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Abstract

In this paper, we analyze the implications of price setting restric-
tions for the conduct of cyclical fiscal and monetary policy. We con-
sider an environment with monopolistic competitive firms, a shopping
time technology, prices set one period in advance, and government ex-
penditures that must be financed with distortionary taxes. We show
that the sets of (frontier) implementable allocations are the same in-
depedendently of the degree of price stickiness. Furthermore, the sets
of policies that decentralize each allocation are also the same except in
the extreme cases of flexible and sticky prices, where the sets are larger
but still include that same set of policies. In this sense we establish
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an irrelevance or equivalence of environments. We also describe the
minimal set of instruments, in the different environments, and thus
discuss equivalence and neutrality of fiscal and monetary instruments.
If the government cannot issue state contingent debt, it is still possi-
ble to implement the common set of allocations with high volatility of
consumption taxes and labor income taxes.

1 Introduction

In this paper, we analyze the implications of price setting restrictions for the
conduct of cyclical fiscal and monetary policy. We consider as the bench-
mark a stochastic dynamic general equilibrium economy with a transactions
technology and monopolistic competitive firms that set prices contempora-
neously. This economy is compared to the same economy with prices set in
advance and to an economy with both flexible and sticky firms. We charac-
terize the sets of fiscal and monetary policies and equilibrium allocations that
finance exogenous government expenditures, i.e., the sets of implementable
allocations and policies.

We show that the sets of (frontier) implementable allocations are the same
independently of the degree of price rigidity. Furthermore the sets of policies
that decentralize each allocation are also the same except in the extreme
case of flexible and sticky prices, where the sets are larger but still contain
that common set of policies. In this sense we establish an irrelevance, or
equivalence, of environments. This equivalence would be lost if we were to
consider idiosyncratic shocks. The sets of allocations would, then, depend on
the degree of price rigidity. However the sets of policies would not. In this
stricter sense there is still an irrelevance of environments.

The sets of policies, common across environments, that decentralize each
allocation are characterized by the following principles: Money supply policy
is conducted so that there are no surprises in prices, as under sticky prices;
fiscal policy is conducted so that there are no surprises in mark ups, as under
flexible prices. In each extreme environment there are other policies that
decentralize each allocation. In particular, under sticky prices, fiscal policy
is not uniquely pinned down. In this sense there is short run neutrality of
taxes which is analogous to the neutrality of money under flexible prices.

In the mixed economy with both flexible and sticky firms, fiscal and
monetary policies are pinned down, according to those principles. When



the common policy is followed, in this mixed environment the same set of
allocations can be achieved as under flexible and sticky prices. This set
constitutes a frontier of allocations, so that it is uniquely optimal to conduct
fiscal and monetary policies so that there are no surprises in prices and mark
ups. Thus, fiscal policy should be conducted as if prices were flexible.

We further characterize the set of frontier allocations by showing that,
independently of the degree of price stickiness, that set is characterized by
the Friedman rule, of zero nominal interest rates, and by full taxation of
profits.

We describe the minimal set of instruments, in the different environ-
ments, and thus discuss equivalence and neutrality of fiscal and monetary
instruments. In particular, we show that, if the government cannot issue
state contingent debt, it is still possible to implement the common set of al-
locations with high volatility of consumption taxes and labor income taxes.

Under flexible prices, there are many money supply policies that decen-
tralize the same allocation. Either this neutrality or the equivalence of the
consumption and labor income tax is lost if there is no state contingent debt.
This means that either the price level or the variability of the consumption
tax are pinned down when public debt is not state contingent. The principle
is the one of a fiscal theory of the price level gross of consumption taxes.

The neutrality of taxes under sticky prices is also lost when public debt
is not state contingent. In fact real state contingent debt can be simulated
with variability of consumption taxes. Both the neutrality of money and
the neutrality of taxes are not present in the mixed economy. Fiscal and
monetary policy must be conducted in a single way so that there are no
surprises in prices or mark ups. When public debt is not state contingent,
the variability of the consumption tax and labor income tax are also pinned
down.

We also consider the relevance of the restriction on taxes that they may
not be state contingent. This restriction is not binding when the optimal
policy is to set constant distortions across states, unless public nominal debt
cannot be state contingent. In line with previous literature, as in Lucas
and Stokey (1983), Chari, Christiano and Kehoe (1991), or Zhu (1992), we
analyze the conditions under which it is optimal to set constant distortions
across states. When the restriction is binding, policies and allocations will
depend on the degree of price rigidity. The equivalence of environments is
lost.

This paper is related to Adao, Correia and Teles (2000). They analyze a
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similar environment to the one in this paper, but restrict policy instruments
to monetary policy and lump sum taxes. Because of the non negativity of the
nominal interest rate it is not possible to eliminate the mark up distortion
arising from monopolistic competition. The two other restrictions, prices
set one period in advance and the cash in advance restriction can be elimi-
nated. They show that the Friedman rule is optimal, but that in general it
is not optimal to replicate the flexible price allocation. Under flexible prices
the Friedman rule is optimal so that proportionate distortions are constant
across states. The flexible prices allocation is optimal whenever, under sticky
prices, it is optimal to set constant distortions across states. Adao, Correia
and Teles (2000) identify the conditions under which it is optimal to do so.
They conclude that when there are shocks to government expenditures it is
not optimal, in general, to smooth proportionate distortions, and therefore
replicate flexible prices.

Another closely related paper is Adao, Correia and Teles (1999), where
the point is made that the policies that decentralize the optimal allocation
are independent of the degree of price or portfolio rigidity. For this reason
they argue that the strength of the monetary transmission mechanism is not
relevant for policy.

This paper builds on the recent literature on cyclical monetary policy
with nominal rigidities, such as Ireland (1996), Carlstrom and Fuerst (1998b),
Carlstrom and Fuerst (1998a), Goodfriend and King (1997), King and Wol-
man (1998), Khan, King and Wolman (2000), Rotemberg and Woodford
(1999). It also builds on the literature on the Ramsey fiscal and mone-
tary policies, such as Lucas and Stokey (1983), Chari, Christiano and Kehoe
(1996), Correia and Teles (1996, 1999), Siu (2001) and Schmitt-Grohe and
Uribe (2001b). Goodfriend and King (2000) belongs to both literatures.

2 The model

The environment is a standard real business cycles model with labor only
to which we add restrictions on transactions and the setting of prices. The
agents are identical households, a continuum of firms indexed by i € [0, 1],
and a government. Each firm produces a distinct, perishable consumption
good, indexed by . The production uses labor, according to a linear tech-
nology. We impose that transactions must be made according to a shopping
time technology as in Kimbrough (1983) and De Fiore and Teles (1998). A



fraction of firms are restricted to set prices one period in advance. Exogenous
government purchases must be financed with distortionary taxes.

The state of the economy is represented by the random variable o; € ¥,
that follows a Markov process. There are government purchases shocks,
Gt = G(oy), and productivity shocks, s; = s(oy).

Households The households start period ¢t with nominal wealth W,,
and decide to buy money balances, M;. They also buy Bfﬂ units of money
in nominal bonds that pay R, 1B, units of money one period later; and
Z}l, units of state contingent nominal securities, that cost z;4; in units of
currency today, and each of them pays one unit of money at the beginning of
period t 4+ 1 in a particular state. They can also buy A(7);;1 units of stocks
of firm ¢, that cost a(i); in units of currency. At the end of the period, the
households receive the labor income, W;N;*, and the profits from the firms
I, = [, I,(i)di.

The two sources of income, labor income and dividends, are taxed at the
rates 7¥ and 7¢. There are also consumption taxes, 7¢.

We assume a transactions technology, as in De Fiore and Teles (1998),
that relates consumption, money balances and shopping time N/

M,

N: > UCh s
Ty

) (1)

where P, is the aggregate price level,

zﬁzL/H@ﬁﬂmrﬁ.

In order to guarantee that consumption expenditures are non-negative, 7§ is
restricted to be 7§ > —1. The transactions function [ is homogenous of degree

k > 0. It can thus be written as I[(Cy, m;) = L (%) C¥, where m; = %.
t Ti) Lt
We restrict L' < 0, and L” > 0. We define the point of full liquidity as &
where L' (%*) = 0. Furthermore we assume that at that point time used for
transactions is zero, L (%*) = 0. This implies that [ = 0 at that point.

The budget constraints of the households can be written as

1
<M+M+&ﬁwm+/A@mmmgwt (2)
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Wi = M+ RBM+ 2, — (1+479) / Py(i)es(i)di + (3)
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Initial nominal wealth, Wy = W, — fol a(i)odi, is given. Given the total
available time, normalized to one, we can write labor, N;*, as

M,
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t

The preferences of the households are given by

U= E, {Z Bt (C,, ht)} (5)

over leisure, h;, and the composite consumption good,

C, = [/Olct(i)‘)foldir%,e> 1. (6)

The first order conditions of the households problem include the following
marginal conditions:
(i) _ (Pt(i>)_9 1)
Ct B Pt

UC(t> — Uh(t)lc(t> - (1 + Tf)Pt

up(1) (-mw )
i (glj;ut)ig;t (Re—1) (9)

(1 f};(;))wt e [Rt“ (1ﬁ—ui ;S;/)t“] h
Zty1 = ﬁuh(t +1) Ry (1 —1)Wy (1)

up(t)  Re(1—7¥0)Win
a(i)t = ﬁEt [Zt+1 [a(i)t+1 + (1 — Tf)H(Z)t]] =0 (12)
From these conditions we get Fiz;,1 =

_1
Riq1”
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Government The government must finance a given path of government
purchases (Gi),~,, such that

1 o
G = U gt(i)e%di] >0 (13)
0

Given the prices on each good, P;(i), the government minimizes expenditure
on government purchases by deciding according to

G, \ b
A government policy consists of a sequence of a government expenditures,
money supplies, taxes and debt supplies indexed by dates and states,

(Ge, My, Ry, 75, 7, 7, BY, Ztg+1)zo. The following restrictions apply to
the tax rates: Ry > 1, 7¢ > —1, 7% < 1, 7¢ < 1. If R, < 1, it would be
possible to make infinite profits issuing debt and holding money. If 7§ < —1,
the consumers would be able to purchase an infinite amount of consumption.
If 7¢ > 1, labor supply would be zero. Finally, if 7¢ > 1, it would be optimal
to minimize profits.

Firms In this economy there are 0 < a < 1 firms that set prices one
period in advance. The remaining firms set prices contemporaneously. Each
firm ¢ has the production technology

yi(i) < seni’ (7) (15)

where (i) is the production of good ¢ and s; is an aggregate technology
shock. y;(i) can be used for private and public consumption, y.(i) = ¢;(7) +
9:(1).

The problem of the firm is to choose the price in order to maximize profits
that can be used for consumption in period ¢+ 1 taking the demand function,

yty<:'> _ (Pp()) (16)

as given, where Y; = C; + Gy, and satisfying the technology constraint, (15).
The demand is obtained from (7) and from (14).



The firms that can choose prices every period, at each date ¢ maximize

the nominal value of profits B [241(1 — 7¢)I1,(4)] = (l%g)ﬂt(i) where

Ht(i) = Pt@)yt@) - th?}@)

Since the consumption tax is restricted to be 7§ > —1, the maximization of
the nominal value of profits also maximizes the value in units of consump-
tion. Since 7¢ < 1, the maximization of (l%g)ﬂt(i) is equivalent to the
maximization of I1;(¢), where P;(7) satisfies the demand function (16). The

firms choose a single price according to

: 0 W

The price is set equal to a constant mark-up over marginal cost.

We consider now the problem of the firms that set the prices one period in
advance, and can only sell output in period t at the previously chosen price.
As of time ¢, the firms are constrained in terms of the price at which they
can sell, but are not constrained in terms of the quantity. Thus, at time t,
and given a previously chosen price, they do choose quantities to maximize
profits. These firms sell the output on demand in period ¢ as long as the

value of profits is non negative, E; [z41(1 — 79)IL(2)] = %:fd)ﬂt(i) >0. If
this value was negative the firm would choose to produce zero. We make
assumptions on the mark up %1) and the magnitude of shocks to guarantee
that the profits when the firms sell the output on demand are non negative
in every state.

When firm 7 sets prices one period in advance, it solves the problem of

choosing at ¢t — 1 the price P;(i) that maximizes the value of profits, i.e.
Ei oy [22051(1 = 77) (Pu()yi (i) — Weny? (4))] (18)

The firm’s problem is to maximize (18) subject to (15) and (16).
The firms will choose the price according to the following first order con-
dition

(17)

E,_, {ztth(l 0 (1 — ﬁ%)} =0 (19)

Using (11), this can be written as

(s




Therefore, the price chosen by the firms that set prices in advance is

P(i) = P = W%OUEH {Ut%] (21)

where,
(1 _ d) up(t+1)Ret1 s
t (1—T%”+1)Wt+1 t

Uy

- u 1R )
Epa (1= )by

Firms charge a mark-up over the expected value of a weighted marginal cost,
where the weights depend on period ¢ + 1’s marginal utility of consumption,
the price levels, the nominal interest rates and the velocity shocks as well as
on period t’s output of the sticky firms.

Market clearing The market clearing conditions are
s s __ 8
Cy T 9 =Yy (22)

o +gf =yl (23)
ayf +(1—a)yl = s (1 —hy —1(Cy,my))

Bl =B
Z%, = Z{_,, for all possible states at t + 1

3 Implementable allocations

In this section we show that the sets of implementable allocations are the
same in the two extreme environments, under flexible and sticky prices. Fis-
cal and monetary policies affect the economy very differently in the two
environments. However it is still possible to decentralize the same set of
allocations. The nominal rigidity gives rise to an additional distortion. Still
it does not restrict the set of implementable allocations. Even if it neutral-
izes the effect of fiscal instruments, as we will discuss in the next section,
it generates the monetary non-neutrality that can be used to achieve the



same set of allocations as under flexible prices. In this sense the nominal
rigidity is irrelevant for the choice of the optimal allocation. In the interme-
diate case, where the economy is composed of both firms that set the prices
contemporaneously and firms that set prices one period in advance, the set
of implementable allocations is larger, because it includes allocations where
relative prices are distorted. However we will show that there is a frontier
of allocations that coincides with the implementable set in the two extreme
environments.

Adao, Correia and Teles (2002) discuss the issue of whether to one mon-
etary policy can correspond multiple allocations both in flexible and sticky
price environments. They show that when the policy is defined in the way we
do it here, that is, monetary policy is defined by a path of interest rates and
a path of money supplies, it is the case that for each policy there is a single
allocation. This means that for each specific allocation that is feasible and
implementable there exists one policy that implements only that allocation.

The set of implementable allocations must include the intertemporal bud-
get constraint of the households

Eq Z Qi1 {(1 + 7)) PCt + Mt(QQt - 1)}

=0 t+1

= E() Z Qt+1 [(1 — T;‘U)m (]_ — ht — Z(Ct, mt)) — (1 — Tf)Ht} + Wa
t=0
where QQ; = H;:o zj, Qo = 1. The profits, II;, are
I = ay; (Pf— ?) +(1—-a)y (Pf - ?)
t t

B R4 1 (1—T8)Wo uy, (t41)
Ro(l—T;“Jrl)WtJrl uh(O)

The intertemporal prices Q11 = can be replaced

to obtain:
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where w;, = 2 is

Py
- (0-1)] 71
WZPWﬁ“WG—M@Q ]

where wf = P] ,7=1[f,s. Let W, = 0. Then, the intratemporal conditions,

(8) and (9), can be used to replace 7§ and Ry, to obtain

- 1-7rH 11

%EQW{M@Q—W@u—m—u—mw»—ww%t%%%}—o

(24)

We also use the fact that the transactions technology is homogeneous of
degree k.

From (17) and (19), and using the law of iterated expectations as well

s (10), the price setting conditions for the flexible and sticky firms are,

respectively,

5:901& (25)
Thus, we have, for ¢ > 1,
[0t

Real profits, on (24), are
m g1 1 (11
—t — )+ — = 28
From (25) and (27), we have
) Ht (1—7§) 1 1 yg 1
E E = 0)—=% Sl — - — l1—a)Z— (2

0

B0y o) 0 1 b= 1) 5

The degree of price stickiness o does not restrict the value of profits, and

therefore the government, or households, equilibrium budget constraints, as
stated in the following lemma.
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Lemma 1 The restriction on allocations {Cy, hy,my} from implementability
condition (24) is the same for any 0 < a < 1.

Proof From (29), the value of profits from ¢ = 1 on is the same for any
a. At time 0, any value of non negative profits can be achieved with any
one of the three instruments wj, 78 or 7%, for 0 < a < 1. When a = 1,
the instruments are wg, 7¢ or 7%, and when a = 0 these are 7¢ or 7¥. All
these instruments are equivalent instruments in what concerns their effect on
profits.H

From (6), (7), (13), (14), (22) and (23), we can write the resources con-
straints as

w{ 1-6 1—60

al— +1—a (Ci+ Gy) =i (30)
¢
5 0—-1| 1-0
wt s
a+(1-a) ($> (Ci + G) = y; (31)
¢

ay; + (1 —a) ytf = (1 — hy = 1(Cy,my)) (32)

-0
0—-116-1 s\ 0—1 6—1
Let D(Z—g)z {a la—k(l—a) (Z—{) ] +(1—a) {a (%) +(1—o¢)]
Then, from (30), (31) and (32), we have
wf
Ct+Gt = D(E>St (1 —ht—l(C't,mt)) (33)

t

The implementability conditions for the allocations {C}, hy, m;} and {yg, y{; } ,

real wages {w{ : wts} , and the taxes {7¢, 7} } are (24) and (29), the resources

constraints, (33), and for period ¢ = 0, (30), (31) and (32), as well as the
price setting conditions, (25), (26). The restrictions on taxes and profits also

apply.
In the following proposition we state that the sets of implementable allo-
cations are the same in the extreme cases of flexible and sticky prices.

Proposition 2 The sets of implementable allocations coincide in the cases
where o = 0 and o = 1.
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Proof Under flexible prices, when o = 0, the set of implementable allo-
cations {Cy, hy, m;} and taxes {r¢, 7} are given by

= Ep Zﬁt {uc(t)Cr — un(t) (1 — he — (1 = K)I(2))} — (34)

EoZﬂuh o b= 1) 5,

together with the resources constraints,
Ct + Gt = St (1 — ht — l(C’t,mt)) (35)

When « = 1, the set of implementable allocations {Cy, hy, m;} , real wages
{w,}, and taxes {7¢,7}, is given by

= E, Zﬁt {uc(t)Cy —un(t) (1 — hy — (L = k)I(t))} —

O 0=t —10) (2 1) -

B me% (1= by~ 1(1))

and the resources constraints, (35). Under sticky prices there is an additional
instrument at time 0, which is the surprise effect of monetary policy on wy.
However, as was stated in lemma 1, the effect on profits of wy can be achieved
under flexible prices with 7¢ or 7%. 1

In the mixed economy with both flexible and sticky firms, where 0 < o <
1, the set of implementable allocations is a larger set. However, there is a
frontier of allocations that coincides with the sets under flexible and sticky
prices. The other allocations, such that relative prices are distorted, are
interior allocations that would not be chosen for any government preferences
that depend on aggregate consumption and leisure. We state this in the
following lemma and proposition.

Lemma 3 When 0 < a < 1, there is a frontier of allocations with w; =
w! = —s t>0.
t ts
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a set of allocations that is independent of a. By setting w; = w] = ==s,
t > 0, the set of implementable allocations will be given by (24) together
with the resources constraints, (35). If the policy was such that w # w/,
then the resources constraint would be satisfied with inequality,
w!
Cy+ Gy = D(w—ts)st (1 — hy — U(Cy,my))

t
f
since D(%) < 1 iff wy # w] .M
Thus, allocations are not dependent on the value of alfa, i.e., on the
strength of the monetary transmission mechanism. We state this result in
the following proposition:

Proposition 4 The set of (frontier) implementable allocations is indepen-
dent of the degree of price stickiness, 0 < a < 1.

4 Decentralization

In this section we discuss how the allocations in the common set of imple-
mentable allocations can be decentralized with the policy instruments de-
scribed above, in the different environments. This will clarify how the policy
instruments affect the economy depending on the price setting restrictions.
In each environment, for each allocation we can recover the taxes, the
debt and monetary policies and support that allocation. We can use the
following equilibrium condition, that is independent of «, to recover the
nominal interest rate,
() = teW Zun®le®) B gy g (36)
un(t)
The taxes on profits will not be unique, and they can be determined by the
single equation, (29).
We have shown that the planner’s choice will always be characterized
by w] = w{ . We can characterize additional properties of the frontier. This
frontier is the set of implementable allocations from which any planner whose

preferences are on aggregate consumption and leisure will chose. We will
restrict further the set defined by (34) and (35).
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For any degree of price stickiness, a, the choices of 7¢ and m; are inde-
pendent of government preferences. Because profits cannot be negative, it is
optimal to tax profits completely, 7¢ = 1. Since at 7¢ = 1, the production
decisions are indeterminate, we consider the case of 7¢ arbitrarily close to
one. The government can decentralize the same allocation as in the perfect
competition case.!

The choice of {Cy, hy, mi}72,, is subject to

Ey» B {uc(t)Cy — un(t) (1 — hy — (1= k)I(t)} = 0

t=0

and (35).

Whatever are the preferences of the planner, and including the ones of
the benevolent planner, the first order conditions of the planner problem for
real money m; are

b () [Mese — @ (B = 1) un(t)] = 0
The optimal solution is thus always characterized by
—ln(t) =0
which is decentralized with the Friedman rule
R, =1

This is the result of De Fiore and Teles (1998), for the deterministic
case, that extends the result of Correia and Teles (1996) when instruments
include consumption taxes. The result is in contrast with Mulligan and Sala-
i-Martin (1996) and Schmitt-Grohé and Uribe (2000). Mulligan and Sala-i-
Martin (1996) use the specification of the transactions technology proposed
by Kimbrough (1986) that was not restricted to exhibit unitary elasticity of
money with respect to the price level gross of consumption taxes. Schmitt-
Grohe and Uribe (2000) don’t allow for complete taxation of profits and/or
for consumption taxes. The inflation tax is replacing the consumption tax,
with an efficiency loss.

IFull taxation of profits could also be achieved with an arbitrary large consumption
tax and an arbitrary low labor income tax.

15



Because the choice of real money balances when R; = 1 is indeterminate,
we consider the limiting case, when R; approaches one.

In characterizing the set of implementable allocations, we have considered
that the government can issue state contingent debt, and collect state contin-
gent consumption taxes, labor income taxes and profit taxes. Not all these
instruments are necessary, to decentralize the sets of allocations identified
above. In particular, there are ways of simulating state contingent real debt,
when the government issues risk free nominal debt, even in a world where
price variability is costly. This is related to the issue addressed by Chari,
Christiano and Kehoe (1991), and recently by Siu (2000) and Schmitt-Grohe
and Uribe (2001).

Chari, Christiano and Kehoe (1991) show that in the absence of state
contingent debt the price level can react to shocks so as to simulate state
contingent real debt. The high volatility of prices associated with such a pol-
icy lead Siu (2000) and Schmitt-Grohe and Uribe (2001) to analyze optimal
policies with sticky prices. They find that the price volatility is substantially
reduced once costly price adjustments are considered. The planner that has
to compare the costs of changing prices with the gains of simulating state
contingent, decides in favor of very low costs of changing prices. It turns
out that this result is due only to the fact that both authors do not con-
sider consumption taxes. With consumption taxes it is possible to simulate
state contingent debt, still keeping the prices from changing in response to
contemporaneous shocks. With flexible prices, state contingent debt can be
simulated with price volatility or consumption tax volatility.

When there is a share of sticky firms, the set of (frontier) implementable
allocations is such that prices are predetermined. Thus each of the allocations
in the set of implementable allocations described above, will be achieved
with high volatility of both consumption and labor income taxes, with the
objective of simulating state contingent real debt.

Under flexible prices, the three instruments are equivalent: state contin-
gent debt, unanticipated money supply policy and consumption taxes. Chari,
Christiano and Kehoe (1991) needed only one instrument to simulate state
contingent debt and they chose to use unanticipated money supply policy.
With sticky prices, the three instruments are no longer equivalent. Both in-
struments are necessary to decentralize the optimal allocation: unanticipated
money supply policy and the consumption taxes. Therefore the optimal pol-
icy pins down consumption taxes. As with prices in Chari, Christiano and
Kehoe (1991), the taxes on consumption will be highly volatile to replicate
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state contingent real debt.

4.0.1 Flexible prices

For each allocation we can recover the taxes, the debt and monetary policies
that support that allocation using the following equilibrium conditions,

(uc(t) — un(t)lc(t)) (1+75) 0

un(?) =12 (37)
(L+75)Pomy = My, t >0 (38)
uc(t —1) —up(t —lc(t —1) B (uc(t) — un(t)lc(t))
(1475 )P =FEi 1 | Ry (1+70)F, ,t>1
(39)

EY B {uc(t+5)Crys — un(t + ) (1 = hyps — (1= k)t + 5))} (40)

W,

= R t) — ic(t) —————,t >0
where
W, = M, +R_\B" , +2Z'— (1+71PC, + (41)
uh(t)

c

ue® —wn(@ie(n T e 0)

If there are no consumption taxes, 7§ = 0, and if public debt is not state
contingent, then {7¥, M;, B{} and {F;} are uniquely pinned down. From
(37), 71 is determined in each date and state. Let ®; be the number of
states in period t. ®; = 1. Conditions (38) and (40), for ¢ = 0, determine
My and Py, since Wy is given. At ¢t = 1, there are 2®; + 1 equations,
(38), (39) and (40), to determine, 2®, + 1 variables, M;, P, and Wy or
Bj. Using this argument we are able to determine the policy variables for
any t. In this case the price level variability simulates real state contingent
debt. Alternatively, without labor income taxes and state contingent debt,
can determine {7¢, M;, B} and {P,}. Also here the price level variability
simulates real state contingent debt. The two minimal sets of instruments are
equivalent sets, in the sense that they are alternative policies that decentralize
the same allocation.
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When the set of instruments is the labor income tax, 7}°, money supply,
M;, and state contingent debt Z7, in this case there is a unique tax policy
{r¥} , and multiple paths for money supply, {M,}, corresponding to multiple
paths for the debt {Z7} and the price level {P,;}. The same is true if instead
of the labor income tax, a consumption tax is used. These are all equivalent
policies that exhibit a (fiscal) neutrality of money under flexible prices. If
both taxes are considered and debt is not state contingent, there are still
multiple paths for the money supply, {M,}, and the price level gross of con-
sumption taxes {(1+ 7¢)P;}. Real state contingent debt can be simulated
with the variability of both the price level and the consumption tax.

There is one money supply and tax policy such that the prices are pre-
determined, as under sticky prices. The price is determined by

Uo(t — 1) — Uh(t — 1)lc(t — 1)
(I+7i4) P
1 B (uc(t) —unt)lc(t))

= EEt—l Rt (1_’_7_?) )

4.0.2 Sticky prices

Under sticky prices there is only one price to determine in each period, but
there are also less equilibrium conditions that can be used to recover the
policy variables. When all the firms set prices one period in advance, the
relevant equilibrium conditions are as under flexible prices (38), (39), (40),
except that conditions (37) are replaced by

(uc (t)—un()ic(t)) P’y
Eroy [ (1= 7Hup(t) (1= hy — U(2)) iy 1| =0,t>1

(+7¢) o
(I47) 6-1
(42)
that hold from period ¢t = 1 on. The initial price level F, is given.

If there are no labor income taxes and if public debt is not state contin-
gent, then {7¢, M;, BY} and {P,} are uniquely determined. At t = 0, 7§ is
determined using (40) for ¢t = 0, according to a fiscal theory of the price level
gross of consumption taxes. My is determined using (38). At ¢t = 1, there are
2®, + 2 equations, (42), (38), (39) and (40), to determine, 2®; + 2 variables,
{7, My}, Pi, and Wy or B. Given {7§} in the different states, (39) can
be used to determine the price level P;. The intratemporal condition (42)
determined an average value for the consumption tax. Together with (40)
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can be used to determine {7§} and Wi or Bj. The money supply can be
recovered using (385. Since the price level does not depend on the state, in
order to replicate real state contingent debt, the consumption tax will vary
with the state.

If public debt was state dependent, the consumption taxes would only
be pinned down on average. In that case there would be multiple paths

for {r¢, My, Z} or {7}, My, Z}} or yet {(11170 M, Zg}, associated with the
same real allocation. This means that there is a short run neutrality of taxes,
under sticky prices, analogous to the neutrality of money under flexible prices.

One of the tax policies is such that:

(uo () —un(t )lc(t))
uh(t) =1

?

as under flexible prices. Otherwise, this condition will only be satisfied on
average, according to (42). The real wage will be different from the one under
flexible prices and will compensate the deviations in the tax policy from this
path, satisfying (8).

If the policy instruments were labor income taxes, money supply, and
non state contingent public debt, it would not be possible to decentralize the
same set of allocations.

Thus, in each extreme environment, under flexible and under sticky prices,
there are many policies that decentralize the same allocation. Each of these
allocations can be decentralized with a common policy to both environments.
Use fiscal and monetary policy so that

(uc(®)—un®)lc(®)) ¢
U«h(t) t _ 1
(+75) o
(147¥) 6—

and

Uc(t — 1) — Uh<t — 1)lc(t — 1)
(1+ Tf—l)Pt—l

1 B (uc(t) — un(t)lc(t))
Bl | A5

Fiscal policy is conducted so that there are no surprises in the mark ups;
monetary policy is conducted so that there are no surprises in prices.
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4.0.3 The economy with flexible and sticky firms

We have seen that the allocations on the frontier are such that there are no
relative price distortions. Thus it must be the case that the real wage is given
by

— 5, (43)

as under flexible prices. The price level is constant across states. For each
allocation we can recover the taxes, the debt and monetary policies that
support that allocation using the equilibrium conditions, as under flexible
prices, (37), (38), (39), (40).

If the policy instruments are consumption taxes, money supply and state
contingent debt, then these are uniquely pinned down by (37), (38), (39),
(40). (37) determines {7¢} for any state and date ¢ > 0. From (39), we
obtain {P,} for any t > 1. P, is given. {M,} are determined using (38) and
{Z7} or {W; } are determined using (40). If instead of consumption taxes,
labor income taxes are used, the policies are also uniquely determined.

If the policy instruments are consumption taxes, labor income taxes and
non state contingent public debt, the policies will not be uniquely pinned
down. Since Py and W are given, (40) for t = 0 can be used to determine
7§, (37) for t = 0 determines 7§, and (38) determines M,. At ¢ = 1, there
are 3®; + 1 equations, (38), (39) and (40), to determine, 3®; + 2 variables,
{7§, 7%, M1}, P, and W] or Bj. The argument applies for any ¢.

In this case the price level variability simulates real state contingent debt.
There is one degree of indeterminacy. The average value of consumption
taxes, 7¢, is not determined. Thus neither is the average labor income tax,
7Y, and the price level P;. In this case state contingent real debt is simulated
with the variability of the consumption tax.

The minimal set of instruments are {7, My, Z7} or {7¢, My, Z{} and
{7¢, 7%, My, B{}, even if in the last case the policy variables are not deter-
mined uniquely.

In this environment, with both flexible and sticky firms, there is neither
fiscal nor monetary neutrality. Policy has to satisfy the following two prin-
ciples: Fiscal policy should be conducted as if all prices were flexible; and
monetary policy should be conducted as to replicate the flexible prices equi-
librium. In this sense it is optimal to eliminate gaps, i.e. deviations to an
allocation under flexible prices, once this allocation is the best implementable
when prices are flexible.
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The policies are not dependent on the value of alfa, that is on the strength
of the monetary transmission mechanism. We can state this result in the
following corollary:

Corollary 5 (Adao, Correia and Teles, 1999) The optimal policies do not
depend on the alfas.

4.1 Restrictions on tax instruments

We have seen above that the restriction on the public debt that it may not
be state dependent is not relevant since it can be replaced by the use of other
fiscal instruments. In this section we inquire of the relevance of the restriction
that taxes may not be state contingent. We first state the conditions under
which it is optimal for a Ramsey planner to set constant distortions across
states. Under those conditions the constraint is not binding.

When it is the case that optimal (second best) distortions are state de-
pendent, then in the extreme case of a = 1, it is still possible to use state
dependent monetary policy to achieve the optimal solution. The optimal al-
locations will be characterized by gaps, i.e. deviations from the flexible price
allocation. In general the equivalence of environments in terms of allocations
and policies is lost when the restricting is imposed that taxes are not state
dependent. Adao, Correia and Teles (2001) is an example of this principle.
Since they only consider monetary policy there is a natural restriction on
policy, that the nominal interest rate cannot be negative. For this reason the
set of allocations under flexible prices is smaller that the set of allocations
under sticky prices. In that paper, conditions are provided under which the
optimal solution belongs to both sets. They claim that in general it doesn’t.

When 0 < a < 1, and taxes cannot be state dependent, if the optimal
solution is characterized by varying distortions across states, then the second
best cannot be achieved. The third best will be characterized by deviations
from the flexible price allocation and policies.

In the following subsection we provide the conditions under which it is
optimal to set constant distortions across states.

4.1.1 Ramsey distortions.

In this section we describe the conditions under which it is optimal to smooth
proportionate distortions. At the Friedman rule, we assume that the time
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used for transactions is zero. From homogeneity, ¢ (t) = 0.
Then allocations are characterized by:
uc(Cy, he)si _ 0 (1+77)
un(Cehe) (0 =1) (1 —7F)

Ct+Gt :St<1—ht>
From the FOC of Ramsey problem

unc ()0 upn(t)(1—hy)
uc<t> 1_‘_90<1+ hC t _ Ynh t)

Uht Uht
Sy =
up(t) t 1+ <1 4 ucc®Ci _ uch(t)(l—ht)>

uc(t) uc(t)

Under what conditions on preferences is it optimal to set constant taxes?
i) Additively separable and constant elasticities
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then, Z—f:st will depend only on h;.

Therefore it is optimal to set constant taxes when preferences are sepa-
rable and isoelastic in consumption and labor or preferences are consistent
with balanced growth and government expenditures shocks are perfectly cor-
related with the productivity shock.

4.2 Conclusions:

In this paper we analyze the implications of nominal rigidities for the conduct
of fiscal and monetary policy in response to shocks. We find that the sets of
implementable allocations are the same under flexible and sticky prices.

Each allocation can be decentralized with a common policy to both en-
vironments. Under flexible prices money supply policy is conducted so that
there are no surprises in prices. Under sticky prices, fiscal policy is con-
ducted so that there are no surprises in mark ups. In each environment
there are other policies that decentralize the same allocation. In particular,
under sticky prices, fiscal policy is not uniquely pinned down. This means
that there is short run neutrality of taxes, which is analogous to the neu-
trality of money under flexible prices. Thus both under flexible prices and
under sticky prices there are neutral and non neutral fiscal and monetary
instruments. The roles are reversed across environments.

In the mixed economy with both flexible and sticky firms, fiscal and mon-
etary policies are pinned down. It is possible to determine a frontier where
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fiscal and monetary policies are conducted so that there are no surprises in
prices and mark ups. The frontier is independent of the share of sticky firms
and the policies that decentralize those allocations are also independent of
the share of sticky firms. This second point was made by Adao, Correia and
Teles (1999), that argue that the monetary transmission mechanism is not
relevant for policy.

Because the frontier allocations are independent of the degree of rigidity,
it is possible to use the results on optimal taxation under flexible prices as in
Lucas and Stokey (1983), Chari, Christiano and Kehoe (1991), Zhu (1992).
In this paper we analyze the conditions for optimal smoothing of distortions.
Since policies do not depend on the degree of stickiness, exogeneity of the
degree of stickiness is not a problem.

We also show in this paper that the frontier is characterized by the Fried-
man rule. Furthermore, we address the issue of which is the minimal set of
instruments. Without state contingent debt, high volatility of consumption
and income taxes can simulate state contingent debt.

The results in this paper hold under staggered price setting (or Rotem-
berg, 1982) and cash-in-advance.
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