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Abstract

This paper analyzes jointly optimal fiscal and monetary policies in a small open
economy with capital and sticky prices. We allow for trade in consumption goods
under perfect international risk sharing. We consider balanced-budget fiscal poli-
cies where authorities use distortionary taxes on labor and capital together with
monetary policy using the nominal interest rate. First, as long as a symmetric equi-
librium is considered, the steady state in an open economy is isomorphic to that of a
closed economy. Second, whereas sticky prices allocations are almost indistinguish-
able from flexible prices allocations, the open economy dimension delivers results
that are qualitatively similar to those of a closed economy but with significant quan-
titative changes. Fluctuations in terms of trade implied by complete international
financial markets affect (i) consumption through changes in the consumption price
index (CPI), (i) hours through changes in the CPI-based real wage and (74i) capital
accumulation through the relative price of capital goods. These wedges affect the
volatility and persistence of optimal tax rates, and resulting allocations are quite
different, as compared to a closed economy.

Keywords: small open economy, sticky prices, optimal monetary and fiscal poli-
cies.
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1 Introduction

It is now well known that it is optimal to use unexpected variations in prices in a flex-
ible prices set-up to smooth taxes. However, when prices are sticky, a trade-off appears
between using unexpected inflation to smooth taxes and the fact that adjusting the price
level is costly (Schmitt-Grohe and Uribe (2004)). When an open-economy framework is
considered, new issues come into play, such as whether to stabilize exchange rate fluc-
tuations or not, and their implications on inflation and welfare (Benigno and de Paoli
(2010)).

The literature of optimal taxation following Lucas and Stokey (1983) has established
that distorting taxes should be very smooth over time and states of nature. Chari et al.
(1991) and Chari and Kehoe (1999) present a set of seminal results in a flexible prices
economy with debt, capital income and labor income taxes: (i) capital taxes should be
close to zero in the long run, (ii) the ex-ante tax rate on capital should be zero in the
short run, (4ii) the ex-post tax rate on capital income is highly volatile and bears most of
the adjustment after unexpected shocks, together with debt returns, and (iv) labor taxes
should consequently be almost kept constant. Restricting the analysis to balanced-budget
policies, Stockman (2001), Klein and Rios-Rull (2003) show that most of these results are
preserved, including Chamley’s (1986) result that states that the capital income tax rate
is zero in the long run. The major difference in a balanced budget set-up is that the
ex-ante capital income tax rate is not zero anymore, since debt may not be used as a
buffer mechanism after unexpected shocks. The ex-ante rate thus fluctuates a lot, and its

variance is about two third of the one of the ex-post rate.

Schmitt-Grohe and Uribe (2004) find that the major results about optimal fiscal policy
are mostly unchanged in a closed economy when sticky prices are introduced, even though
a set-up featuring public debt induces an optimal policy leading to a unit-root on debt,
spreading to the policy instruments, including tax rates. However, considering an open
economy induces important changes in the optimal policy. Benigno and de Paoli (2010)
show that the open-economy dimension introduces fluctuations of terms of trade that

directly affect labor supply decisions through the to the so-called terms of trade spillovers



identified in the monetary policy literature.! According to this literature, policymakers
have an incentive to appreciate their terms of trade, so as to increase consumption and
lower labor effort. The monetary policy literature has shown that this first order effect can
be restated in terms of the second order moments of terms of trade. In the general case, the
corresponding policy recommendation is thus to use monetary and/or fiscal instruments
to stabilize terms of trade fluctuations, a result recently made clear by Benigno and de
Paoli (2010).

Regarding monetary policy, the literature underlines that the optimal policy in a compet-
itive environment with flexible prices is to keep the real interest rate constant.? However,
this rule is suboptimal when sticky prices are introduced in models where taxes are not
available (see for instance Woodford (2003)). In this case, the optimal monetary policy
rule should aim at stabilizing the inflation rate to minimize the distortions implied by
nominal rigidities. If taxes and debt are reintroduced in a framework with sticky prices,
Correia et al. (2008) show that a combination of taxes can replicate flexible prices allo-
cations, and that monetary policy is not needed in such a case. As already mentioned,
policy recommendations are affected by the assumption of trade openness, through the
so-called terms of trade spillovers and domestic price stability is outperformed by policies

that partly stabilize terms of trade fluctuations (see for instance de Paoli (2009)).

To our knowledge little work has been done on the interaction between monetary and fiscal
policy in an open-economy environment with capital.®> This may look surprising because
the effectiveness and proper conduct of national macroeconomic policies should clearly
depend on international linkages between national economies. In particular, previous
literature omits capital as an input factor, while introducing this variable seems to be

crucial for the results of optimal fiscal policy.

In this paper, we study the dynamic properties of setting taxes and monetary policy

!See Benigno and Benigno (2003), Corsetti and Pesenti (2001), Corsetti and Pesenti (2005), Devereux
and Engel (2007), Obstfled and Rogoff (1998) and Sutherland (2006), among others.

2When departing from a cashless economy and introducing money explicitly, the additional recom-
mandation is to set the nominal interest rate equal to zero, a result known as the Friedman rule.

3The papers of Ferrero (2009), Gali and Monacelli (2008), and Pappa and Vassilatos (2007), dealing
with the optimal fiscal and monetary policy mix in a monetary union affected with idiosynchratic shocks
are notable exceptions. However, a multicountry monetary union with one monetary policy and several
fiscal instruments is a very specific framework, that significantly differs from ours. In addition those
papers do not consider capital accumulation.



optimally in a small open economy with capital and Calvo sticky prices, where households
trade consumption goods and engage in complete international asset markets. The set-
up is a standard new Keynesian DSGE open economy model in the spirit of Gali and
Monacelli (2005), in which the government levies distortionary taxes on inputs (capital
and labor) to provide individuals with an exogenously determined amount of public good.*
An independent regulation authority subsidizes firms to undo the distortions introduced
by imperfect competition. We adopt this solution to ease the comparison with the flexible

prices competitive economy.

Our approach solves the dual Ramsey problem in the context of a small open economy
with capital. We study the optimal taxation system both in the steady state and around
this steady state (dynamics). There are several ways in which the open dimension, com-
bined with the presence of nominal rigidities may change some of the traditional results
about optimal taxation. First, nominal rigidities may imply departures from the constant
interest rate rule. Second, terms of trade spillovers on labor supply, i.e. the impact of
changes in terms of trade on households’ wealth and labor supply, may change the dy-
namics of labor taxation. Third, terms of trade fluctuations introduce a distortion in the
price of capital goods relative to the price of consumption goods, that may change the
dynamics of capital taxation. We contrast the results of our economy with those arising

in a closed economy, and with those of an economy with flexible prices.

Our results may be summarized as follows. The open economy does not affect the optimal
steady state of the economy, as long as a symmetric steady state is considered, i.e. a steady
state where foreign and domestic consumptions are identical. This result does not hold
when considering an asymmetric steady state. In this case, the determination of steady
state allocations takes into account the terms of trade spillovers, leading to a different
steady state tax system. However, to ease comparison with the closed economy case,
dynamic results are presented around a symmetric steady state. Along this dimension, in
line with Correia et al. (2008), we find that price stickiness affects the optimal policy only
marginally both in closed and open economy. Tax rates differs from the flexible prices

solution for 2 periods only, and coincide from period 3 and onwards, to minimize the

4Public debt is not considered since optimal fiscal policies typically induce a unit root on fiscal instru-
ments in an envrionment with sticky prices, making approximation methods used to derive the dynamics
of variables around the steady state unreliable.



distortions implied by sticky prices on labor and consumption decisions. The volatility
of tax rates is thus increased while their persistence falls, due to large changes in the
first periods. Price stickiness therefore delivers qualitative and quantitative properties of
allocations, i.e. quantities, that are quite similar to those derived in an economy with

flexible prices.

The dynamic properties of the optimal policy in an open economy are quite different.
While they are qualitatively the same as those of a closed economy, significant quan-
titative changes in the volatility and in the persistence of the policy instruments arise.
Fluctuations in terms of trade, implied by the presence of complete international finan-
cial markets, affect allocations, i.e. the dynamics of consumption, hours and capital all
together, through changes in the price of consumption goods and the real wage. Tax rates
are both more volatile and more persistent. This result relates to the restatement of the
terms of trade spillovers in a problem of terms of trade stabilization and comfort those
obtained by Benigno and de Paoli (2010) in a richer framework, that includes capital

accumulation.

The paper is structured as follows. The model and its general equilibrium conditions are
presented in Section 2. Section 3 describes the parameterization used along the paper.
Section 4 reports the results on optimal monetary and fiscal policy both in the steady

state and dynamically. The paper concludes with Section 5.

2 The model

The model is composed of two areas: the domestic economy and the rest of the world, of
size n and 1 —n, respectively. Both areas differ in terms of size. In what follows below, we
denote rest of the world variables by an asterisk. In each country, households consume,
supply labor and accumulate physical capital that is rented to firms. Firms combine labor
and capital to produce differentiated varieties of goods. In each country, a competition
regulation authority subsidizes total sales and a government finances an exogenously given
amount of public expenditure using labor and capital income taxes, and keeps its budget

balanced over time.



2.1 Households

Each country is populated by a continuum of households with infinite life. The domestic

representative household maximizes a welfare index

Qo () = Eo Y _ B'u(ce (4) 4 () (1)
t=0
subject to the budget constraint

Ei{que41be41 () }+pece (5)+pike (5) = be (7)1 () +(1 — 7o) wely () +pern ki1 (7)== ()
(2)

where gy = 14+ (1 — 744) <;—i — 5) and subject to the appropriate transversality condition.

In Equation (1), the parameter (3 is the subjective discount factor, ¢; (j) is the consump-
tion bundle chosen by the representative agent, ¢, (j) is the quantity of labor competitively
supplied. In Equation (2), w; and z; are the nominal wage and return on physical capital
rental, IT; (j) = [, IL,(i, j)di refers to profits paid by domestic firms (operating on monop-
olistic competition markets), indexed by i, to the representative domestic household. The
variable b; () is a portfolio of state contingent assets held in period ¢ — 1, which pays in
units of domestic aggregate consumption, ¢;++1 denotes the stochastic discount factor for
one-period ahead nominal payments attached to the portfolio. Further, p.; and p; denote
the consumption price index (CPI) and the production price index (PPI), respectively.
p: also denotes the price of capital goods. Finally, =; is a lump-sum tax levied by the

competition regulation authority.

The representative household chooses ¢; (j), 4; (7), ki (§), and by (j) to maximize utility
(1) subject to the budget constraint (2). First order conditions imply

Uyt Wy

_ —(1—=1y =0, 3
uc,t ( ,t) pc,t ( )
u K p K
ﬁ( Ct+1) ( c,t ) :qt,t+1’ (4)
Ue,t De,t+1
p
Qi1 ——Thys1 = 1. (5)
Dt

Equation (3) is the standard labor supply function, describing the intratemporal trade-

off between consumption and leisure. Equation (4) is the Euler equation relating the



intertemporal choice of consumption as a function of inflation and the return on the fi-

nancial portfolio. Denoting r, = as the gross return on a risk-less one-period

1
Ei{qs,t+1}
bond, and taking conditional expectations on both sides of (4), the standard Euler equa-

Ue,t+1 Det
E : : =1.
b t{< Ue,t ) (Pc,t+1)}

Finally, taking conditional expectations on both sides of Equation (5) shows that net

tion writes

returns on disposable assets should be equal in equilibrium

p
E, {t—+17"k,t+1} =Ty
p

t

We follow Benigno and de Paoli (2010) and assume that the aggregate consumption of
the representative household is a composite of consumption of goods produced at home

(h), and goods produced in the rest of the world (f) according to

. 1 = 1 VA s

e () = (whene )T + (=) era ()T )"
where ¢ = 1 — (1 — n) « refers to the relative weight of home and foreign goods, which
is a function of the size of the domestic economy, n, and a measure of trade openness, «
(see Corsetti (2006), and Goldberg and Tille (2008)). Symmetrically, the consumption of

a representative household in the rest of the world is

* . *l * . p—1 * 1 * . p=1\ -1
()= (¢he )T + (= )e, ()T )
where ¢* = na.

We assume that the law of one price holds at the producer level. The companion con-

sumption price indexes are given by

Per = (9 () ™ + (1= @) (ep) )77,

1

Pet = (90 (515 1pt) u"’(l_@ )(pt)l M>1 ",

where ¢; denotes the nominal exchange rate, expressed as the price of foreign currency in

terms of the domestic currency.



In these expressions, 1 > 1 is the elasticity of substitution between domestic and foreign

goods. Standard Dixit and Stiglitz (1977) consumption subindexes are given by

I
Gali) = ((i) R )Tdi)&’c}’t@)((li”)l |

where ¢, (j) (cp4 (J), respectively) is the consumption of final goods produced at home

_6 _6

n - -1 ] 1 - -2
/ ch,m,jwdi) ,cf,tu):((l )/ cf,t@,j)edi) ,
0 —n "

S
S

=

|
:\
—_
O
%
T~
—~
.
.
~—
m‘l
A
QL
o~
SN—
ES
j
_

(in the rest of the world, respectively) by the representative, and 6 > 1 is the elasticity of

substitution across domestic varieties of final goods.

Accordingly, optimal demands of domestic varieties can be expressed as

onti) = (2) 7 (2) 7oy, i = £ (22) 7 () )

Households accumulate physical capital according to

Ty (]) =k (]) - (1 - 5) K1 (j)7

where x; (j) denotes the investment of household j, defined as a bundle of domestic goods,

i.e.
0

R 7-1
/ $t<2>])951d2) :
0

Optimization implies the following variety demand functions

i =2 (29) "a ).
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Finally, let us define terms of trade as

E4P}
S = —. 6
! Dbt ( )

This definition is meant to be consistent with the definition of the real exchange rate,

*
EtPet
Pe,t

of terms of trade, implying an increase of the competitiveness of goods produced in the

sp = Given this notational convention, an increase of s; denotes a deterioration

domestic economy.



2.2 Risk sharing

Under the assumption of complete international markets of state contingent assets, a

relation similar to Equation (4) holds in the rest of the world

*
Uex t+1 Pe €t
B " = qtt+1-
Uer Petr1 €41

Combining both domestic and foreign Euler equations gives the following risk sharing

condition
U e
c*t tlet
—= = =es]. (7)

Qlci ]7c¢

Equation (7) indicates that relative marginal utilities are related to the real exchange rate

*
u
o*

up to a constant € = that captures initial conditions on net foreign assets (see Chari

et al. (2002)).

UeST

2.3 Competition regulation authority and government

The competition regulation authority applies an optimal subsidy on firms’ sales 7,,, that

is financed through a lump-sum (non-distortionary) tax =,

| =i, [nina=o

Public expenditure of the government is composed of domestic varieties only

4

g = ((%) % /On gt(i)eﬂldi> : ,

Ji+1 = (1 - Pg) g+ pyg: + fg,t+1»

where

with £, being an iid innovation with constant variance. The government has access to
distorting taxes on inputs (labor and capital) to finance the exogenous stream of public
spending. We only allow for balanced-budget policies, therefore the budget constraint of

authorities in the domestic economy, expressed in nominal terms, is
ToaWily + Thy (20 — 0) k1 = Dege,

where ¢, = [, (§) dj, ke—1 = [} ki1 (j) dj and pge = [ pe (i) g¢ (i) di.



2.4 Firms

Firms, indexed by i, produce varieties (i) using domestic labor, I,(i), and physical cap-

ital, k;_1(7), according to the following production function:
Yt (Z) = atkt_l (Z)(Z> lt (2)1_¢ .
The total factor productivity, a;, evolves according to

a1 = (1—p,)a+p,a; + ga,tJrla

where £, ;. is an iid innovation with constant variance. Input prices are related by the

following efficiency condition

dwily (i) = (1 — ) zeky 1 (4)

and the nominal marginal cost, which is the same for all firms, writes

¢, 1-¢
<y Wy —1

I

Production prices are governed by Calvo (1983) pricing contracts. Only a fraction 1 —

mey (1) = mey

1 of randomly selected domestic firms is allowed to set new prices each period. The

corresponding optimal price set by a firm allowed to reset is

0 i (775)” Ey { M soYito (1) mergo }
Dy (Z) = r=0 ) ,
O=D@=7) S5 08) B Dt ()

v=0

where )\; is the Lagrange multiplier associated with the representative household’s budget

constraint and y; (7) is the aggregate demand addressed to firm 4
ye (i) = cne (9) + ¢y (1) + @0 (1) + g0 (4)

In this expression, ¢y (i) = [ cne (4,7) dj, ¢, (1) = fnl ¢y (i,7) dj, and g (i) = [ @ (3,5) dj.

In addition, is the steady state mark-up indicating the distortion caused by mo-

0
(O-1)(1—7y)
nopolistic competition in final goods markets.

Aggregating among firms and assuming that Calvo producers set the same price when

free to reset, the aggregate production price index is
_1
pe= (1 =n)p() " +ap )7

10



Defining the PPI inflation rate and the CPI inflation rate as respectively as m;, = pf’jl and

m = L2t the PPI inflation rate evolves according to’

pc,tfl,
0 v 1-0
0—1 1,¢
w4 (1 — ( —) =1,
e ( ) (0—1)(1—7,) vay

where

146_—1 \ _ maG
v1e — NBE, {Ul,t+17rt+1 7Tc,t+1} = uc,tytp_v
¢

0 -1
var — NBE, {U2,t+177t+177c,t+1} = Uc,tYt-

10
Finally, the dispersion of production prices, T; = fol [’%:)] di > 1, is given by

0 AN
Tt + 0= (o)
y b

2.5 Equilibrium

We focus on the case of a small open economy, i.e. n — 0, in deriving the optimal

monetary and fiscal policy. One implication is that CPIs can be expressed as
1
pz,t =p;, and p.t = ((1 —a) (pt>1—u +a (gtp;k)l—u) =

6
1 _ —1
Let us define aggregate output as y; = ((%) o fon yt(i)%di) """ The final goods market

thus clears according to
MK
v=(1—a) (1 —a+ ozsi_“) R ey 4 ast'et 4 1y + gy,
where ¢* is exogenous and constant. Finally, the labor market clearing condition is

[ utirdi = [ i = e,

the capital market clearing condition is

/On k(i) di = /On k)] = ko,

and the aggregate production is given by

ye =T a0

’See Appendix A for the derivation of these conditions.
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Finally, restoring the competitive steady state mark-up requires that the regulation au-
thority sets
Ty, = (1— 9)71 )

Let {R:},°0 = {re,Tns: Thi} oo be a sequence of monetary and fiscal policies.
Let {8}y = {ar, g:}720 be a sequence of exogenous shocks.
Let {Q:}ioy = {vr, nu, i, ki }32 be a sequence of quantities.

oo 00 .
Let {Pi}—g = {7, Pty Dot We, 20, My, S, V14, Vo, Ti 122 be a sequence of prices.

Definition An equilibrium is defined as an allocation {Q:};-, and a sequence of prices
{Pi}2, such that, (i) for a given sequence of prices {P;},-,, shocks {Si},, and a given
policy {R.},2,, the sequence {Q;},~, satisfies households first-order conditions (including
the transversality conditions), mazximizes firms profits and balances the budget of the gov-
ernment; (i) for a given sequence of quantities {P;},-,, shocks {S;},, and a given policy

{R:}2,, the sequence {P;},-, clears goods markets and factors markets.

3 Parameterization

Before turning to the analysis of the optimal monetary and fiscal policies, we assign

numerical values to our deep parameters to proceed with the numerical simulations.

Utility function. We adopt the following functional form of the utility function:

a()' ™ L
l1—o0o 1+

u (e (j),ne (j)) =

Preferences. We consider a quarterly set-up. The subjective discount factor, (3, is thus
equal to 0.988, consistent with an average annual real interest rate of 5% in the steady
state. The inverse of the intertemporal elasticity of consumption is ¢ = 2 as in Corsetti
et al. (2008). We set the inverse of the elasticity of labor supply with respect to wages, 1,
equal to 1. This value lies within the interval proposed by Canzoneri et al. (2007). The
elasticity of substitution between domestic and foreign goods is i = 1.5 as in Backus and
Kehoe (1994). The elasticity of substitution across domestic varieties of final goods is set

to § = 7, in accordance with Rotemberg and Woodford (1997).

12



Technology. The share of capital income in the GDP is ¢ = 0.36. The depreciation rate
0 is assumed to be 10% annually, i.e. 6 = 0.025. The degree of price stickiness, i.e. the

Calvo parameter, is n = 0.75, implying an average duration of 4 quarters for prices.

Shocks.  The characteristics of productivity and public expenditure innovations are
o(&,) = 0.007 and o (fg) = 0.01. The persistence of shocks is set to p, = p, = 0.9.
We also calibrate the steady state value public expenditure to represent 25% of the GDP,

ie. k=42 =0.25.
y

Openness. Finally, the degree of trade openness is & = 0 in the case of a closed economy
and o = 0.3 in the case of an open economy. This value is in between the interval of
parameters suggested by Gali and Monacelli (2005) and Pappa and Vassilatos (2007). In

the case of an open economy, we consider zero initial net foreign assets, i.e. € = 1.

4 Optimal monetary and fiscal policy

In this section, we present the Ramsey problem, and comment the implied results both in

the steady state and around the steady state when unexpected shocks hit the economy.

4.1 The Ramsey problem

We solve the dual form of the optimal monetary and fiscal policy problem, that consists
in finding the sequence {74y, Tj4, ¢}, associated with the equilibrium described above,

that maximizes individuals’ welfare. The Ramsey problem thus writes

Te,t: Tk,tsTt 0

Max EOZBt /nU(Ct (7). ¢ () dj

subject to the constraint that the resulting equilibrium is compatible with the equilib-
rium described by Egs. (8)—(19) in Appendix B. This problem is known to result in
time-inconsistent policies, as authorities may choose their policy instruments after agents
have formed their expectations about forward key variables, such as the inflation rate,
and therefore may take advantage of this situation in period zero. As a consequence, from
period one and onwards, authorities have an incentive to change their optimal policy since
agents now take into account prior commitments when forming their expectations. There-

fore, to avoid such inconsistency issues, we adopt the timeless perspective (see Woodford

13



(2000)) and assume that the optimization problem is constrained by some former prior
commitment, that is consistent with the optimal commitment chosen for period one and
onwards.® We thus solve our dynamic Ramsey program and analyze its dynamic proper-

ties when the economy is closed or open respectively.”

4.2 Steady state results

As shown in Appendix C, relations characterizing a decentralized equilibrium allow to
determine all variables in the steady state once (, 7) is determined. The latter is given
by the steady state resolution of the dynamic conditions implied by the Ramsey problem.
Given the functional forms of the model, analytical derivations of the Ramsey conditions
in the steady state are cumbersome. Thus, we provide some simulation-based results
to discuss the properties of the steady state tax rates obtained by solving the dynamic

Ramsey problem.

In particular, we stress the importance of domestic consumption in the steady state
compared to foreign consumption in determining the steady state tax rates. Due to
the risk sharing condition, whether a country consumes more or less than the rest of
the world in the steady state implies that his currency is depreciated or appreciated in
real terms. In particular, given that ¢ = 1, and that ¢* is exogenous, the definition of
e= (%) (a+(1-0) 31_“)1%/" imposes the value of terms of trade in the steady state.
Authorities are thus unable to manipulate terms of trade in the steady state. The steady
state conditions describing the decentralized equilibrium show that steady state relative
consumptions have an impact on the steady state level of consumption, for a given steady
state level of inflation and of the capital income tax rate (which, again derive from the

dynamic conditions). Indeed, as shown in Appendix C, the steady state domestic con-

sumption as a function of (m,7) writes

LARY) _1 z
¢ fa(e) 7 fs(0) = xaxs s

6Formally, the time inconsistency problem arises from the inconsistency between initial conditions and
dynamic optimal conditions. The timeless perspective assumes that the equilibrium is given by dynamic
conditions only, that describe the transition between period ¢ and t + 1, while initial conditions are
assumed away.

"We solve the Ramsey problem analytically (in level) using Matlab’s symbolic toolbox, and use
Dynare’s first-order approximation algorithm to simulate the model numerically. As shown in the liter-
ature (for instance Benigno and Woodford (2005)), this approach delivers an accurate approximation of
the policy problem.
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where

fi(@) = (=) (@) "+ (1) () —a))
and where

X1 = (1 =&)Y (@) " h(rh,me(n))® = 6h (74, me (7))

Xa = (L= 7¢ (r,me () me (m) (1 = ¢) h (74, me (m))°

are some functions of the optimal tax rate on capital income () and the optimal inflation

rate (), that do not depend on the degree of trade openness.

In a closed economy (v = 0), or when consumption in the small open economy is identical
to consumption in the rest of the world, fs (¢) = f3 (¢) = 1. In this case, the steady state of
the Ramsey problem is isomorphic to the closed economy equilibrium with flexible prices.
As in Chari et al. (1991), the steady state value of 74 returned by the dynamic system
is 7, = 0 and the steady state inflation rate is 7 = 1. Consequently, the implied labor

income tax rate is 7, = k (1 — ng)_l.

The way the open economy affects the steady state tax systems depends on steady state
relative consumptions. If one considers an economy with ¢ > ¢*, then the currency of
the small open economy is depreciated in real terms, i.e. s > 1 due to the risk sharing
condition. The CPI is thus higher than the PPI, which, with an unchanged tax system,
leads households to consume less, build a larger stock of capital and supply more labor.
To see this, notice that f, < 1 and f3 > 1 as long as ¢ > c* so that f, (c)fi f3(c) > 1 as
long as ¢ > 0, which implies that consumption is lower in the open economy than in a
closed economy ceteris paribus, i.e. for the same steady state tax rate on capital income

and inflation rate.

In this context, the attitude of the central planner consists in raising the tax rate on labor
income and to subsidize capital. Eventhough subsidizing capital reduces consumption,
the central planner seeks to limit the increase in the level of labor supply and to increase

the capital stock. The objective is to obtain a higher capital to labor ratio and therefore
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a higher PPI-based real wage, to limit the drop in consumption together with a limited
increase in labor supply. Considering an open economy where ¢ < ¢* generates opposite
effects. In this case, the relative price of capital goods increases, which tends to lower the
capital to labor ratio, and to increase the steady state capital rental. The central planner
thus finds it optimal to tax capital, in order to keep the Euler equation undistorted. Table
1 illustrates these effects and reports the steady state values of key variables (the tax rates,
inflation, output, consumption, hours, the capital stock, and the terms of trade) arising
from solving dynamic conditions from the Ramsey problem in the steady state. Table 1
reports three cases: (i) a steady state where ¢ > ¢* (first row), (ii) a steady state where
¢ < ¢* (second row) and (4ii) the symmetric case where ¢ = ¢*, where the steady state is

isomorphic to the case of a closed economy.

Table 1: Steady states implied by optimal policies for different relative consumptions
ratios

A =1.01 A =0.99 A =1.00

Tk —0.1914 0.1489 0.0000
To 0.4218 0.3602 0.3906
0 1.0000 1.0000 1.0000
Y 2.7735 2.6077 2.6906
c 1.3452 1.3839 1.3660
n 0.7499 0.7499 0.7499
k 28.369 23.905 26.076
s 1.0291 0.9719 1.0000
a: A=<

c*

Even for small differences in relative consumptions, the optimal steady state tax rate im-
plied by the dynamic Ramsey problem is not zero anymore. For instance, when domestic
consumption is 1% higher than abroad, the optimal capital income subsidy is 19.14%,
implying a 42.18% labor income tax rate. It is about 3 percentage points higher than in
the symmetric case, in order to balance the budget. In the opposite case, when domestic
consumption is 1% lower than abroad, the optimal tax rate on capital income is positive
and equal to 14.89%, allowing the labor income tax rate to be 3 percentage points lower
than in the symmetric case. Openness thus matters considerably in determining the op-

timal long run (steady state) tax system, as soon as asymmetry is considered in a set-up
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with a balanced budget.

In the remaining of the paper, however, we focus on the case of a symmetric steady
state only. For the sake of comparability between closed and open economies, all optimal
policies are computed around the same steady state, and the analysis focuses on dynamic

differences only. This is done in the next subsection.

4.3 Dynamics

In this section, we characterize the dynamic properties of the model when the economy is
closed with flexible (situation I) and sticky prices (situation II), and contrast them with
those arising in an open economy with flexible (situation IIT) and sticky prices (situation
IV). The main picture that emerges is the following. On the one hand, the assumption
of sticky prices does not make a big difference with respect to standard results when
prices are flexible both qualitatively and quantitatively, in the sense that optimal policies
under sticky prices tend to replicate the flexible price allocations, both in the open and
the closed economy. On the other hand, optimal policies in the open economy have
qualitatively similar implications than in the closed economy but significant quantitative

differences arise.

First, Figure 1 plots the Impulse Response Functions (IRFs hereafter) of the economy
after a positive productivity shock. We report the dynamics of these variables in the four

situations considered.

Qualitatively, Figure 1 presents standard results since a productivity shock increases out-
put, consumption, capital stock, hours, and the real interest rate. The optimal tax mix is
to increase labor income taxes to limit the increase in hours and to decrease capital income
taxes, i.e. applying a negative capital income tax rate, to subsidize capital accumulation
and therefore limit the increase in consumption. The labor income tax rate varies little
while the capital income tax rate exhibits very large variations. Stockman (2001) finds
that capital income taxes are negatively correlated with productivity shocks while labor
income taxes are positively correlated with productivity shocks. In his view, when the
government faces balanced-budget constraints, changes in the capital income tax rates try

to emulate the insurance provided by debt returns in models with debt. In these models,
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Figure 1: IRF's after one percent positive productivity shock.
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after a positive productivity shock, both tax rates are kept almost constant and debt
decreases, acting as a shock absorber. Therefore, agents allocate more wealth to private
assets (capital) and the latter rise significantly. In a balanced-budget model, this increase
in private assets (physical capital) is emulated with a sustained drop in capital income
taxes. This argument clearly applies to our framework. The drop in capital income taxes
is large enough to require a slight increase in labor income taxes. The magnitude of the
latter is limited since this tax rate is large in the steady state, which implies that small

variations of the rate have large effects on the government’s fiscal receipts.

Comparing the dynamics in a closed economy with sticky vs. flexible prices shows that the
optimal policy under sticky prices actually seeks to replicate the flexible prices equilibrium,
a result made standard by the literature on monetary policy initiated by Woodford (2003)
among others. In a balanced-budget framework, the optimal tax system under sticky
prices differs from the optimal tax system under flexible prices for 2 periods only, and
both dynamics are identical from period 3 and onwards. After a productivity shock, PPI
inflation increases in the first period and decreases in the second period, while tax rates
adjust to stabilize the real marginal cost quickly. The objective is to stabilize the marginal
cost as quickly as possible, while minimizing the distortions on labor and consumption
decisions implied by sticky prices. In particular, the paths of consumption and hours are
made almost perfectly identical under flexible and sticky prices by the central planner.
The fact that tax rates react aggressively is thus to be related with the result of Correia
et al. (2008) according to which under sticky prices with debt, a tax system allowing to
replicate flexible prices allocations always exists. In our framework, however, the perfect
replication of allocations, i.e. of quantities, is made impossible by the absence of debt,
although the allocations under sticky prices only differ marginally from allocations under

flexible prices.

The open economy plays a more interesting role, since it affects allocations for several
periods. First, as foreign consumption is exogenous and constant, the risk sharing con-
dition induces a direct relation between consumption and terms of trade. In the case of
a positive productivity shock, as consumption increases, terms of trade increase (worsen)
to deflate the wealth of domestic households and inflate that of foreign households. As in

the open economy the CPI differs from the PPI, and as it incorporates the relative price
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of foreign goods, an increase in terms of trade results in an increase in the CPI. The latter
has three important consequences when considering an open economy: (i) the increase
in consumption is much lower, (ii) in order to smooth consumption, households increase
their labor supply by more than in the closed economy case, and (i) the relative price
of capital goods (with respect to consumption goods) drops. Therefore, the increase in
consumption is much lower while the increases in labor supply and in capital accumulation
are both higher. The optimal tax system is qualitatively the same in the open economy
(increase the labor income tax rate and lower the capital income tax rate), but movements
in tax rates are both larger and more persistent. In particular, a larger increase in the
labor income tax rate is able to limit the additional increase in labor supply triggered by

the depreciation of terms of trade.

Similar mechanisms are at work in the case of a positive exogenous public spending shock,

depicted in Figure 2.

A public spending shock has standard effects as an increase in output and hours is ob-
served, while both capital accumulation and consumption drop due to crowding out effects.
The optimal combination of tax rates consists in rising the capital income tax rate, and
in decreasing the tax rate on labor income. In a closed economy, this pattern arises be-
cause the central planner tries to replicate the drop in private assets (capital) observed
in models with debt, where debt increases significantly to absorb the shock and the stock
of private assets shrinks. In our balanced-budget framework, a comparable decrease in
private assets is reached with a large increase in capital income taxes, large enough to

allow labor income taxes to drop, although modestly.

Again in this case, the presence of sticky prices does not have a significant impact on
resulting optimal allocations, whereas openness matters quantitatively. Indeed, the drop
in private consumption drives the terms of trade down (terms of trade improve), and
domestic households enjoy a larger purchasing power, therefore reducing the size of the
drop in private consumption. Because terms of trade improve, the relative price of cap-
ital goods increase (as shown by the difference between the CPI-based real interest rate
and the PPI-based interest rate), inducing a shift in private expenditure from capital to

consumption goods, and amplifies the drop in capital accumulation. The open economy
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also deeply affects the response of labor supply. The CPI-based real wage increases, and
households tend to decrease their labor supply. The government has to lower labor income
taxes by more than in the case of a closed economy to undo the distortion between the
marginal utility of consumption and the marginal disutility of labor implied by variations
in terms of trade. As in the case of productivity shocks, changes in tax rates are larger

than in a closed economy.

In a nutshell, the IRF's show that both sticky prices and the open economy have qualita-
tively similar implications in terms of dynamics under Ramsey policies. However, while
sticky prices do not seem to matter a lot quantitatively, openness affects significantly
the dynamics of the economy as compared to the case of a closed economy. To con-
firm these results, Table 2 provides some simulation-based results summarizing the main

characteristics of optimal policies under the four considered situations.

First, Table 2 shows that tax rates are more volatile in the case of sticky prices. Stabilizing
the distortions implied by sticky prices is achieved by movements in tax rates and not by
movements in the nominal interest rate. As a matter of fact, the latter exhibits very little
volatility, and this volatility is almost unaffected by the various assumptions. This result
is thus closely related to that of Correia et al. (2008). Changes in tax rates are larger than
when prices are flexible but in initial periods only. Consequently, their persistence collapses
in comparison to the flexible price equilibrium. Second, compared to the effect of sticky
prices, openness makes a larger difference, both in terms of volatility and persistence of tax
rates. In an open economy, tax rates are systematically more volatile — conditionally on
the assumption made on prices (sticky vs. flexible) —and more persistent. The mechanisms
behind the larger volatility and persistence of tax rates relate to movements in terms of
trade that (i) alter the dynamics of private consumption by affecting the CPI inflation
rate, (77) induce shifts between expenditure in capital goods and consumption goods by
creating a wedge between the CPI-based and the PPI-based real interest rates, and (i)

affect labor supply decisions through terms of trade spillovers.®

8Some sensitivity analysis (not reported) shows that our results are qualitatively robust to changes in
preference parameters, with marginal quantitative changes.
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Table 2: Characteristics of the optimal policies

I IT 111 v
Capital income tax rate (7j4)
Mean 0.0000 0.0000 0.0000 0.0000
Standard deviation 0.0533 0.0631 0.0635 0.0664
Autocorrelation 0.6875 0.3687 0.6938 0.6459
Correlation with output —0.4071 —0.4324 —0.4967 —0.4295
Correlation with productivity —0.5205 —0.5384 —0.5992 —0.5397
Correlation with public spending 0.8525 0.7411 0.7999 0.8278
Ex-ante capital income tax rate
Mean 0.0000 0.0000 0.0000 0.0000
Standard deviation 0.0418 0.0405 0.0515 0.0514
Autocorrelation 0.6900 0.6898 0.6936 0.6936
Correlation with 74 ; 0.6895 0.4527 0.6945 0.6593
Correlation with output —0.3028 —0.2870 —0.3740 —0.3588
Correlation with productivity —0.3677 —0.3516 —0.4225 —0.4119
Correlation with public spending 0.6000 0.6112 0.5490 0.5567
Labor income tax rate (7,4)
Mean 0.3906 0.3906 0.3906 0.3906
Standard deviation 0.0018 0.0037 0.0036 0.0040
Autocorrelation 0.6873 —0.0897 0.6985 0.5924
Correlation with 74 —0.9468 —0.8472 —0.9766 —0.9817
Correlation with output 0.3776 0.3098 0.6427 0.4871
Correlation with productivity 0.4979 0.3901 0.7367 0.5935
Correlation with public spending —0.7863 —0.4198 —0.6663 —0.7446
Real or nominal interest rate®
Mean 1.0121 1.0121 1.0121 1.0121
Standard deviation 0.0008 0.0006 0.0009 0.0009
Autocorrelation 0.6893 0.8033 0.6885 0.6303
Correlation with 7,4 —0.9055 —0.6869 —0.9313 —0.8538
Correlation with 74 0.8972 0.2716 0.9815 0.8554
Correlation with output 0.7260 0.6233 0.7492 0.7678
Correlation with productivity 0.8124 0.7026 0.8333 0.8515
Correlation with public spending —0.5592 —0.5960 —0.5418 —0.4939

I: Closed economy and flexible prices / II: Closed economy and sticky prices
III: Open economy and flexible prices / IV: Open economy and sticky prices

a: In the case of flexible prices, the nominal rate is also the real rate since m; = 0, V¢.
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5 Conclusion

This paper contributes to a growing literature on optimal monetary and fiscal policy. In
a small open economy with sticky prices and capital, we compute the optimal Ramsey
policy. We show that sticky prices have little impact on optimal allocations in the sense
that optimal policies under sticky prices are designed to replicate allocations under flex-
ible prices. On the contrary, openness matters both in the steady state and in terms of

dynamics. The main results are as follows:

e Taxes are the preferred policy instrument to deal with nominal rigidities in the
economy, not the nominal interest rate. The assumption of sticky prices affects the
optimal dynamics of tax rates during the first periods after a shock, but correspond-
ing allocations under sticky prices are almost indistinguishable from those arising
in a flexible price equilibrium. This result hold both in a closed and in an open
economy. Optimal policies under sticky prices thus induce more volatility in tax

rates, but sharp movements in the first periods drive their persistence down.

e The open economy has larger and more persistent effects on the optimal dynamics
of tax rates. The inclusion of international trade in goods and assets induces move-
ments in terms of trade, that affect the economy through the implied disconnection
between the CPI and the PPI. Consumption, capital accumulation and labor supply
are affected all together, and although optimal movements in tax rates are qualita-
tively similar to those obtained in a closed economy set-up, significant quantitative
differences arise. Open economy allocations are quite different from closed economy
allocations, even when the steady state considered when the economy is open is

isomorphic to that of a closed economy.

This paper is a first attempt to characterize optimal fiscal and monetary policy in an open
economy set-up with sticky prices and capital accumulation. Due to the complexity of the
model, we are not able to derive analytical results, which calls for further investigations.
The analysis also imposes balanced-budget restrictions and abstracts from debt issues.
These may be considered as an interesting extension to provide policymakers with more

accurate policy recommendations.
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A Recursive formulation of pricing conditions
Putting price setting behavior in a recursive problem, we start from:

Dy <Z> _ 0 D1
ygs 0 — 1ptp2,t’

o)
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and using a recursive transformation:
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B Summary of equilibrium conditions

Equilibrium conditions are expressed in real terms. We therefore define the real wage as
Wy = %, and real capital rental as ¢, = ;—i.
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C Some steady state relations

The steady state of the economy is given by assuming a = 1 and g = ky. First, The
definition of CPI inflation gives 7. = 7 always. From the Euler equation, we get

5=

r
m
The arbitrage condition between assets yields

-1
(=2—"14s

1_Tk

which determines ( conditionally on 7. Normalizing p = 1 due to the absence of money
in the model, marginal cost and input efficiency imply

O
C = mC(b <Z) )

which determines w and the capital-labor ratio once mc and 7, are determined. Indeed,

1
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Pricing conditions imply
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which uniquely determines mc and T once 7 is known. We thus denote these functions
as me(m) and T (7).

The risk sharing condition determines s once ¢ is known, since ¢* is exogenous. Thus we
use

= (=t (@7 =)

Using the aggregate production function y = T (7r)_1 (%)d)f, and the capital-labor ratio,
the goods market clearing condition gives

((1 &)Y (1) b (e, me (7))® — R (74, me (7r))> 0=cfs(c), (20)
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where
* u

falo)=(1—a)fy"+ o= ((1 —a)™! <(c£*)0(“—1) _ a))ﬁ

Cc

0= (1o om0y )

Using previous relations, the government budget constraint helps determining 7, condi-
tionally on (7, 7%)

kY (7T)_1 — T (mc (m) ¢ — Oh (Tg, me (W))1_¢)
(1 —¢)me(m) '

7o (Tg, me (7)) =

Thus, labor supply writes
¢ = (1= ¢ (g, me () me () (1 = @) b (i, me (1)) fa (e), (21)

or equivalently,

Al

0= (1= (rsme (7)) me (7) (1= 6) b (4, me (7))° f2 (c))

Combining (20) and (21), we get ¢ as a function of (, 7y)

1

ot 1 1
c v fa(c)¥ fz(c) = xaxs
where

X; = (1 =&)Y (@) h(rh, me(n))? = 6h (14, me (7))
X2 = (1 = 7¢ (&, me (7)) me () (1 = @) h (i, me (7))*

All variables are determined conditionally on a certain policy in the steady state (m, 7y),
that is determined after solving dynamic conditions of the Ramsey problem.
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