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Abstract

When nominal interest rates are at the zero bound, so that monetary
policy cannot be used to provide appropriate stymulus, tax policy can
accomplish that at zero cost. There is no need to use inefficient poli-
cies, such as wasteful public spending. This means that the zero bound
on nominal interest rates is not a relevant constraint on both fiscal and
monetary policy.
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1 Introduction

Arbitrage between money and bonds restricts nominal interest rates from be-
coming negative. One could imagine circumstances in which, in the event of a
potential recession, it is desirable for the Central Bank to lower the policy rate.
If the interest rate is very close to zero to begin with, the constraint may be
binding. This is the "zero bound" problem of monetary policy.

But, is there a zero bound problem when policy is more generally considered
to include both fiscal and monetary instruments? Is fiscal policy able to avoid
a downturn when the zero bound constraint binds? In this paper we show that
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UC San Diego, Bank of Spain, the Federal Reserve Banks of Atlanta, Chicago, Minneapolis
and St Louis. Correia and Teles gratefully acknowledge financial support of FCT.



the zero bound on nominal interest rates is not a relevant constraint on both
fiscal and monetary policy. If the nominal interest rate is zero, taxes can play
the role that the nominal interest rate would play, could it be used without
restrictions.

Considerable attention has been placed on this issue in recent times, follow-
ing the outbreak of the 2008 and 2009 financial crisis. Nominal interest rates
have indeed been very close to zero in the US, the EMU, the UK and other
countries. Given the restrictions on monetary policy, attention has shifted to al-
ternative policies. There has been work on public spending multipliers, showing
that these can be very large at the zero bound (see Christiano, Eichenbaum, Re-
belo (2009), Eggertsson (2009), Woodford (2010), Mertens and Ravn (2010)).
Eggertsson (2009) also considers different alternative taxes and assesses which
one is the most desirable to deal with the zero bound. The zero bound is also a
key component in the numerical work presented in the evaluation of the Ameri-
can Recovery and Reinvestment Plan by Romer and Bernstein (2009). It is also
a main concern in Blanchard, Dell’Ariccia and Mauro (2010) who argue for a
better integration between monetary and fiscal policy.

There is also earlier work on the implications of the zero bound for monetary
and fiscal policy, motivated by the prolonged recession in Japan where overnight
rates have been every close to zero for the last fifteen years, as well as by the
low targets for the Fed funds rate in the US in 2003 and 2004.> Eggertsson
and Woodford (2003 and 2004a) show that there may be downturns that could,
and should, be avoided if it was not for the zero bound. They also show how
monetary policy can be adjusted so that the costs of those downturns may be
reduced. In particular they propose policies that keep the interest rate for a
longer period at zero in order to generate inflation. All this work is done in
the context of standard sticky price models, where the zero bound on interest
rates can be a serious challenge to policy. That is indeed the general conclusion,
justifying the use of inefficient policies, such as wasteful government spending,
leading to undesirable inflation.

With a different, more general focus, Correia, Nicolini, and Teles (2002, 2008)
show that fiscal policy can be used to neutralize the effects of price stickiness.
They consider an optimal Ramsey taxation model similar to the one in Lucas
and Stokey (1983) and Chari, Christiano and Kehoe (1991), but with sticky
prices. They show that under sticky prices it is possible to implement the same
allocations as under flexible prices, and that it is optimal to do so. Since zero
nominal interest rates turns out to be the optimal policy under flexible prices, it
cannot be a relevant constraint under sticky prices. Focusing on the zero bound,
Eggertsson and Woodford (2004b) consider both monetary and fiscal policy in
a Ramsey taxation model with labor only, similar to Correia et al., but with
different tax instruments. Instead of a labor and a consumption tax, they only
allow for consumption taxes. They show that, if prices would be set before a

I Mertens and Ravn show that multipliers can be low if the economy is close to an alterna-
tive, liquidity trap, steady state.

2In 2003 and 2004, the Fed funds rate fell down to 1%, and remained there for more than
year.



sales-type tax but after a VAT-type tax, then it would be possible to implement
the same second best equilibrium as if the zero bound was not binding. They
find these taxes to be highly unrealistic and move on to analyze the case of a
single consumption tax.

In this paper, we take the standard set up analyzed by most of the zero
bound literature and consider the distortionary tax instruments used in Correia
et al. In particular, using the model in Eggertsson (2009), we show that, once
we allow for both consumption and labor income taxes, the zero bound is not
a relevant constraint. We also show that the results apply to a more complete
environment with capital, provided that capital income can also be taxed. In
the simple model of Eggertsson (2009), it is possible to achieve the first best
allocation if the zero bound does not bind, or, alternatively, if taxes are used.
This is an extreme result. In more general set ups, full efficiency cannot be
attained. It is still the case, though, that whatever can be done with the nominal
interest rate, can be achieved using distortionary tax instruments. And, more
important, the zero bound constraint on the nominal interest rate is no longer
relevant once taxes are used. We show this by considering an extension of the
model where productivity shocks are firm specific or the initial distribution of
prices across firms is non-degenerate.?

The intuition why tax policy can neutralize the effects of the zero bound
constraint is simple. Suppose real rates ought to be negative. Since the nominal
interest rate cannot be negative, there must be inflation. But producer price
inflation may be costly, as is the standard assumption in the New Keynesian,
sticky price, literature. It turns out that the prices that matter for intertem-
poral decisions are gross of consumption taxes. Consumption taxes can induce
inflation, while producer prices do not have to move. At the zero bound, a
positive real interest rate must be associated with deflation. But this can be
accomplished with movements in consumption taxes, rather than producer price
deflation.

Our policy recommendation requires flexibility of taxes. It has been ar-
gued that fiscal instruments are not as flexible as monetary policy instruments.
Whether this argument applies to stabilization policy during a "great moder-
ation" period could be argued about. However, it certainly does not apply to
exceptional circumstances such as the recent crisis or the Japanese stagnation
in the nineties, precisely because the need to use fiscal instruments is excep-
tional. There have been recent policy proposals in this direction by Robert Hall
and Susan Woodward?, and earlier on, by Feldstein (2003), intended at Japan.®
Both of them suggested lowering consumption taxes as a way to fight the crisis.
Our model formalizes these proposals and highlights the way other taxes must

3Yun (2005) analyzes optimal monetary policy when the initial distribution of prices is
non-degenerate.

4An article by Justin Lahart in the Wall Street Journal, January 5, 2009, "State Sales-Tax
Cuts: Get Another Look", comments on the proposals of Hall and Woodward in their blog.

5"The Japanese government could announce that it will raise the current 5 percent value
added tax by 1 percent per quarter and simultaneously reduce the income tax rates to keep
revenue unchanged, continuing this for several years until the VAT reaches 20 percent." Feld-
stein (2003).



be jointly used at the optimum.

The paper proceeds as follows: We first describe the model, in section 2.
In section 3, we characterize the first best allocation and show how it can be
implemented, away from the zero bound using interest rate policy, and at the
zero bound using tax policy. We consider the linearized model in section 4, so
that the relation with the literature can be made more clear. We consider a
model with capital in section 5. In section 6, we show that the results can be
generalized to environments where it is not optimal (or feasible) to replicate
flexible prices. In a model with firm specific productivity shocks and/or a non-
degenerate distribution of initial prices, it is still the case that the zero bound
constraint on nominal interest rates can be overcome using tax policy.

2 The Model

The model we analyze is a standard new-Keynesian model, similar to the one an-
alyzed by Eggertsson and Woodford (2003) and (2004b), and Eggertsson (2009).
As it has become standard in the New Keynesian literature, the economy is
cashless.

The preferences of the households are described by:

U=Ey» B'u(CiNi&) (1)

t=0
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where ¢;; is private consumption of variety ¢ € [0,1], N; is total labor, and &, is
a preference shock.

Aggregate government consumption G is exogenous. It is also a Dixit-
Stiglitz aggregator of public consumption of different varieties g;;,

1 ., 174
0

The production function of each good ¢, uses labor, n;;, according to

where

g

it + it = Aithiz, (4)

where A; is an aggregate productivity shock.
Total labor is

M:/%@ (5)



2.1 The Government

The government minimizes the expenditure on the individual goods, for a given
aggregate, and finances it with time varying taxes on consumption, 7¢, and
labor income, 7}'. As is standard in the new-Keynesian literature, we also allow
for lump-sum taxes, Ty, which is a residual variable that adjusts so that the
government budget constraint is satisfied.

If we let

1
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where p;; is the price of variety 4, then, the minimization of expenditure on the

individual goods, implies
-6
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2.2 The households

Households also minimize spending on aggregate Cy, by choosing the consump-
tion of different varieties according to

-0
Cit Pit
Zit £t 7 ]
o (%) ®
The budget constraints of the households can then be written in terms of
the aggregates as

1
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together with a no-Ponzi games condition. B;;1 represent the quantity of
state contingent bonds that pay one unit of money at time ¢ + 1, in state s‘*!

and E,}Z‘H are risk free nominal bonds. Q¢4 is the price of the state contingent
bond, normalized by the probability of occurrence of the state at t+1, and - is
the price of the riskless bond - so R; is the gross nominal interest rate. Wt is the
nominal wage and II, are profits. We assume profits are fully taxed, 7¢ = 1.6

The marginal conditions of the households problem that maximizes utility
(1) subject to the budget constraint (9) with respect to the aggregates are

uc (Ct, Ni, &) (1+717) P

“un (Cr, Nt &) - (1—19) Wy )

6This assumption is irrelevant for the results.



and
Buc (Ct+17Nt+17§t+1) P (14 7%)
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2.3 The Firms

Each variety is produced by a monopolist. Prices are set as in Calvo (1983).
Every period, a firm is able to revise the price with probability 1 — «. The
lottery that assigns rights to change prices is 7.i.d. over time and across firms.
Since there is a continuum of firms, 1 — « is also the share of firms that are able
to revise prices. Those firms choose the price p; to maximize profits

o0
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where Q) ++; is the nominal price at ¢ of one unit of money at a particular state
in period ¢+ j, output y;4; = ci4j + gr+; must satisfy the technology constraint
and the demand function

—0
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obtained from (8) and (7), where Y;y; = Ciy; + Gi4;. The optimal price set by
these firms is

0 &, Wit ;
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(1+85)
The price level can be written as
_1
Po=[1-a)p, +ar ] (15)
2.4 Equilibria
Using the demand functions (8), (7), it follows that
1 i -0 B
Ci+ Gy = / (}j) di|  AN,. (16)
0 t

An equilibrium for {Cy, Ni}, {ps, P:, Wi}, and {Ry, 7, 77} is characterized
by
_ uc (Cta Nt,ft) — (1 + T?) Pt
un (Cp, Ni,&)  (L—17) Wy’

(17)
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wj is the share of firms that have set prices j periods before, w; = (a)/(1 — a),
j=0,2,..,t,and w1 = (o), which is the share of firms that have never
set prices so far. We assume that they all charge an exogenous price p_;.

We do not need to keep track of the budget constraints, since lump sum
taxes adjust to satisfy the budget.

For now we abstract from the particular way in which monetary policy is
conducted, whether it follows a standard feedback rule, a target rule or a simple
target for the sequence of nominal interest rates. In what follows we characterize
the efficient allocation and the policy variables and prices that are consistent
with the efficient allocation. In Section 4, we explicitly consider an interest rate
rule as well as fiscal policy rules and discuss uniqueness of equilibria.

3 Efficient allocations

The first best allocation is the one that maximizes utility (1) subject to the
technology constraints (2), (3), (4) and (5), above.

From (4) and (5), it follows that the marginal rate of transformation between
any two varieties is equal to one. Because the marginal rate of substitution is

_1
(%) 9, it must be that an efficient allocation satisfies

Cit = Ct, all i, t.
A similar argument applies to public consumption of the different varieties, so

that
git = Gy, all i, t.

The efficiency conditions for the aggregates (Cy, N;) are fully determined by:

uc (OtuNtvgt) 1
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and
Ct + Gt == AtNt. (23)



By comparing the efficiency conditions with the equilibrium conditions we
can describe the prices and policy variables that are consistent with the efficient
allocation.

3.1 Implementing the efficient allocation

In this section, we show that there are policies and prices that support the
efficient allocation, both away from and at the zero bound. At the zero bound,
those policies involve state and time varying taxes. We do this by showing that
there are policies and prices satisfying all the equilibrium conditions, above, for
the efficient allocation, taking into account the zero bound constraint on the
nominal interest rate.

3.1.1 Policy away from the zero bound.

First, in order to achieve production efficiency, conditions (8) and (7) imply
that prices must be the same across firms pt?‘tj = 1. That can only be the case
if firms start at time zero with a common price, p_1,” as we assume, and if
firms that can subsequently change prices choose that common price, so that
p; = P, = p_1. This means that the price level must be constant across time and
states. It therefore follows that the aggregate resource constraint (21) becomes
(23).
From Calvo’s price setting condition (19), it follows that

0 W,
Pt = nt,omfz + (1 =n40) Epera,

This implies that
o W
=PD_1 = P = — — 24
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as under flexible prices. Thus, the nominal wage must move with productivity
S0 as to maintain the nominal marginal cost constant.
From (17) and (24), it must be that

7UC (CtaNtvgt) _ (1 +T§) (gfl)
un (CtaNtvgt) (1_7—7751)At ’

(25)
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implying that = %. Let the consumption tax be zero, 7¢ = 0. Therefore

labor must be subsidized at the rate 1 — 77 = 9(%1, to remove the mark up

distortion. Note that the subsidy is constant over time and states.
From (18), we have that

uc (Cy, Ny, &) = ReEy [Buc (Cog1, Neg1,€441) | - (26)

"This is the standard assumption. Yun (2005) analyzes the case with initial price dispersion.




so the nominal interest rate must move with the real rate to satisfy the in-
tertemporal condition. As long as the natural rate of interest, i. e., the
one that would occur under flexible prices, is nonnegative, uc (Cy, Ny, &) >
By [ﬁuc (C’t+1, Nt+1,§t+1)], the zero bound constraint is not binding and the
efficient allocation is implemented with constant taxes and flexible interest rate
policy. This would be monetary policy in normal times.

We now look at the more interesting case where the natural rate of interest
is negative.

3.1.2 Policy at the zero bound

We’ve seen that, in order to implement the efficient allocation, prices must be
constant. Is this possible at the zero bound? Not, if taxes are constant. Notice
that from (18), repeated here,

uc (Ct,Nmft)
(1 + Tg) P,

Buc (Cr1, Neg1, €44 1)
(L+7841) P

if Ry =1, and taxes are indeed constant, 7¢ = 7¢, then prices must move with
the movements in the real interest rate. This means that there must be price
dispersion and production will be inefficient.

Instead if taxes are used, the efficient allocation can be implemented at
the zero bound. Note that if R; = 1, the intertemporal condition, above, can
be satisfied by the appropriate choice of consumption taxes even if prices are
constant. The intratemporal condition (25), repeated here,

~uc (Cr, N, &) _ (I+75) 6 1
un (Cp, Niy&y)  (L—77) (0 —1) A,
can then be satisfied by the choice of the labor income tax, so that
1+75) 6
(1—7¢)(0—1)

=R Ly

=1

and the first best is achieved.

As long as consumption and labor income taxes are flexible instruments, the
zero bound is not a constraint to policy.

The tax policy that implements the efficient allocation does not involve net
taxing or subsidizing. Notice that the present value budget constraint of the
households, can be written, replacing prices and taxes from the households
marginal conditions (11) and (12), as

R T (0N et B ) et = g S

The efficient allocation is such that C; = A;N; — G, and —un(t) = Aruc(t).
This implies that



Notice that 7§ is unrestricted by the implementation of the efficient allocation
whether at the zero bound, or away from it. It is a lump sum tax on the initial
nominal wealth of households. The present value of lump sum taxes is equal to
the present value of government spending plus the value of initial liabilities. The
present value of the other taxes, used to implement the efficient allocation, is
zero. This is the case whether the allocation is implemented with interest rates
away from the zero bound, or with consumption and labor income taxes. In
this sense, tax policy that implements the efficient allocation at the zero bound
is revenue neutral.

We now consider a special case of the model - the same considered by Eg-
gertsson (2009) and Christiano, Eichenbaum and Rebelo (2009) - and describe
optimal tax policy following a shock that lowers the natural rate of interest to
the point where the zero bound constraint would be binding. The discussion
on alternative policies in this context has focused on the role of government
purchases.® This is not without a, possibly major, resource loss. Instead the
policy we characterize below deals with the zero bound constraint on monetary
policy at no cost.

3.1.3 Using fiscal policy to avoid a recession

As in Eggertsson (2009) and Christiano et al. (2009) we consider specific pref-
erences as

U(Ct,Nt,gt) :u(ctaNt)gt (27)

In this way, the preference shock does not affect the marginal rate of substitution
between consumption and leisure. It will, however, affect the marginal rate of
substitution between consumption at time ¢ and consumption at time ¢t +1. We
also assume that Gy = G, A; = 1, so that the only shock is the preference shock.

Note that in this case, the conditions for an efficient allocation (22) and (23)
imply that the first best satisfies

uc (Ct;Nt)

_ -1
un (Cta Nt)

)

and
Ci+G = Ny,

and it is therefore constant. In particular, note that the preference shock does
not affect the efficient allocation.

Let us consider a particular example, a deterministic version of the examples
in Eggertsson (2009) and Christiano, Eichenbaum and Rebelo (2009). In their
models, it is this shock - interacting with the zero bound - that generates a
potentially big recession.

8 Eggertsson also considers tax changes, but only one at a time. As we show, it is key to
be able to change the two taxes - consumption and labor income - jointly.

10



Assume that &, evolves exogenously according to

S < p fort=0,1,2,..,7 -1,
§ip1
& 1 fort=T,T+1,T+2,..
§i1

From (18) and (27), it follows that

uc (Cr, Ny) &, _R, Buc (Cig1, Neg1) E441
(1+75)Pt (1+T§+1) Pt+1

Then,
& _ Rt
147§ T+78, ’

where R; > 1, is a necessary condition to implement the - constant - efficient
allocation with constant prices.

The solution for consumption taxes is given by

(&
LT RSt 012, T -1
L4175 &

At the zero bound, R; = 1, so that Rtﬂ% < 1. A policy that is consistent
with the first best is to reduce current consumption taxes and increase future
taxes. Note that the growth rate of taxes must be positive until period T'. The
interpretation in Eggertsson and Christiano et al. is that T is the duration of
the crisis.

This policy resembles the proposal by Hall and Woodward at the end of 2008
and Feldstein in 2003 addressing the Japanese stagnation in the nineties. To
implement the first best, however, it is important to note that the condition

(1+75) 0
(1=7) (-1

=1, forall ¢

must also hold, which means that

T+7¢, B 1—78,

14 7¢ 1—7'?'

Thus, as consumption taxes go up, labor income taxes must go down, so as
not to distort the consumption labor decisions.

4 The linearized model
In order to relate our results more closely to the literature, we now analyze the

log-linearized version of the model. As before, we assume A; = 1, Gy = G, and
u (Ct, Nt, &) = u(Cr, Nit) &,

11



Then, the following equations provide a log linear approximation® to the
model above:

Ut = Etyrr1 — 0(ie — Eymer — i) + 0(BiTiq — 1), (28)
T = Iﬂ/y\t -+ KJ'IXJ (’/T\:L -+ ;7'\5) + /BEt’iTt+1, (29)
where m; = In Pfjl, ip=I Ry, iy =In¥, 7{ =In 81:5;, 7y =1In 8::;;, and

ro=InB '+1In § — E¢In&, ;. Note that 7; and r; are in levels, while the other
variables are in deviations to the steady state. That is only for the convenience
of defining the lower bound. The steady state has zero inflation, zero growth
rate of taxes, and the nominal interest rate equal to the real, i = = In 87",

We now assume that monetary policy follows an interest rate rule that ex-
plicitly takes into account the lower bound on nominal interest rates

iy = max{0, 7 + ¢, 7 + G, Yt }- (30)

In this linear version of the model, if the parameters of the interest rate
rule satisfy the Taylor principle, then given the tax policy, the interest rate rule
implements a unique local solution to the linear system.

Consider the case where fiscal policy is not used, 7; = 0 and 7, = 0. As
long as the lower bound does not bind, movements in the nominal interest rate
can fully offset the preference shock affecting r;. Indeed, the interest rate rule
is defined so as to fully insulate output and inflation from this shock, so that
in equilibrium, y; = 0, and 7y = 0. The intuition is simple: shocks to the real
interest rate should be absorbed one to one by changes in the nominal interest
rate. In this way, the shock does not affect prices and therefore there is no
change in output.

Note, on the other hand, that if the nominal interest rate is zero and there
is a large enough negative shock to the real interest rate such that r, < 0, this
could result in deflation and, given the price frictions, output would drop. This
is why the zero bound on interest rates can be a cost to policy.

Fiscal policy can also be used to respond to the shock, and fully stabilize
the economy. Suppose the outcome of the interest rate rule is that the nominal
interest rate is zero, i; = 0. From (28), it is clear that there will be a conditional
growth rate of the consumption tax,

~c ~
BTy — Ty =14,

that will satisfy the first equation for gy = Fiy;11 = 0 and Eymy; = 0. From
(29), there is an adjustment on the labor income tax,

~C

~n
Ty = Ty

that will satisfy the second equation for 7z = 0 and 7y = Eymr1 = 0. The
interest rate rule, (30), is satisfied.

9See the Appendix for the derivation of the linear approximation. The linear equations are
similar to Eggertsson (2009).
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5 A Model with Capital

The model can easily be extended to allow for capital accumulation. However,
to achieve the first best, the tax policy must be enriched to include a tax on
income from capital. To do so, assume that investment, I, is also an aggregate

of the individual varieties
1, 771
I; = {/ zzt"dz} . (31)
0

Aggregate investment increases the capital stock according to
Kiyi=1-90K;+ 1. (32)

Minimization of expenditure on the individual investment goods implies

. —6
it _ [ Pit
i ( Pt) , (33)

The budget constraints of the households now reads

1 —=n
=B+ Z Qt1+1Bt041 + P K (34)

Rt stt1 /gt

= Ef + B[L—l,t + UKy + (1 - 6) PK; —
(UK, — 6PK,) + (1 — ) W,N, — (1+7%) P,C, — T,

U; is the rental cost of capital. Note that the tax 7F has an allowance for
depreciation. We believe this is the most natural assumption. As we will show,
it will have implications on the behavior of this tax rate when implementing the
optimal allocation.

The marginal condition for capital is

P = Z Qt,t41 [Pt+1 + (1 - Tf+1) (Utg1 — 5Pt+1)] ,t>0 (35)

sttl/st

The production function of each good 4, y;;, uses labor, n;;, and capital and
is given by
Vit = AcF (kit, nit)

where A; is an aggregate productivity shock and the production function is
constant returns to scale.
The firm choices must satisfy

kit
u, B ()
W, - F, (kzt)

13



Let the corresponding cost function be C; = C (y;t; Uy, Wy). This is linear in
Yit, so that marginal cost is a function of the aggregates only.
The optimal price set by these firms is

9 o0
bt = ﬁEﬁ Z 1, Cy (Uttjs Wej) s (36)
=0

where C,, (.) is marginal cost, and 7, ; are the same as in the model without
capital.
Market clearing for each variety implies that

Cit + it + it = At F (it Kig) (37)
while market clearing for capital implies
1
K, = / i, (38)
0

Using the demand functions (8), (7), it follows that!'®

1, N0
Ct+Gt+It:[/ (p”) di
o \ P

An equilibrium for {Cy, Ny, K}, {pt, Pi, Wy, Up}, and { Ry, 7§, 77, 74 } is char-
acterized by (17), (18), (20) and

AeF (K¢, Ny) . (39)

Ky
v _ BN <N> (40)
e
9 0
Et Z nt,jCy (Ut-‘rja Wt+j) ) (41)

b= (9 - 1) 7=0

uc (Cy, Ny, &) Buc (Ceg1, Nev1,€041) { . (Ut+1 )}
=FE 1+ (1 - - 5],
(1+75) N () 0=\ 7,
(42)

-1

t+1 —0
Co+ G+ Kpor — (1-8) K, = |3 (ij‘J> AF (K, Ny). (43)
t

=0

As before, we do not need to keep track of the budget constraints, since lump
sum taxes adjust to satisfy the budget.

108ince the production function is constant returns to scale, F' (kit,ni) = Fj <Z’i) kit +

Fj, [ =i ) n;+ and =2t is the same across firms, —tt = Loy
it it ?onit Ny
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Efficient allocations As before, at the efficient allocation, the marginal
rate of technical substitution between any two varieties must be equal to one,
SO

cit = Ct; gir = Gy ¢ = Iy,

The efficiency conditions for the aggregates are:

_UC(Ctthaft) _ 1 (44)
UnN (Ctthagt) AtFn (KhNt)’

uc (Cy, N, &) = Z Buc (Ct+17Nt+1a§t+1) [At41Fy (Kiy1, Ney1) + 1 — 0]
stH1 /gt
(45)
and
Ct+Gt+Kt+1 - (1*5) Kt :AtF(Kt,Nt). (46)

Policy variables and prices with variable interest rates We first set
7¢ = 0. As before, so as to achieve production efficiency, the price level must be
constant across time and states. The aggregate resource constraint (43) becomes
(46). When P; = P, (41) becomes

P = = 1)C’y (Us, Wh) .
so that nominal marginal cost must be constant. Since C, (U, W;) = Alt]f’k =
A‘;‘;ﬁn, from (17), it must be that
Cuc (CuNug) (4T gl )
un (Ce, Ni, &) (1 —77) A Fy, (K, Ny)'
implying that ;f:; = 9% so the labor income tax will have to be 1 -7} = %.

The nominal wage will be such that (17) is satisfied.

_’LLC (CtaNhft) _ i

un (C, Nt &) (L—70) Wy

and the nominal interest rate must move with the real rate to satisfy

uc (Cy, Ny, &) = ReEy [Buc (Cog1, Neg1,€441) ] -

The rental cost of capital satisfies (40). Finally, the tax rate on capital income
must be chosen to satisfy the marginal condition for capital (42).

uc (Cta Nt7€t)
0—1

= Ei {Buc (Cig1, Neg1,€041) [1 +(1—750) (eAtJrle (Kiy1, Ney1) — 5” } .
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Clearly the capital income tax must be moving with shocks in order to
implement the efficient allocation. It is no longer the case that the efficient
allocation can be implemented with constant taxes.!!

It is interesting to note, though, that this is the case because we assume, as is
standard, that firms can deduct depreciation expenses from the capital income
tax, i.e., the tax is paid on (U; — 6 P;) K. If, instead, we had assumed that the
tax was paid on the gross return U; Ky, the marginal condition for capital would
be

uc (CtaNhft)
= Ey{Buc (Crp1, Neg1,6p) |1 =04+ (1—7741) TAt+le (Ktt1, Neva) | ¢ s

and, setting a constant tax, (1 - T?+1) % = 1, would be consistent with the
optimal allocation.

Policy variables and prices at the zero bound More generally, let
R, = R, where R could be one. The intertemporal condition, with a constant
price level, is as before

uc (CtaNhé-t)
(1+7¢)

= REt

Buc (Ces1, New1,€41)
(1 + T§+1)

which determines -not uniquely- the path of consumption taxes. The labor in-
come tax will have to move to compensate for the movements in the consumption
tax, satisfying condition (47) above.

Now the capital income tax will also have to move to account for the changes
in the consumption tax,

uc (CtaNt,gt)
(1+7%)

Buc (Ciy1, Npt1, € 0—1
= Et { C ( (7;-"!‘—’1_ Tgi—i;; t+1) |:1 + (1 — Tf—&-l) (9At+1Fk (Kt+1,Nt+1) — 5):| } .

Note that, contrary to the case with a flexible interest rate and no consumption
taxes, in this case a flexible capital income tax rate is necessary even if the tax
base is the gross capital income.

6 The irrelevance of the zero bound in more
general environments

We have shown that tax policy can be used to achieve full efficiency, when
nominal interest rates are at the zero bound. In order for this to be the case, it

1Standard New Keynesian models usually have labor only and assume taxes are not flexible.
If instead they considered capital, the nonflexiblity of taxes would be costly.
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must be that there are no idiosyncratic shocks, that the initial distribution of
prices across firms is degenerate, that lump sum taxes are used to finance the
subsidies to production. We find the extreme case to be particularly illustrative
of the point we want to make, but the result is more general. In these cashless
economies with sticky prices, whatever policy can do with the nominal rate,
can also be done with tax policy. But tax policy can do more: The zero bound
constraint can be made irrelevant. This is the case, regardless of whether full
efficiency can be attained. We now make this explicit.

We modify the model in Section 2 and allow for productivity shocks to be
idiosyncratic. The production function of each good i, now, uses labor, n,
according to

Cit + Git = Yit+j = AutNit, (48)

where A;; is the firm specific productivity shock.

Let &, € {0,1} be the random variable, such that, if £;, = 1, the firm can
change the price. As before, the draws are i.i.d. over time and across firms. The
firms that are able to change prices choose the price p, to maximize profits

oo

E, Z (aﬁ)j Qt,t+j [p;tyit+j - Wt+jnit+j]

=0

where output ¥;t4; = Cit4j + git4+; must satisfy the technology constraint and

the demand function .
Pit >_

Yit+j = ( Yivj,

it Pej J

obtained from (8) and (7), where Y;; = Cy1; + G¢4;j. The optimal price set by
these firms is

0 > Wi
Y =— F — 49
Pit (0 — 1) t ];0 ntﬂ Ait+j ’ ( )

i U (t+75 _

(@B)! FLEIL (P y)* ™ i
o)

B 5% (aB) 2 (P )01y,

- (1+85) '

&+ =1, and p;r = piz—1, otherwise.

where Mtj = . The price of firm ¢ is p;; = pj, if

6.1 Equilibria
Using the demand functions (8), (7), it follows that

U\ -
it —1 3.
— Az di
/0 (P t) "
An equilibrium for {Cy, N}, {pi, p}y, Pi, Wi}, and {Ry, 7§, 77} is characterized
by households marginal conditions (17), (18) with R; > 1, the price setting
constraint (49), above, the condition for the price level (6), where p;; = pf; if
&, =1, and p;; = pir—1, otherwise, and the resource constraints (50).

1
Ct + Gt = Nt. (50)
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If, at time zero, firm ¢ cannot optimally choose the price, because £, = 0,
then p;o = p;,—1, and there is a distribution of these initial prices which is not
necessarily degenerate.

6.2 The efficient flexible price allocation

If prices were flexible, then firms would set prices

0 W
Dit = 7(0 — 1) Tw (51)

The aggregate price level would be

1

nege ) ()] 2

and the resource constraints would be

1
0—1

Ci+ Gy = [/01 (Ay) Gldz} N;. (53)

Substituting the nominal wage from the households intratemporal condition
(17), we have

_uc (Ct, Nt, €,) _ (1+7%) 4 )
un (Cy, Ni, &) (1—=77) 6 —1) [fol (Ay) 9—1dz} =1

(54)

This condition and the resource constraints (53) are the only implementability
conditions. The intertemporal condition (18) can be satisfied with a choice for
the path of the price level {P;}. Implementability does not impose restrictions
on the nominal interest rate so that in particular it can be positive, R; > 1.

The efficient allocation can be achieved with 7§ = 0 and ﬁ = %.

6.3 Implementability with interest rate policy only

We now restrict the consumption tax to be zero, 7§ = 0, and that the labor in-
come tax is constant, 77 = 7. Then the set of equilibria for {p;:, p}y, P, 7", Ct, Ny, Yy, }
is restricted by

_ Piyjun (Ct+j7Nt+j7ft+j)

0 S ue (Craj Netj€iaj)
= - 00 F . J 55
P = Ty e ey 6D

(aB) U (t4) (Pres)’~ Viu
Ey E;‘;o(aﬁ)]UC(t+.7)(Pt+j)071Yt+j
wage from (17) into (49),

where 7, ; = , obtained by replacing the nominal
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1 =
P = [/ pitledi:| ) (56)
0

where p;; = pj, if £, =1, and p;y = pir—1, if £ = 0;

uc (Ct, Ni, &) > BE uc (Ce1, Nev1,€p41)
Py = Py

(57)

which is the zero bound constraint on nominal interest rates, and the resource

constraints
1 P -0 -
it —1 .
/(; <H> Ait d'L

There are two reasons why the flexible price allocation cannot be imple-
mented: Because of the zero bound on nominal interest rates, so that

uc (Ct; Nta gt)
ﬁEtuc (Ct+1, Nt+1a £t+1)

is a necessary condition, but also because the shocks are idiosyncratic, so that
1

1
Ct + Gt = Nt. (58)

>1 (59)

. pir =
in general 3! =+ it T

) o]
6.4 Implementability with both interest rates and tax pol-
icy
With the tax rates, an equilibrium for {pi,p%, P, 75, 7, Re, Ci, N¢, Yy, } is re-
stricted by

—(78s) Pty un (Cotg News o)
0 x (1_T?+-)'ILC(Ct+j7Nt+j7§t+')
p’?‘ [ 5) ) J j
it (9 — 1) t jgo Mt AitJrj

(60)

i Ua(t+35 _
(045)170(0]) (Pey )™ Wiy
Ttti)
Be 32520 (a)? 719y (P) '~ i
- (1+755)

where 7, ; = -, together with (56), where p;; =
Py if &, =1, and pi = pie—1, if &, = 0;

uc (CtyNtagt) BUC (Ct+1aNt+17£t+l)

=RE , 61
(L+79) B o (L+7541) P o
where

Ry > 1 (62)

and (58).

Condition (60) implies
0 —(A+75)Prun (Ct ,N¢,&y)
* (1=77)uc(Ct,N¢, &) %

Dit = M0 =) Zit + (1 - 77t,0) Eipipiq- (63)
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Uc (t) 0—1
ey P

o) - .
By T2 o(af)? 2 (P )0 Y,y
' 178 5)

pends on the path for the consumption taxes.

When tax rates can be used, the nominal interest rate is a redundant policy
instrument. Furthermore, the zero bound constraint does not restrict the set
of implementable allocations and prices. To see this, consider a sequence for
prices and allocations {pi:, p}, Pr, Ci, Ny, Y, } that satisfies (60), (56), (61), and
(58), but does not necessarily satisfy the zero bound constraint (62). The same
allocation and process for prices can be implemented with another sequence for
the nominal interest rates that would satisfy the zero bound constraint Notice
that, for the sequence of interest rates satisfying the zero bound, {R; > 1}, there
is a sequence of consumption taxes {7{} that satisfies (61). There are actually
multiple such sequences. The restriction (61) does not uniquely pin down the
distribution of tax rates across states. So, the sequence of {7} satisfying (61)
can be chosen so as to keep the weights 7, ; unaffected. Notice that the weight
Mt can be written as

Mo =

where 7, o = Note that the weight 7, o de-

Uo(t)(P)° 1Y,

e ; 1478)Ug (t+) 0 (479U (45 0 '
=olef)’ {Et {( : ]Et (Puy;)0Yes ;| +Cov, Py )Yig;
= (1+7E,,) Peri [(Pess 2 (1+rs) Pets ! ’

The distribution of taxes ’th+1 can be chosen so that the conditional covari-

1+78)U j
(47 Ve trs) and (Pt+j)9 Yi4; can compensate for the change

ances between
(1478 5) Pt
. 1478 U (t+j . .
in F; %c}()) . Given the sequence of {7¢}, there is a sequence of {7}'},
(1+Tt+j) t+j

that satisfies (60). This is clear if we consider the recursive version of the price
setting equation (63). The proposition follows.

Proposition 1 When consumption and labor income taxes can be used, the set
of implementable allocations is independent of the path for the nominal interest
rate. Furthermore, the zero bound constraint on nominal interest rates is not a
constraint on the implementable set.

While the nominal interest rate is a redundant policy instrument when taxes
are also used for stabilization, taxes are not redundant instruments. If taxes
are not used, then the set of implementable allocations will be restricted by the
zero bound on nominal interest rates. Taxes can also be used to directly affect
the setting of prices through the effect on the weights.

7 Conclusions

The main conclusion of this paper is that the zero bound constraint on nom-
inal interest rates is not a relevant restriction to policy when both fiscal and
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monetary policy are flexible. In response to a recent literature on using ineffi-
cient monetary or government spending policies to circumvent the zero bound
constraint, we show that tax policy can do that at zero cost.

The argument that fiscal policy can neutralize the effects of the zero bound
is very simple. Suppose the objective of policy was to lower real rates. If
nominal rates cannot be lowered, real rates can still be low if expected inflation
is high. Getting all prices to move together in response to aggregate conditions
- so expected inflation is high - may come at a cost. Note that the relevant
inflation to consider is producer price inflation. Indeed, it may be costly to get
all producers in the economy to raise all future prices uniformly. But inflation
arising from a reduction in current consumption taxes (or increases in future
consumption taxes) is easy to achieve. Can be announced and implemented at
zero cost, and will certainly bring down real interest rates.

Movements in consumption taxes would in general distort other margins. For
this reason we have to use a model where those decisions are explicitly modelled,
and allow for other taxes as well. In a standard new-Keynesian model, we show
that, if consumption and labor income taxes are both used, it is possible to
compensate for the distortions and achieve the first best. We then analyze the
same economy but with capital accumulation. The main results extend to this
case, as long as flexible capital income taxes are also used.

We first consider an environment where the first best can be implemented,
even at the zero bound. This assumption makes the results particularly stark,
but the irrelevance of the zero bound constraint holds more generally. We
consider an extension of the model where the full efficient allocation cannot
be achieved, because of idiosyncratic shocks or because the initial distribution
of prices of the different firms is not degenerate. Productive efficiency can
no longer be achieved, but tax policy can undo the zero bound restriction on
nominal interest rates.

In order for the zero bound to be ineffective, taxes must be flexible. But,
are taxes flexible enough? After witnessing the policy response to the recent
crisis in the US and elsewhere, it is hard to argue for lack of flexibility of any
fiscal policy. In any case, our point is also normative, meaning that if taxes
were not flexible, they should be made flexible. There are also many examples
of movements in sectorial or state level taxes with the purpose of stimulating
spending. Interesting examples are the tax holidays on sales taxes in many
states in the US,'? and programs such as the Consumer Assistance to Recycle
and Save (CARS) set up in June 2009.'3

We have analyzed the implications of a particular restriction on the nominal
interest rate, that it cannot be negative. But for the economy of a small state in
a federation or a small economy in a monetary union, the nominal interest rate

121t is customary for many states in the US to announce yearly sales tax holidays for specific
sets of goods. They typically last for only a few days.

13Commonly known as Cash for Clunkers, this was a temporary subsidy for the trading in
and purchase of a new, more fuel efficient, vehicle. The initial budget was set to one billion
dollars and planned to last for five months. Due to the high number of applications, it was
terminated after the second month, and the final budget was close to three billion.
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is always beyond control. The implications for stabilization policy are similar
to the ones we have seen in this paper, applied to an apparently very different
issue. If interest rate policy cannot be adjusted, tax policy can still be, and
the constraints on the nominal rate can be made irrelevant. Common nominal
interest rates do not have to be too low or too high.

In the economy we have analyzed, we do not consider good specific taxes.
And concluded that fiscal policy at the zero bound can do as well as monetary
policy away from the zero bound. In an environment where different sectors
are hit by different shocks, or affected differently by common shocks, fiscal pol-
icy that treats different sectors differently can do better than monetary policy,
whether at the zero bound or away from it.
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8 Appendix: The log-linearized model

As productivity shocks play no particular role, we assume that A; = 1 for all ¢,

o (19) becomes
Wt+j

Dt 4 &
g2 __ " F ) 64
Pt (9 — 1) tjé:o nt,j Pt ( )
The steady state has
C; = C,Ny=N, ¢ =Lr1i=711=1"

P = Pt:P,R:/g_l
so that 9
= (1 — J — W =P.
M. ( af) (aB)’, and (Hfl)W

If we log-linearize equation (18), using (21) to replace labor, we obtain

ACy +T€, —7¢ iy —In 7" — Bymyoy + AECriy + TE€ oy — BT, (65)

where
A = —(ucc +ucn)
uc
r = iucg =Yl gyt &, is multiplicative
uc uc
. C,
Cy = In—
t n C
& = Ing
1 C
7 = In a+75)
(+7)
P,
Ti+1 = In %tl
it = In Rt

Linearization of the aggregate resource constraint yields

t+1 » Py
— . t—j
Ct + Gt = ij ( Pt ) AtNt
7=0
assuming that government consumption is constant, delivers

C

Cr =7
C+aG t =Yt
So, if we let g~ ! = &, then ~
Ct :g/y\tv



If we also assume that the shock ¢, is multiplicative, so I' = 1, we can write
equation (65) as

AT+ & —7F iy —In B — Eymygr + AgE i1 + By — EiTog
or, letting o = 1/ g,
U ~ Ejpy1 + 0 [it — By — (1115_1 +E - Etgt+1):| — o (BT, —T)

On the other hand, linearization of (64), delivers

0
Inp; ~ (9 my +In By Z N, Witj
But _
Wt — (]‘ +T§) Pt |: uc (CtaNtagt):|
(1—71) un (Cy, Ny, &)
0

(1+75;) Pty
(1 _T?Jrj)

1
uc (Crijs Nevj, & j) 1

9 0
Inps ~In—«+InE; > 0, .
= N (Coajs Newj €0y )

6 —1)

or

oo 1+47¢, ) P Ciri Noos 37!
Inp;—In P, ~ In L—I—ln E, E M ( Tt-‘rj) P _ uc ( t+js t+]a§t+J)
6-1) =7 (1=11) un (Crtjs Netj Evsj)

The log-linearization of the second term in the right hand side is given by

v 1
o (1475) B [ uc (Cragy News €04 ) x ;
InE , LA S T, ’ AL ~ (1—-aB)E af) Qi
BT ) | @ Vo) G (00
where R R
Quyj =Toyy + 700 +7e(G) + 0Cops — V€4t
where
. Py
7Tt(.7) = In ;:7
T = 1117(1 =)
(1—7n)
and
C
¢ = (-1)m————[Ucc +Unc)(—Un) —Uc (Unc +Unn)]
Uc (=Un)
v = U2 [chUN—UCUNs]
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Note that if, as we will assume, u (Cyyj, Netj, &1 5) = u(Cigj, Niyj) €44, then
v = 0. Note also that ¢ > 0.
Thus, we can write

o]

f)\t (1 - OZB)Et 2:0 (aﬁ)j |:?§+j +?;L+j + Wt(j) + ¢6t+j - 'Vgt-f-j}
‘7:

1

(75 +70 + 600 — 18]
+ (ap) E; Z;io (aﬁ)j |:?§+j+1 + /7:?+j+1 + () + ¢Cyijp1 — 7§t+j+1

1

(1—ap)

where p; = In £ . But note that

. Py Py Py Py Py
— T o I In —*7
mi) = pt =gt S g

=M1+ mp1(f — 1)

so we can write the equation as

7+ 77— 6C— 8] +
(aB) Ex -7, (aB)’ [?tc+j+1 + Tt e e (d — 1) + ¢@+j+1 - fygt-‘,-j-&-l}
75+ 77+ 6C1 — 78, + (aB) Bi 520 (B [muaa] +
I (aB) Er 3272, (aB)’ [?fﬂlﬂ + T T (i — 1) + ¢Ciriji1 — 'Y/f\t+j+1}

(1= aB) [7 +77 +6C = 18| + (aB) Bt [rrs1] + () Brro

e~ (1—-aB)

= (1-ap)

But the log linearization of (20) delivers
InP,~alnP_; 4+ (1 —a)lnp;

SO
InP—alnPr~alnP 1+ (1—a)lnp; —alnP;

or
«

Pt = ¢

l-«a
Replacing above

«
l—«

Tt4+1

= (1-aB) [+ 7 + 60, — 18| + (a8) B[] + (a8) By

or

2 (aB) By [mi1] + (aB) Evmip

l—ar. ~ ~ 1-—
T~ (1 —aﬂ)ia {Tt +7¢ + oCy — 'yft} +
SO
-« ~c | ~n ~ =
T~ (1— O‘B)T |:7-t + 7y + oC; — ’th] + BEim 41
Finally, recall that R
Ct = g/y\tv
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o
-« ~c ~n ~ i~
e (1 - aﬁ)T [Tt +7, + P9y — 7§t] + BEm1

Letting
l-«a
ko= (1-aB)——dyg
e

o= (69)"

we obtain N
T = kY (Ty +71) + 6§ — kY€, + BBy

We assume that the shock &, is multiplicative, so v = 0. If we let r, =

(111 gt —I—Et — Etgt-&-l) , the system can be written as

T ~ kG + kY (Ty +T¢) + BEimi

Ut ~ By —0(iy — Bymopr — 1) + 0(EiT ) — 74)

7t >0
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