
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1 Introduction

Over the last 30 years income and wealth inequality has been rising in developed economies (see,
e.g., Atkinson et al, 2011) and concern has grown for the distributive effects of monetary policies
(Galbraith et al, 2007, Coibion et al, 2012). In fact, Central Banks policies are increasingly chal-
lenged for their apparently adverse effects on inequality.!

A relatively large body of empirical research has pointed out that inflation is particularly
harmful for the poor (Easterly et al, 2001) and high inflation and inequality are positively related
(Albanesi, 2007). A popular argument in favour of price stability is the asymmetric incidence of the
inflation tax when wealth is unevenly distributed and portfolio composition of poorer households is
skewed towards a larger share of money holdings, so that the inflation tax burden would dispropor-
tionately fall on the poor (Erosa and Ventura, 2002; Boel and Camera, 2009; Schmitt-Grohé and
Uribe, 2011). In fact, this is the key justification for endorsing price stability as the primary ECB
objective as a contribution to reducing inequality and poverty.? By way of contrast, recent con-
tributions (see, e.g., Ragot, 2014) show that the distribution of money holdings is similar to that
of financial wealth and much more unequally distributed than that of consumption, suggesting a
stronger impact of the inflation tax on richer households.

In the paper we analyze Ramsey-optimal monetary and fiscal policies when distributive effects
of policy actions are accounted for. The issue is important also because the DSGE literature in this
field is based on the representative agent assumption and is silent about the redistributive effects
of inflation. Its standard prescription is that the optimal steady state inflation rate is near to zero
or slightly negative and inflation should be almost completely stabilized along the business cycle
(Schmitt-Grohé and Uribe, 2011). The result follows from the interaction of monetary transaction
costs, that call for a zero nominal interest rate and a negative growth rate of prices (the Friedman
rule), and price adjustment costs, that push the optimal inflation rate to zero. Phelps (1973) con-
jectured that monetary financing could be used to alleviate the burden of distortionary taxation,
when an exogenous amount of public spending has to be financed and lump sum taxation is not
available. Schmitt-Grohé and Uribe (2011), in their survey of the literature, argue that the opti-
mality of price stability is robust to the Phelps’ effect as well as to other frictions such as downward
wage rigidity, hedonic prices, incompleteness of the tax system and the zero lower bound on the
nominal interest rate.

We modify the standard DSGE model by introducing Limited Asset Market Participation
(LAMP henceforth), in the form of a distinction between holders of interest bearing assets (un-
constrained agents) and agents who only own money (constrained agents).® This is a simple and

ISee, e.g., "Inequality. A monetary policy for the 1%", The Economist, London, Jul 5th 2012, and Belotti and
Farley, "Fed policies: Income inequality has been one of the results", San Jos¢ Mercury News, April 4th 2014.

2For instance, in a speech at the International Day for the Eradication of Poverty, Intergroup “Extreme Poverty
and Human Rights, Fourth World Committee” event, held on October, 17th 2012 at the European Parliament
in Brussels Benoit Ccoeuré, Member of the Executive Board of the ECB, stated that "...poorer households tend to
hold a larger fraction of their financial wealth in cash, implying that both expected and unexpected increases in
inflation make them even poorer. In addition, monetary policy shocks and surprise inflation can have an impact on
inequality through other sources of income. Income from labour and the unemployment of less-skilled workers tend
to be adversely affected to a disproportionate degree during recessions. All in all, recent studies suggest that a higher
inflation rate is accompanied by greater income inequality".

3Several contributions have already investigated the role of LAMP in DSGE models (Gali et al (2007),
Bilbiie and Straub (2013) and Di Bartolomeo et al (2011)), typically assuming that constrained agents do not hold
any wealth and consume their current labor income. Here we let constrained agents hold money balances. This is
necessary to let the inflation tax be levied also on constrained consumers. An example of this approach is found in
Coenen et al (2008) .



straightforward way to verify how the optimal rate of inflation should respond to inequality concerns
and to the redistributive effects of inflation tax on the poorer part of the population.

Heterogeneity in the access to the market for interest bearing assets is a salient feature of the
data. While the majority of US households * (92.5%) own transaction accounts (including checking,
savings, money market deposit accounts and money market mutual funds), only a small minority
hold other financial assets, such as stocks, bonds, investment funds and other managed assets (which
are held by less than the 20% of households). The major long term saving vehicle for US households
are retirement accounts, held by the 50.4% of families.

Percentage of Families Holding Asset

Transaction Accounts 92.5
Certificate of Deposits 12.2
Savings Bonds 12.0
Bonds 1.6

Stocks 15.1

Pooled Investment Funds 8.7
Retirement Accounts 50.4
Cash Value Life Insurance 19.7
Other Managed Assets 5.7
Other 8.0

Any Financial Asset 94.0

Table 1: Data taken from the Federal Reserve Bullettin, June 2012, Vol 98, No 2. 2010 Survey.

Excluding such important differences in wealth holdings from macroeconomic models implies that
the distributional effects of policies and shocks are also ignored. Our model cannot replicate the
observed distribution of individual wealth holdings, but even a simple distinction between holders of
interest bearing assets and the rest of the population will be shown to bear important implications
for policy design.

Our analysis unfolds in 3 steps. The first one is the identification of the policymaker’s incentive to
use inflation as a redistributive tool, highlighting the efficiency-equity trade off. To this end we focus
on a very simple model where goods are produced by monopolistic firms, individuals inelastically
supply labor, public consumption is nil and the subjective discount factor is one, so that the
Friedman rule should call for zero inflation. In this model, income inequality is determined by profits
entirely earned by assets holders, and we allow the planner to print money to finance lump-sum
transfers to non-asset holders. We obtain analytical results showing that inequality in individual
wealth holdings unambiguously induces the policymaker to raise inflation, thus highlighting the
importance of the redistribution motive in shaping optimal policies.

The second step in our analysis is to allow for an endogenous labor supply, and to assume that
the planner can offset monopolistic distortions through inflation-financed production subsidies. We
find that it is indeed optimal to levy an inflation tax that increases in the share of households
whose wealth is entirely composed of money holdings. This latter result suggests that LAMP
should induce the planner to shift the optimal financing mix towards inflation in the more realistic
framework where distortionary taxes are needed to finance public expenditures and monopolistic
distortions cannot be removed through production subsidies.

4These statistics refer to the 2010 Survey of Consumer Finances.



To verify this latter conjecture, in the third step of our analysis we compute the Ramsey solution
for a medium scale DSGE model. This adds to Schmitt-Grohé and Uribe (2004a) because the
identification of the optimal financing mix (inflation and income tax) for a given level of public
consumption takes into account the planner’s concern for redistribution as a determinant of inflation.
We find that LAMP induces the planner to choose a higher inflation rate in order to benefit
constrained agents. In contrast with received wisdom, the fundamental reason underlying this
result is that expected inflation shifts the fiscal burden towards asset holders. Our result is based
on the fact that money holdings are larger for wealthier individuals. Thus shifting the financing mix
towards higher inflation and lower direct taxes will raise the overall supply of production factors
and mainly benefit non asset holders. A steady state public debt equal to 60% of GDP and a share
of constrained agents that matches the wealth Gini index for the US imply an optimal steady state
inflation rate of 2.5% on a yearly basis.

Finally, we analyze the business cycle implications of LAMP and obtain the optimal responses
to a government consumption shock and to a productivity shock. Under the representative agent
assumption, Ramsey-optimal fiscal and monetary policies unambiguously recommend very low and
stable inflation and minimal income tax volatility over the business cycle (Schmitt-Grohé and Uribe,
2006). Permanent debt adjustment to shocks provides the bulk of macroeconomic stabilization, and
is used to obtain tax (and consumption) smoothing. Under LAMP such use of debt is substantially
limited by the need to avoid the redistributive effects of permanent debt variations. For the planner
it is therefore optimal to let tax rates adjust more strongly to shocks. We also find a modest increase
in inflation volatility, which is exploited to drive money holdings (and consumption) of constrained
households.

The rest of the paper is organized as follows. Section 2 presents the model. Section 3 describes
the competitive equilibrium and defines the Ramsey optimal policy. In section 4 we obtain the
steady state results. Section 5 describes the optimal Ramsey dynamics and section 6 concludes.

2 The model

We consider an infinite-horizon production economy populated by a continuum of households ¢ €
[0; 1]. Monopolistic competition and nominal rigidities characterize product and labor markets.

A demand for money is motivated by assuming that money facilitates transactions. Consumption
purchases are subject to transaction costs®

Py ety  Pricei Py
s(———=), s§(——=)>0for — > v (1)
My, 7 My ; M, ; !
where Pﬁw,u is the ratio of nominal household’s expenditures to money balances and i indexes
a generic household. The features of s(P}V[%) are such that a satiation level of money balances

(v* > 0) exists where the transaction cost vanishes and, simultaneously, a finite demand for money
is associated to a zero nominal interest rate. Following Schmitt-Grohé and Uribe (2004a) the trans-
action cost is parameterized as follows

Pic i Pic i B Ve
S( ]\2-:7' ) - A ]\}:i + Ptct,i - 2 AB (2)
K K 7Mt,i

5See Sims (1994), Schmitt-Grohé and Uribe (2004a), Guerron-Quintana (2009).



The government finances an exogenous stream of expenditures by levying distortionary income
taxes and by printing money. Optimal policy is set according to a Ramsey plan.

2.1 Households

Households are distributed over the unit interval. A mass 6 € [0,1] of agents (constrained agents)
indexed by ¢, cannot participate in the market for interest bearing assets and does not own firms,
while a mass 1 — 6 of agents (uncontrained agents, henceforth), indexed by u behaves according to
the standard model and can buy and sell bonds and own firms. Constrained agents, on the other
hand, do hold money balances in order to exploit the transaction technology. All households share
the same KPR utility function

[e’e] i 1—0o, . R
U=E Y Blulcli); u(cl)= (6) 7 ozonany (3)

P 1—o0,

.where 5 € (0,1) is the intertemporal discount rate, li denotes a bundle of differentiated labor
types® and ¢ is consumption. We assume u (cf,l}) to be strictly increasing, concave (o.,y > 0)
in consumption and leisure and twice-continuously differentiable. For o. = 1t collapses to the
standard log-utility separable framework.” We are going to consider the latter case throughout the

whole paper.

2.1.1 TUnconstrained consumers

Unconstrained households maximize (3) subject to the flow budget constraint

P,ct M* B
cy<1+s(&;))+k$+é+é (4)
t

Muf 1T Rtleuf g WiTr¢ 2
1-— l o 1—96) k! ok} i1y Tt TRl Swy (TR g t
(1= 74) (wely + rike—1) + ( ) kiq + ok + P, +Pt+ P, A + 1
and under the constraints
¢ > 0,M">0,ki' >0

wy is the real wage index; 7; is the income tax rate; t; denotes real fiscal transfers; II; are firms
profits; R; is the gross nominal interest rate, Bj' is a nominally riskless bond that pays one unit of

currency in period ¢ + 1. M} defines nominal money holdings and 7; = Pil is the gross inflation

rate. k¥ denotes the capital stock held by the representative unconstrained household, r¥ is the
rental rate of capital and § is the depreciation rate. Nominal wages are subject to a Rotemberg
quadratic adjustment cost: £, governs the degree of wage stickiness. Households stand ready to
supply any labor effort required by firms at the wage rate set by unions. We assume that the
government grants depreciation tax allowances.

Given the functional form of the utility function, the production function and the functional form
of the transaction technology,® the non-negativity constraints on consumption, capital and money

6The characteristics of the labor bundle are specified in section (2.2).
"For 0. = 1, the utility function becomes wu(ci, i) = Inci + % (1 —1i)"77. For 4 = 1 preferences are
logarithmic also in leisure.

8The KPR utility function goes to —oo as consumption approaches zero. It is also easy to see that the limit of
transaction costs for money balances that approach zero is infinite. We consider a Cobb-Douglas production function
which implies that zero capital entails zero output and zero consumption.



balances are always non-binding and we can ignore them. Finally, we impose on unconstrained
households the standard no-Ponzi game condition on the accumulation of bonds:

Jim Ef7'B% > 0. (5)

The first-order conditions of the unconstrained household’s maximization problem are:’

u U’C (C,L,ll’l )
Al = e (6)
Lt (k) + s’ ()
AR
)\fzﬁEt< i1 ) (7)
Tt4+1
A = BE N [(1=Teg1) (rfy — 6) + 1]} (8)
B 211] , (cy>2
1-E —l=5(%) | % 9
! LHH At (m?) my ®)

where m} = MT: As in Schmitt-Grohé and Uribe (2004a) condition (6) states that the trans-
action cost introduces a wedge between the marginal utility of consumption, w. (¢}, [}'), and the

marginal utility of wealth, A}, that vanishes only if

<t
poea
condition, while equation (8) is a standard Euler condition for capital. The income tax distorts
capital accumulation at the margin, while this is not the case for inflation since the rental rate of
capital is not set in advance. Equation (9) implicitly defines the money demand function. Taking
into account (7), condition (9) takes the familiar form

2
1 U U
== 5/(%) (Ctu>
+ my my

where the nominal interest rate defines the opportunity cost of holding money.'?

= v*. Equation (7) is a standard Euler

2.1.2 Constrained consumers

Constrained households maximize (3) subject to the flow budget constraint!!
c Pth M¢ Mc_l gw WeTT¢ 2
Cy (1 + S( Mt“t )) + Ptt = (1 — Tt) ’U}tlt + ;t — 7lt Wiy -1 + tt (10)

The first-order conditions of the constrained household’s maximization problem are:

ue (5, 15)
= 1 s . ctg [ (11)
+ S(m;) + e (ﬁ;)

1-E, [6”1} = s’((’i) (ct)z (12)

c c C
Tit1 Ay m§~ \mg

9When solving its optimization problem, the household takes as given goods and bond prices.
0Notice that the nominal net interest rate must be non-negative, i.e. Ry > 1, Vt.
!1For the reasons discussed above the constraints ¢f > 0, M > 0 are non binding.



Constrained households’ money demand is a negative function of expected inflation and a positive
function of the expected increase in the marginal utility of wealth (12). Note that the functional
forms in (12) and (9) are identical because both households types define their current money-to-
consumption ratio taking into account the discounted payoff from carrying money into the next
period. However the imlplied money-to consumption ratios for the two types are identical only
A;\ttl = A;\—thl =1and R = % Outside the steady state the money-to-
consumption ratio of unconstrained households can always manage to equalize discounted returns
on money and discounted returns on bonds, whereas this possibility is precluded to constrained
households. As a result the policy maker may exploit the real interest rate and the level of inflation

to steer consumption decisions of the two households groups.!?

in steady state, when

2.2 Unions

Following Schmitt-Grohé and Uribe (2006), for each labor type the wage setting decision is dele-
gated to a union and each household stands ready to supply labor on demand. Households work the
same amount of time because we assume the two groups are uniformly distributed across unions, and
demand for each labour type is uniformly distributed across households, as in Gali et al. (2007).'3
Each labor union maximises a weighted average of the lifetime utility of its members subject to
their budget constraints (equations 4 and 10) and to a downward sloping labor demand function,

1
, we (j)\ 7o
L(j) =1 —= 13
¢ (J) t ( ws > (13)
where wy; (j) is the specific wage rate for labor type j, I is a measure of the aggregate labor demand
and p,, is the inverse steady state wage mark-up. The standard Dixit-Stiglitz aggregator allows to
consider a representative union. More in detail, the objective function of the representative union
is

Eo 3B 1(1— 0)u(cf 1) + Ou (5. 1)
t=0

When computing its optimal plan, the union takes into account that for each household total
worked hours are [; = fol I+ (§) dj, total pre-tax labor income is wil; = fol wy () 1: (7) dj and total

2 , 2
wage adjustment costs are 55“ 1¢ (g:—f; — 1) = %" 1¢ fol (Z’:EJI;‘) - 1) dj. The optimality condition

1S:

(A=0)uy(cy ,ls)+0ui(cf,le)
(oo + S SR

4 T (W) (19

1= py Wi—1 \Wt-1

lesr [(1—0) My + 0] |:wt+l7rt+1 (wt+17Tt+1 _ 1)]
lt [(]_ — 9) )\? -+ 9)\?] w Wit Wi

BE

12This would not be possible in LAMP models where it is assumed that constrained households cannot use money
to smooth consumption.

13Tn a separate experiment we consider also a competitive labor market in which unconstrained households and
constrained households work a different number of hours. We verified that under a wide range of different calibrations,
unconstrained households’ worked hours are very small or even zero. Moreover, the difference in worked hours between
constrained households and unconstrained households is always large. This is at odds with the data showing that
labor income is positively correlated with asset holdings (see Quadrini and Rios-Rull, 1997). Nevertheless we report
results for the competitive labor market case in section (4.3).



2.3 Labor Packers

Labor packers buy the differentiated labor types from unions and produce the aggregate labor
bundle that they rent to firms. They operate under perfect competition and solve the following
problem:

1
max wtlf —/ we ()1 (4) dj
0

s.t.

P —1
Puw

The optimality conditions are equation (13) and the wage index w; = ( fol we (§) P dj)

2.4 Intermediate Firms

The representative intermediate firm produces a differentiated good z € (0,1) under a standard
Cobb-Douglas technology

yi (2) = agly (2)“ keoy (2)7° (15)
and faces a downward sloping demand function,
P (2 T
wo =t (157) (16)
t

where a; is total factor productivity whose logarithm follows an i.i.d. normal stochastic process.
We assume a sticky price specification based on a Rotemberg (1982) quadratic cost of nominal price

adjustment:
€p 4 < P (2) )2
== — =1 17

2 Yt Pt—l (Z) ( )
where , > 0 is a measure of price stickiness. In line with Ascari et al (2011), we assume that the

re-optimization cost is proportional to output.
In a symmetrical equilibrium the price adjustment rule satisfies:

— t Au
% +&,m (m — 1) = BE, {y;x?lfp [mesr (mesr — 1)] (18)

where mc; are the real marginal costs.
Cost minimization implies that the following two equations hold:

)al (19

k= a; (1 —a)me <klt )a (20)

t
Wt = AtXMCy <kj
t—1

t—1
From (16) it would be straightforward to show that % = P defines the price markup that
obtains under flexible prices. Firm profits are

1 —« 6 arpl—a
B = aliky T = wily — rikey = S adi k] (- 1) (21)
t



2.5 Final Good Firms

Final good firms buy differentiated goods from intermediate firms and produce an aggregated good
which can be used both for private and public consumption and for investment. They operate under
perfect competition and solve the following problem:

1
max Pty;ti_/ Py (2)y: (2) dz
0

v = (/y (z)”dz);

The optimality conditions are equation (16) and the price index P, = ( fol P, (z)# dz)

s.t.

p—1

P

2.6 Government budget

The government supplies an exogenous, stochastic'* and unproductive amount of public good g;.
Government financing is obtained through an income tax, money creation and issuance of one-
period, nominally risk free bonds. The government flow budget constraint is then given by

My — M,y B

B
s R g+t =Ty (wtlt + Tfk't—l) =70kt 1 + —————— + (22)

R
=17p, P, P

Following Schmitt-Grohé and Uribe (2006), we assume that firms monopoly profits are not
taxed. This assumption is typically made in analyses of the optimal inflation rate under dis-
tortionary taxation in order to generate a non-trivial policy problem. In fact distortionary taxation
does not warrant deviations from the Friedman rule unless factor incomes are suboptimally taxed
(see Schmitt-Grohé and Uribe, 2011; and references cited therein). Maintaining this assumption
here seems appropriate for two reasons. First, there is a large literature documenting that tax
evasion and tax avoidance are related to firms rents.!> Second, emphasys on firms ability to escape
taxation is particularly relevant in our context, where concern for inequality motivates the Ramsey
planner’s decisions.

2.7 Aggregation

Equations (23)-(28) define aggregate consumption, aggregate hours, aggregate real money balances,
bonds, profits, aggregate capital and total output:

et =(1—0)c +0c (23)
my = (1 —0)mi + Omg (24)
u_ B

14We assume that the logarithm of government consumption is normal and i.i.d.

15Piketty and Saez (2012) point out that firms can escape taxation by increasing fringe benefits or by allowing
managers/entrepreneurs consumption through the use of firms goods or the use of tax heavens. For a broader
discussion see Slemrod and Yitzhaki (2002), Saez et al (2012) and Saez (2004).



L'=1— (26)
u __ ky
ki = 1_0 (27)
U qu C cc
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3 Equilibrium and Ramsey policy

3.1 Competitive Equilibrium

Definition 1 A competitive equilibrium is a set of plans
u c LAY\ u c b. R, k k t o
Ci s Cpy Cty bty Ap s Agy TICE, Trgy Wy TNy Ty Ty Yty Oty 104, Rty Ty 3 Tty Ut =0

that, given initial values {m™,,m¢ ,m_y,b_1,k_1} and the stochastic processes {g},=, and {a},.

satisfies equations (6),(7),(8),(9), (10) (11),(12),(14),(15),(18),(19),(20),(22),(23),(24),(28), the no-

Ponzi game condition (5) and the non-negativity constraint Ry > 1.

3.2 Ramsey Optimal Policy

Definition 2 A Ramsey optimal policy is a competitive equilibrium that attains the mazimum of
the following additive social welfare function

W =Eq Zﬁt((l—ﬁ)u(cg,lt)—keu (cts1t) (29)

t=0

where the Ramsey plan will satisfy the no Ponzi game condition:

Jim E ST 'Br <0 (30)

The Ramsey program is non-stationary, in the sense that in the initial period the Ramsey planner
has an incentive to generate surprise movements in inflation or taxes. We neglect these non-
stationary transitory components and concentrate on the time-invariant long run outcome, the
Ramsey steady state. This procedure is common in the literature (see for instance Schmitt-Grohé
and Uribe, 2004a).10

16Since the analitycal derivation of the first order conditions of the Ramsey plan is cumbersome, we compute
them using symbolic Matlab routines. The steady state of the Ramsey program is obtained using the OLS approach
suggested in Schmitt-Grohé and Uribe (2011). Dynamics of the Ramsey plan around the steady state are computed
using Dynare.

10



4 Ramsey Steady State

The first step in our analysis is the identification of the planner’s incentive to use inflation as a
redistributive tool, highlighting the efficiency-equity trade off. To this end we greatly simplify the
model by imposing several parameter restrictions. In Model A we initially assume that leisure is
not valued (n = 0), prices and wages are flexible ({, = £,, = 0), the discount factor 3 is 1, labor
is the only factor of production (« = 1), public expenditure, public debt and the labor tax are nil.
Moreover, we set the parameter A in the transaction technology equal to one. Finally, we consider
a separable utility function in consumption and leisure, i.e. ¢ = 1 and v = 1. The planner’s policy
instruments are inflation and lump-sum transfers.!” This allows to pinpoint the planner’s incentive
to exploit inflation to finance redistributive policies.

In the second step of our analysis, Model B, we endogeneize the labor supply, allowing for
positive values of 1, and we assume that the planner can subsidize production by levying the
inflation tax.!® The model is already too complex to obtain analytical solutions, and we must rely
on numerical methods. To facilitate comparison with model A, we keep the restrictions adopted
for g, £,, @ and §,, and maintain that public expenditure, public debt and the income tax are nil.
All the remaining parameters are set as in the full model calibration (see Table 2). This second
step will show that efficiency-enhancing policies, such as offsetting monopolisting distortions are
implemented with more strength if they also allow to reduce inequality.

Finally we compute the Ramsey solution for the full model, where the planner’s problem is
the identification of the optimal financing mix for a given level of public expenditures. This latter
exercise adds to Schmitt-Grohé and Uribe (2004a) and to Di Bartolomeo et al (2015) because we
focus on the planner’s concern for redistribution as a determinant of inflation, which remains valid
even if redistributive public transfers are not available.

4.1 Model A: the planner’s incentive to use inflation as a redistributive
tool

Definition 3 The social planner allocation in model A is defined as the pair {c*, ¢} that mazimises
(1 —0)Inc* + 01ncc subject to the aggregate resource constraint (1 —0)c* 4+ 0c® =1=1.19

Proposition 1 For 0 < 6 < 1 the optimal pair {c*,c°} is defined by ¢* = ¢© = 1.

Proof. The first order conditions with respect to ¢* and c© are respectively % =1=0_) (1-0)=

p
0 and £C = Cic — A0 = 0. Combining the two first order conditions, one obtains ¢* = ¢®. Given
the aggregate resource constraint (1 —0)c* 4 6c© = [ = 1, it is trivial to see that the solution is
c¢ = ¢ = 1. The concavity of the planner objective function makes sure that this is a global
maximum. u

The equalization of the two levels of consumption under the first best depends on our assump-

tions about the concavity of the utility function. Indeed it is easy to see that under a linear utility

I7 Alternatively, we could have set public transfers to zero and let the planner choose the labor tax optimally, as we
do in model B and in the full model. In the context of model A, a labor subsidy (tax) is equivalent to a lump-sum
transfer (tax) because the labor supply is perfectly inelastic.

18Tn model B and in the full model, we impose that public transfers are equal to zero. Absent this assumption, the
Ramsey planner would set them negative to finance production subsidies and government consumption. Imposing
zero public transfers is equivalent to constraining the planner not to use lump-sum taxes.

19The social planner problem is static. This allows us to consider the steady state solution directly.
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function only the sum of the two levels of consumption would be determined, while relative con-
sumption would not be identified. Under a concave utility function the value of a small amount of
additional consumption is higher at low levels of income than at high levels of income. The first
best allocation cannot be reached until all agents consume at the same level.

Let us now turn to the solution of the Ramsey planner’s problem.

Proposition 2 Under the parameter restrictions imposed on Model A, the Ramsey steady state
converges to the Golden Rule allocation .

Proof. See Appendix A. =m

Proposition (2) allows us to compute the Golden Rule of Model A instead of the Ramsey steady
state directly. The Golden Rule is obtained by maximising the instantaneous social welfare function
subject to the competitive equilibrium conditions after imposing the steady state on the latter.
This greatly facilitates derivation of the optimal steady state. In Appendix A we substitute the
constraints in the objective function and reduce the Golden Rule problem to a simple unconstrained
optimization in one variable.

The problem of the planner is to choose 7 to maximise

W=(1-6)Inc" (n)+68lnc(n) (31)
c* (m) and ¢ (7) are made explicit in Appendix A.
Proposition 3 For 0 = 0 the optimal steady state inflation rate is m = 1.

Proof. See Appendix A. m

Proposition (3) is the standard Friedman rule result obtained under representative agent models
when $ = 1. The absence of discounting makes sure that the planner adopts a policy in which no
new money is printed and no transfer occurs. Monopolistic competition does not affect the result
because labor is supplied inelastically and hours are always equal to one. As a result, the only
potential inefficiency comes from the presence of monetary transaction costs. At zero inflation they
are nil.

Proposition 4 Consumption inequality is strictly decreasing in inflation.

Proof. In Appendix A, we show that the consumption difference between the two households

groups is ¢ — ¢ = +\(/1;j_)£:02)\/§+ 7 Note that ¢ —¢“ = (1—p)/(1—-0)
B+7l'71 ™ B =1

™ ™

when m = 1. In this case no redistribution occurs and consumption inequality is entirely determined
by profits, (1 — p) / (1 — ). The term ——2— + /B + ==X —2/B represents transaction costs as

(r—1)/m
B

— = is the inflation tax revenue, used to finance transfers. The

a share of consumption, while

™
m—1

derivative of transaction costs with respect to 7 is = which is unambiguously positive

2m3 (Bfi+1)

for m > 1. The derivative of the inflation tax revenue is %, which is positive for = > 1.
273,/ (B—141)°
The term ¢* — ¢€ is therefore falling in inflation for # > 1. m

20Here we assume 8 = 1.
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A positive inflation rate reduces inequality for two reasons. On the one hand it indirectly taxes
consumption out of profits. As a consequence, unconstrained agents, who own firms, contribute
more to tax revenues. On the other hand inflation-financed transfers equally benefit the two house-
holds groups.?

Proposition 5 When 6 > 0 m =1 cannot be a solution to the Ramsey planner’s problem.

Proof. See Appendix A. m

Since inequality is strictly decreasing in 7, the planner faces a trade off between efficiency, which
would be delivered by eliminating transaction costs, and equity that requires the equalization of
consumption of the two agents. Failure of the Friedman rule under agent heterogeneity depends
on the fact that (31) is increasing in 7 when m = 1, i.e. the equity motive has a more powerful
marginal effect when inflation is nil.

4.2 Model B: efficiency and redistribution when the labor supply is en-
dogenous

We now endogeneize the labor supply, allowing for n > 0. Under monopolistic competition this
implies that the planner is confronted with an efficiency problem. We therefore introduce the
possibility of inflation-financed production subsidies, and investigate how the optimum subsidy is
affected by agents heterogeneity.

Remark 1 For any value of 0, an endogenous labor supply raises the optimal inflation rate. A
higher inflation rate reduces ceteris paribus consumption and leisure inequality.

In Appendix B, we show that the planner’s problem can be reduced to a system of two endoge-
nous variables, inflation and the tax rate (which is negative if production is subsidized). Figure
1 provides a graphical exposition. The schedule MW and MW’ identify combinations of inflation
and subsidy that maximise welfare when parameter 0 takes values 0 and 0.8%? respectively. Their
slopes are positive because an increase in inflation raises transaction costs and lowers the consump-
tion value of labor effort. As a result the planner’s incentive to subsidize production (and labor
effort) falls. The schedule GG identifies combinations of inflation and production subsidy that are
consistent with a balanced budget constraint. its slope is obviously negative.

1025
102 = =
B MW
< 1015 B
2
3
E
101 - A N
1.005 - —
GG
1 I I I I I I I
8 -7 6 5 -4 -3 -2 -1 0
Income Tax Rate 3

21The inequality-reducing effect of inflation would obviously be stronger if transfers only accrued to constrained
households.
22This value fits the wealth Gini index for the US as we are going to explain later on.
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Figure 1: GG: Government budget equilibrium. MW: Planner indifference curve under § = 0. MW’: Planner

indifference curve under @ = 0.8.

Note that optimality of the Friedman rule fails even under the representative agent assumption,
0 = 0. To attain the first best, the planner should set 7 = pi;;_l and subsidize labor supply to offset

distortions arising from monopolistic competition in the goodéﬂ and labor markets. But such a policy
is costly to obtain as lump-sum taxes are not available. The only way to obtain them is through
inflation, which means that to reduce monopolistic distortions, one has to increase consumption
transaction costs. The trade-off is resolved at point A, where labor supply is subsidized and the
inflation rate is above the Friedman rule level.

Under agent heterogeneity, the trade-off is resolved at higher levels of inflation and of the labor
subsidy. Indeed, the planner indifference curve shifts to the left, while the government budget
constraint is unaffected. The latter result follows from the fact that, for any given combination of
policy tools, 6 does not affect aggregate variables, i.e. total employment and consumption. The
planner indifference curve, instead, requires higher levels of inflation, i.e. of redistribution, for any
given subsidy, therefore the optimal combination of inflation and subsidy shifts from point A to
point B.

The intuition for the result is straightforward. The inflation tax is levied on individual money
holdings, so the contribution of unconstrained agents is unambiguously larger. As a matter of fact
these agents suffer from a reduction in the consumption value of firms profits. This is only partly
compensated for by the increase in labor income, that also accrues to constrained households. As
a result consumption inequality unambiguously falls in inflation.??

4.3 The full model

We now consider the full model. The time unit is a year?* and we set the subjective discount rate
B to 0.96 to be consistent with a steady-state real rate of return of 4 percent per year. As Erosa
and Ventura (2002), we set « to 64% and § to 8%. To check the effect of capital accumulation on
the optimal inflation rate we also consider the case where labor is the only factor of production
( = 1). We set p and p,, such that in the goods and labor markets monopolistic competition
implies a gross markup of 1.2, and the annualized Rotemberg price and wage adjustment cost is
4.375 (this implies that firms and unions change their price or wage on average every 9 months,
see Schmitt-Grohé and Uribe, 2004a). Following Schmitt-Grohé and Uribe (2004a), the preference
parameter 7 is such that under a zero inflation steady state the average household would allocate
20 percent of the time to work;?® monetary transaction cost parameters A and B are set at 0.011
and 0.075 respectively, and public consumption is 19% of GDP. Following Cogan et al (2013) we set
steady state public debt at 60% of GDP. To highlight the effect of steady state public debt on the
optimal rate of inflation, we also consider the case where the debt-to-GDP ratio is 80%. We also

23 A similar result holds in the model with a competitive labor market and different leisure levels for constrained
and unconstrained agents. In that case, a higher inflation rate reduces both consumption and leisure inequality.

241n setting the time unit to be a year, we follow the literature. See, e.g., Schmitt-Grohé and Uribe (2004a). Tax
rate adjustments require a political process that may take time. As a consequence, it may be difficult to change
them at quarterly frequency. We feel one year is a much more realistic time lenght. No fundamental result of the
paper depends on this assumption.

25This is computed when the public consumption-to-GDP ratio and public debt are nil. With positive public
consumption-to-GDP ratios, public debt and inflation rates, the time spent working is slightly lower. Parameter n
takes on value 2.9, as in Schmitt-Grohé and Uribe (2004a).
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experiment with different calibrations of the share of constrained agents 6, but in the benchmark
case we set it at 0.8 to match the wealth Gini index for the United States which is around 0.78 (see
Quadrini and Rios-Rull, 1997).26 In Appendix C, we report the details of the computation of the
model Gini index.

Price and wage stickiness imply an efficiency trade-off between price and wage adjustment
costs that disappears at zero inflation, monetary transaction costs vanish at negative inflation.
In addition, the introduction of exogenous public consumption expenditures makes sure that the
government has to raise some revenues using either distortionary taxation or the inflation tax.

Parameters | Model A Model B Full model Description
B 1 1 0.96 Discount Factor
«@ 1 1 0.64-1 Capital Share
é - - 0.08 Depreciation Rate
o 1 1 1 Inverse IES
ol 1 1 1 Exponent on Leisure
n 0 2.9 2.9 Leisure Weight
A 1 0.011 0.011 Trans. Cost Parameter
B B>0 0.011 0.075 Trans. Cost Parameter
p p<1 1/1.2 1/1.2 Inverse Price Mark-up
Pw - 1/1.2 1/1.2 Inverse Wage Mark-up
& 0 0 4.375 Rotemberg Par. on Prices
Ew 0 0 4.375 Rotember Par. on Wages
g 0 0 0.19 Public Consumption over GDP
% 0 0 0.6-0.8 Public Debt over GDP
0 0<f<l 0<0<08 0<60<0.8| Shareof Constrained Agents

Table 2: Calibration

Table 3 summarizes our results. Taking the labor only model as a benchmark, the first column of
Table 3 allows to identify the inflationary effects of capital accumulation and rising debt-to-GDP
ratio under the representative agent hypothesis. In the model with capital accumulation we obtain
an increase in the optimal inflation. Note that in a similar model, Schmitt-Grohé and Uribe (2006)
obtain that optimal inflation is 0.5%, slightly below our result. There are some important differences
between their model and ours that explain this outcome. Their choice of including transfers in the
public expenditure variable unambiguously raises the planner’s incentive to inflate, as shown in
Di Bartolomeo et al (2015), whereas the cash in advance constraint on firms working capital and
the (partial) taxation of profits at the uniform income tax rate work in the opposite direction.
Further, their assumption that public debt is only 44% reduces the optimal inflation rate because
debt service payments are equivalent to public transfers and the propensity to inflate rises with the
size of transfers. In fact we obtain that optimal inflation is unambiguously higher when public debt
is 80% of GDP.

Limited asset market participation has a non monotonic effect on the optimal inflation rate that
falls for & < 0.3 and rises thereafter.?” To understand this result we ran a separate experiment

26The Gini coefficient is computed for a zero inflation steady state model economy and when the public
consumption-to-GDP ratio and public debt are nil. It changes only slightly in the presence of positive levels of
public consumption and public debt.

27In 6 = 0.3 the optimal inflation rate is around 0.43%.

15



identifying the optimal inflation rate when the Ramsey planner cares only about the welfare of
unconstrained agents. A planner who cares only about unconstrained agents’ welfare would always
set a smaller inflation rate relative to the representative household case. To understand this result
bear in mind that a high inflation cum low taxation scenario raises transation costs (thus penalizing
the richer households) and raises labor incomes, thus benefitting the poorer households. Note that
constrained households, who do not own profits, are particularly penalized by the negative effect of
monopolistic competition on labor demand, whereas unconstrained households do not see benefits
from increasing their labor effort. Hence, under the Ramsey planner’s preferences (eq. 29) the
non-monotonic relationship between inflation and 6 obtains because even if a higher inflation rate
always benefits constrained agents, at relatively low 6 values such welfare gain is smaller than
corresponding welfare loss suffered by unconstrained agents.

By assuming a competitive labor market, we also introduced the possibility that individual
labor supplies be different. Note that in this case the flexible nominal wage reduces inflation costs,
but the absence of monopolistic distortions also limits the incentive to use inflation as a substitute
for income taxes. Under the representative agent assumptions the net effect is a reduction in the
optimal inflation rate by about half percentage point. Under LAMP, constrained households raise
both worked hours and consumption for any given inflation and tax rate, whereas unconstrained
households do just the opposite. By contrast, in a unionized labor market the labor effort is
identical and therefore too large (small) for unconstrained (constrained) households. Hence, in
a unionized labor market an inflation-financed tax reduction forces unconstrained households to
further increase a labor effort which is already suboptimally high at the given wage rate. By
contrast, in a competitive labor market each group can optimally adjust its labor supply to the new
policy mix. As a result, even at low values of § the optimal inflation rate increases relatively to the
representative household case.?®

=0 6=02 60=04 0=06 6=038

no capital -0.32%  -0.33% -0.33% -0.31% -0.19%

full model 0.73% 0.47% 0.45% 0.8% 2.48%

g =0.8 0.94% 0.58% 0.55% 0.95% 3.17%

max welfare unconstr. households 0.73% -0.23% -0.65% -0.89% -1.07%
comp. labor market 0.33% 0.47% 0.73%  1.51% -

Table 3: Optimal Inflation Rates

5 Ramsey dynamics

In this section we compute the optimal dynamics for the full model, in the presence of i.i.d. govern-
ment consumption and productivity shocks. We compare the LAMP model to the representative
agent (RA) model. Under LAMP we set 6 = 0.8. We consider the case with steady state public
debt at 60% of GDP. Figures 2 and 3 report the impulse response functions of the main variables
to a 1% shock.

28 Notice that we do not report results for § = 0.8 under the competitive labor market model. This is due to

the fact that when the share of constrained agents is above 63%, the non negativity constraint on worked hours of
unconstrained agents is binding. Analysing this corner solution is beyond the scope of the paper.
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5.1 Government consumption shock

The optimal response of variables to a government spending shock under the representative agent
assumption is well known in the literature (see Schmitt-Grohé and Uribe, 2004a) and the addition
of capital accumulation does not seem to imply important differences. The trade off between sta-
bilising inflation to avoid price adjustment costs and keeping the nominal interest rate constant
to avoid swings in transaction costs is resolved in favor of the former: the Ramsey planner almost
completely stabilises inflation. Public debt is used as a cushion to stabilise tax rates and is increased
permanently. Output and worked hours increase. Under LAMP debt accumulation still exhibits
a unit root, but its long-run adjustment in response to the shock is much smaller than under the
representative agent model. This happens because debt accumulation has powerful redistributive
effect in favor of unconstrained households. The planner therefore chooses to front load tax ad-
justment with such strength that consumption of unconstrained households falls even if their gross
labor income increases. The different time profile of tax rates implies that output and worked hours
are less sensitive to the shock. Finally, the inflation path is not affected by LAMP. Notice that the
optimal response to a government consumption shock does not imply a positive response neither of
unconstrained agents’ consumption, nor of constrained agents consumption. Empirical evidence on
the effect of government consumption shocks shows that private consumption responds positively,
see e.g. Gali et al (2007).29 Gali et al (2007) build a model with LAMP that is able to reproduce
the empirical evidence, but their modelization of LAMP is quite different from ours. In their model,
constrained agents do not hold money balances and cannot smooth consumption, while in our model
they can use money holdings as a store of value. Moreover, our objective is not to fit the empirical
evidence, but to outline the optimal response to a government spending shock. We find that it
is optimal to let private consumption fall following exogenous shifts in government consumption.
This result is compatible with the findings of Horvath (2009), which shows that in a wide cali-
bration range of a standard New Keynesian model augmented for LAMP and consumption-hours
non-separability, it is optimal to let private consumption fall in response to government spending
shocks.

Public Debt Income Tax Rate Nominal Interest Rate
0.4 0.04 0.05
0.2 \ 0.02 \ 0 !
0 0 -0.05
0 5 10 0 5 10 0 5 10
Inflation Consumption  Unconstrained Agents Consumption
0.05 0 0
0 \i 002 -0.02
0.04 | \
-0.05 -0.04
0 5 10 0 5 10 0 5 10
Constrained Agents Consumption Hours Output
-0.02 0.1— 0.1
-0.04 of v— 1 N
-0.06 -0.1 -0.1
0 5 10 0 5 10 0 5 10

29Further empirical evidence on the relationship between fiscal policy and LAMP can be found in
Coenen and Straub (2005) and Coenen et al (2012).
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Figure 2: Response to a government consumption shock. Blue line: heterogenous agents model. Dotted line:
representative agent model. - All responses are in percentage deviations from the steady state, apart from the tax
rate, the nominal rate and inflation. The latter three variables are 100 times the deviation in levels from the steady

state.

5.2 Productivity shock

It is well known that under sticky prices, productivity shocks cause a fall of worked hours and
a negative output gap. Under the representative agent hypothesis we observe a reduction of the
nominal interest rate and of the tax rate, which are meant to remove these effects. In fact output,
worked hours and consumption increase, and the surge in total incomes allows to reduce public
debt. The lower debt allows to reduce future taxes and to smooth the consumption increase.

Under LAMP the policy mix tilts towards higher taxes and initially lower interest rates. Worked
hours and output are less sensitive to the shock, whereas the initial fall in inflation is stronger. The
pattern of debt accumulation is quite different. In fact, debt levels remain very stable because
the tax smoothing incentive is overwhelmed by the need to limit the redistributive effects of debt
service payments.

Public Debt Income Tax Rate Nominal Interest Rate
0.5 0.2 0.1
of /T T———— 0 /\_, 0 ﬁ/
-05 — = 02 L -0.1
0 5 10 0 5 10 0 5 10
Inflation Consumption  Unconstrained Agents Consumption
0.5 0.5 0.4
-0.5 0 0
0 5 10 0 5 10 0 5 10
Constrained Agents Consumption Hours Output
1 2 2
0 -2 -2
0 5 10 0 5 10 0 5 10

Figure 3: Response to a productivity shock. Blue line: heterogenous agents model. Dotted line: representative
agent model. - All responses are in percentage deviations from the steady state, apart from the tax rate, the

nominal rate and inflation. The latter three variables are 100 times the deviation in levels from the steady state.

6 Conclusions

The main focus of this paper is to study the effect of LAMP on the optimal inflation rate in
an otherwise standard DSGE model akin to Schmitt-Grohé and Uribe (2004a). We question the
widely held belief that a higher inflation rate would necessarily penalize poorer agents who hold
a larger fraction of their wealth in the form of money holdings. Richer households consume more
and hold more money, therefore they contribute more to inflation tax revenues that can be used
to reduce the burden of direct taxes. As a result worked hours and the relative consumption of
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constrained households increase. In our full model the optimal inflation rate is 2.48% when the
share of constrained households is calibrated to fit the wealth Gini index for the US and the steady
state public-debt-to-GDP ratio is 60%. For a 80% debt ratio optimal inflation is above 3%.

Finally we obtain the optimal response to government consumption and productivity shocks.
We find that agent heterogeneity renders optimal to front-load tax adjustment in order to limit the
redistributive effects of permanent public debt variations.
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Appendix A

Proof of Proposition 2

Under the assumptions of flexible prices and wages ({, = &,, = 0), exogenous labor supply (7 = 0)
and absence of capital accumulation (o = 1) the production side of the model collapses to the
trivial equality w; = p, as can be easily seen from eq. (18) and (19). Since leisure is not valued,
households work all the time and [, = 1. The fact that the upper bound constraint on labor supply
is binding makes sure that the labor supply schedule is vertical and monopolistic competition in
the labor market is not distortive. Output and the real wage are constants. Profits are constant
too and equal to 1 — p. In such a setting, the competitive equilibrium of the model collapses to the
following system of equations:
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The Ramsey planner maximises the social welfare function under the constraints given by the
competitive equilibrium conditions, before imposing the steady state solution on the latter. Assum-
ing that public debt is nil and public consumption is zero, the Lagrangean is:3°
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Assuming 0 = 1, A =1 and § = 1, Computlng the first order conditions and imposing the
steady state gives rise to the following system of equations:
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30Notice that we include as additional constraints the lagged expectations of the private sector. This allows us to
ignore the non-stationary components of the Ramsey plan.
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The Golden rule equilibrium is obtained by maximising the instantaneous social welfare function
under the constraints given by the competitive equilibrium condition after imposing the steady state
on the latter. In this case the Lagrangian is:
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+¢5 [t—(1—0)(m*— ") =0 (m® — 2]

Computing the first order conditions and taking their value for § = 1 gives again equations

(37)-(42).
Proof of Proposition 3

Imposing the steady state condition on equations (32) and (33) and making them explicit, we obtain

that ;L—l; = ;:c =4/ ”ﬂ;ﬁ + B.3! Assuming that debt and public consumption are zero, we can solve

equation (36) for ¢ and substitute the value we obtain in equations (34) and (35). Imposing the
steady state on the resulting equations and substituting for the consumption to money ratio, we
get:

ct=c (1—p)
+(1f9)(1+2\/ﬁ72\/§) (43)

=1

Pt 7=
o VLD (44)

(1+2/=2+B-2VB)

=1 -1 T—1
h — 1 U i C T T
where ¢ = (1—0)¢ \/W;B+B+QC J=ETB’ C\/”;H+B

defines the increase in labor income

caused by the transfer financed by the inflation tax, o 1+2\(/1;szﬁ_2 \/E) defines unconstrained
agents’ consumption out of profits. It is now straightforward that c* — ¢¢ =
(1=p) — falls with inflation.
B o
(1—9)<<1+ - +B+7ﬁ—2\/§+7%>)

31Here we are again assuming that A=1.
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Solving the system given by equations (43) and (44), we can express consumption of the two

agents as a function of inflation only. We obtain:
c(m) = (45)
=1
ol 140 V#*B _ +a=p)
/=8 B _oVE 3 _
1-6 v +B+\/7r ! : B+\/ ;ﬂJrB(l ! =
p+ ( ) (Q)Q \/wfeJrB
-1 (1-0) 5% T
14+y/ =24+ B+ —=L——-2VB+0 T — e
\/WT%"'B R 1+m+\/&+3—2\/§+\/w;;+3(179)
L] B =
1+ +B+ s 2VB + \/@(1 0)
c(m) = (46)
=1
o1+ e
1+ "ﬂB+B+\/ﬂBﬁ —2x/§+\/ = (1-6) B
m—1)2
- a-0l5)
S Y= TN
1+4/ 7= +B+m 2\/§+\/%(1 )

1+ 1B+ L 2/B+96
VB VB + 7

We can now set 5 = 1 again and rewrite the Golden Rule problem as an unconstrained opti-
mization in just one variable; i.e. inflation. The problem is the following;:
(47)

max (1 —0)log(c*(m)) + flog (c (7))

where ¢° (), ¢* (7) are defined by eq. (45) and (46) respectively. To prove proposition (3), we
assume 0 = 0. Then we compute the first order condition of problem (47) using symbolic Matlab

routines and we obtain the following expression:
m=1 1
T on2 1
VB =0 (48)
m—1 n—1 B
(= +B) <1+ w+B+/W2‘/§)
It is easy to see that the solution of equation (48) requires m = 1.%2
Proof of Proposition 5
The first order condition of problem (47), for § > 0, reads as follows:
¢ () 0 ¢ (m)
_ 49
1—6c¥(m) (49)

o ()

32Equation (48) is never equal to zero for m # 1 and its derivative (the second order condition) is negative in w = 1,

hence m =1 is a global maximum.
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c’(r=1)
et (r=1)

6_< (=1 T4 show that S"=Y < 1, consider again that c*—c® = (=p)/(1-6)

<land1l=

To prove that zero inflation cannot be a solution, it is enough to show that

T=0 o (r=T) i (r=1) ) 1+ Bfi% +VB+ZL —2VE+- <WB::>W/é
=(1—-p)/(1—0) when 7 = 1. Then note that

() G-

(1—0)c" (m) + 0c () = 5 (50)
2m/”7*1+B(23—2\@,/%1+B+%l+,/%1+3)
Expression (50) collapses to zero if 7 = 1, hence 1 = —ngu,((i i)) holds. We now show that
(47) is increasing in 7 when 7 = 1 that is
9 ! ]_ - 6 7
I — = 1 - Y = 1 O. 51
e =0 e (= 1) > (51)
Since we showed that (1 — ) ¢ (r = 1) = —0c” (7 = 1), we can rewrite (51) as follows
/ 1 1
Oc* =1 — >0 52
=0 (zr=n -~ smon) 52)

which holds because ¢¢(m = 1) < ¢*(m = 1). Since transaction costs are strictly increasing in ,
this is enough to prove that the optimal inflation rate is positive and finite.

Appendix B

The competitive equilibrium conditions are given by equations (32), (33) and:

v By mi sy (1—p)l  ReaBl
! (1+s(§;)>+my+é:(1_n)pzt+ ;t1+(1f;‘*+ : }tt : (53)
t
CC C
e (1 +3(mtc)> i = (1 =7 plo+ = (54)
t

(1= 74) ppoy, = 1%& [(1 —0)ct (1 +23(ju) - 2\F> +0c <1+23(ft) —2\/§>] (55)

t
-1 mf_l Bt
0 - — 56
)+ G% Ft)+ﬂ (56)

Equations (32), (33) and (53)-(56) can be combined to obtain the consumption levels of the two
agents as a function of inflation and labor taxes, i.e. ¢! (7,7), i = u,c.

By
Rth

+g—Ttplt+(1—9)<

The latter two equation can in turn be used to express also equation (56) as a function of labor
taxes and inflation only:

™ ™

BUDG (r,7) = 7pl + (1 — 6) (mum> +9<mcm> .
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U C % B %
where | = 1 — ﬁ [(1—0)c (m,7) + 0c§ (m, 7)) <1+2A\/A+ 2\/AB> and m' =

c(m,7) /ﬁ, i = u,c. After setting 8 = 1,3* the problem of the planner can be written
as: "

max W (m,7) = (1—0)log (c* (7, 7)) + Olog (c° (w, 7)) (57)

m—1
n _ U c ™ +B _
+nlog (=) [(1—0)ci (m,7) +0ci (m,7)] | 1+ 244/ 1 2V AB (58)

st BUDG (m,7)=0

Using symbolic Matlab routines, we compute the first order conditions of problem (57). We
define ¢ the Lagrange multiplier on the government budget constraint and obtain:

oW (m,T) OBUDG (m,T)

or =9 on (59)
oW (m,7)  OBUDG (m,T)
or =9 or (60)
BUDG (m,7) =0 (61)
Combining equations (59) and (60), we can write
OW (w,7) ,0BUDG (w,7) OW (m,7) ,0BUDG (7, T)
/ = / (62)
om or or or

that describes the planner’s desired marginal rate of substitution between inflation and the labor
tax, which implies an increasing relationship between the two instruments. The intersection between
it and equation (61) is the solution to the planner’s problem.

Appendix C: Wealth Gini Index

The steady state wealth of constrained agents is given by their money holdings, m°. The steady
state wealth of unconstrained agents is given by their money holdings, their holdings of public debt
and capital and their holdings of firm shares. Letting the real steady state value of firms be ¢, we
can define the wealth of constrained agents (w®) and unconstrained agents (w*) as:

w® =m° (63)
b+k
w' = m¥ + %_gq (64)

Notice that the value of firms is given by the discounted value of future profits. In the deter-
ministic steady state, future profits are known and constant, hence firms can be priced using the
pricing formula of a perpetuity:

1 I g 1
R—1P 1-8P

q= (65)

33Tt can be shown that the equivalence between the Ramsey steady state and the Golden rule equilibrium when
B =1 holds also under model B.

26



Total private sector wealth is given by w = m + b+ k + q. Constrained agents, who represent
a share 0 of the model population, hold a fraction 6~ of total wealth, while unconstrained agents

hold a fraction of wealth equal to 1 — 0%0. Figure 4 reports the Lorenz curve for § = 0.8.
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Figure 4: Blue Line: Lorenz curve. Dotted line: line of full equality.

The Gini index is given by 1-2B, where B is the area reported in Figure 4. Area B can be easily
computed, using the formulae for the areas of triangles and trapezoids, hence the Gini index is

gt (14022)(1-9)
1_2( iy )
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