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Abstract

This paper analyses the international dimension of fiscal policy using a small open economy
framework in which the government finances its spending by levying distortionary taxation
and issuing non-state-contingent debt. The main finding of the paper is that, once the open
economy aspect of the policy problem is considered, it is not optimal to smooth taxes
following idiosyncratic shocks. Even when prices are flexible and inflation can costlessly act
as a shock absorber to restore fiscal equilibrium, the presence of a terms of trade externality
lead to movements in the tax rate. Also in contrast with the closed economy, the introduction
of sticky prices can reduce the optimal volatility of taxes.
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1 Introduction!

This paper aims at analyzing the international dimension of fiscal policy. The neoclassical literature
on optimal fiscal policy has focused mainly on closed economy models suggesting that, when taxes are
distortionary, welfare would be maximized if taxes are smoothed over time and across states of nature
(see Barro, 1979 and Lucas and Stokey, 1983). In these models, if possible, taxes would be essentially
invariant (see Lucas and Stokey, 1983 and Chari, Christiano and Kehoe, 1991) or would follow a random
walk (see Barro, 1979, Aiyagari et al. 2002).

Our analysis shows that in a small open economy optimal policy departs from tax smoothing.
As emphasised in Corsetti and Pesenti (2001) and Obstfeld and Rogoff (1998), policymakers in open
economies are influenced by a “terms of trade externality”. In an open economy that is a monopolist
producer of its own goods, a real exchange rate appreciation can lead to higher welfare by allowing
domestic agents to consume more for lower levels of domestic production. Thus, policymakers have an
incentive to use fiscal policy to exploit this externality. As a result, distortionary taxes vary over time
and across states of nature under the optimal plan.

The afore-mentioned incentive is similar to the one discussed in the recent international monetary
policy literature. Considering a model in which taxes are lump sum, Tille (2002), Benigno and Benigno
(2003), Sutherland (2005), De Paoli (2008), among others, find that optimal policy deviates from price
stability in order to allow policymakers to strategically manage the terms of trade. That is, in the
monetary stabilization case, inflation varies over time and across states of nature. Our analysis also
explores the implications of the terms of trade externality for the behavior of inflation when both fiscal
and monetary stabilization issues are present.

Our work is also related to recent contributions that analyse monetary and fiscal policy interactions
in open economies. Beetsma and Jensen (2005) study these interactions in a two-country monetary
union model in which public spending delivers utility to the consumer but taxes are lump sum. Similar
assumptions are considered in Gali and Monacelli (2008), who examine a continuum of small economies
in a currency union setting. Lombardo and Sutherland (2004) investigate the costs and benefits from
fiscal cooperation in a two-period version similar in the structure as in Beetsma and Jensen (2004).
Ferrero (2008) presents a currency union model in which lump sum taxes are not available to fiscal
authorities and derives the optimal plan under commitment for the fiscal and monetary stabilization
problem. In another interesting work revisiting the issues in the optimal currency area literature, Adao,
Correia and Teles (2006) examine the implications of the choice of exchange rate regimes for fiscal
policy. In contrast to these studies, our work concentrates on the analysis of a small open economy, in
which strategic interactions between countries can be dismissed.

Our small open economy is characterized by a set of standard assumptions. Firms are monopolistic
producers of differentiated goods and the economy is perfectly integrated with the rest of the world.
Indeed there are no trade frictions (i.e. the law of one price holds) and capital markets are perfect
(i.e. asset markets are complete). Following the recent contributions by Benigno and Woodford (2003),

Schmitt-Grohe and Uribe (2004) and Siu (2004) we allow for distortionary income taxation and restrict

1 Gianluca Benigno would like to thank the World Economic and Finance program for the ESRC grant RES-165-25-0018
under which this research was supported.



government debt to one period nominal or real riskless bonds.2

In order to highlight the fiscal dimension of the optimal policy problem, our analysis focuses initially
on the case of flexible prices. In this setting, policymakers in the small open economy face different policy
incentives. On the one hand, there is an incentive to avoid distortions on households’ consumption-
leisure choice caused by fluctuations in income taxes. And on the other hand, there is an incentive
to exploit the “terms of trade externality” by varying income taxes. This is because movements in
the level of distortionary taxation may induce a real exchange rate appreciation, which, as mentioned
above, may lower domestic disutility of production without a corresponding decline in the utility of
consumption.? Thus, while in a closed economy tax smoothing is optimal; in an open economy varying
taxes may improve welfare.

Once we allow for sticky prices, inflation generates inefficiency in the allocation of resources. In this
case, both inflation and taxes create distortions in agents’ consumption-leisure decisions. But, for this
exact reason, inflation, like taxes, can also be used to exploit the terms of trade externality. So the
introduction of price rigidities could reduce the variability of taxes under the optimal plan.

Our quantitative results show that, compared with taxes, the optimal volatility of inflation is sig-
nificantly lower, suggesting that the cost of inflation overshadows the inefficiency caused by taxation.
This result is an outcome of the trade-off between price stability and tax smoothing that arises from
the presence of the terms of trade externality. Thus, it is not an outcome of a trade-off (emphasized
by the Benigno and Woodford (2003), Schmitt-Grohe and Uribe (2004) and Siu (2004)) between price
stability and tax smoothing that arises when inflation can be used as a fiscal stabilizer, i.e., when the
government issues nominal bonds. Our quantitative results hold independently of the denomination of
government bonds.

In terms of the methodology, we follow a linear-quadratic approach (as proposed by Benigno and
Woodford (2003) and Sutherland (2002)) and characterize a utility-based loss function for a small
open economy. Our work encompasses as special cases the closed economy framework (Benigno and
Woodford, 2003) and the small open economy case in which there are endogenous lump sum taxes (De
Paoli, 2008). Under flexible prices the loss function can be written as a quadratic expression of output
and real exchange rate gaps. With price rigidities, the variability of domestic producer inflation also
affects welfare.

The linear quadratic approach also allows us to derive simple policy rules that describe the optimal
state-contigent responses to shocks. We do so by deriving targeting rules a la Svensson (2003). In
particular, the optimal plan is composed by two rules: one that specifies targeting a linear combination
of domestic producer inflation, domestic output growth and changes in the real exchange rate and
another that seeks to stabilize expected producer inflation to zero.

The reminder of the paper is structured as follows. Section 2 describes the structure of the model;
section 3 present the model in log-linear approximation; Section 4 discusses the policy problem while

the analysis of the optimal policy plan is conducted is Section 5. Section 6 concludes.

2Qur approach, however, does not consider state-contingent debt and alternative forms of distortionary taxes, as in
Correia et al. (2003). These authors assess how this rich set of policy instruments could lead to equivalence between the
flexible-price and the sticky-price equilibrium.

3The validity of this claim depends on the specified values for the structural parameter (in particular the elasticity of
intertemporal and intratemporal substitution).



2 Model

2.1 Household behavior

We consider a two-country framework, a small open economy and the rest of the world. Each country
is populated by agents who consume a basket of goods consisting of home and foreign produced goods.
The model follows closely the one proposed by De Paoli (2008) and Gali and Monacelli (2005) for the
case in which there is no fiscal policy stabilization problem. We consider a very simple small open
economy model in which markets are complete and producer currency pricing holds.

There is a measure n of agents in our small open economy, that have the following utility function:

Ul =E Y B [U(C]) = V(ys(h),ev.s)] (L)

s=t
Households obtain utility from consumption U(C) and contribute to the production of a differentiated
good y(h) attaining disutility V' (y(h), ey ). Productivity shocks are denoted by ey, s. We abstract from
any monetary frictions by considering a cashless economy as in Woodford (2003, chapter 2). The
consumption index C' is a Dixit-Stiglitz aggregator of home and foreign goods as

o
6-179—1
0

1 ot 1
C=lvhey” +(1-vhcy
where 6 > 0 is the intratemporal elasticity of substitution and C'y and C'r are the two consumption
sub-indexes that refer, respectively, to the consumption of home-produced and foreign-produced goods.
v is a function of the relative size of the small economy with respect to the rest of the world, n, and of
the degree of openness, \: (1 —v) = (1 —n)A\.
Similar preferences are specified for the rest of the world:
C=[vhey +-v)ioT 9% @)
with v* = nA.
Note that the specification of v and v* gives rise to home bias in consumption, as in Sutherland
(2002). The size of the bias decreases with degree of openness A. Moreover, the proportion of foreign-
produced goods in Home consumption preferences is proportional to Foreign size and the proportion of

home-produced goods in Foreign consumption preferences is proportional to Home size.

We have
13’/n()“vldﬂc— ! i/l()”“ldﬂ 3)
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where o > 1 is the elasticity of substitution for goods produced within a country. The consumption-

Cy =

based index for the small open economy that corresponds to the above specifications of preferences is
given by:
o
p= [vp};" +(1-w) (PF)H} >0 (4)
where Py is the price sub-index for home-produced goods expressed in the domestic currency and Pp

is the price sub-index for foreign produced goods expressed in the domestic currency.
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The law of one price holds: p(h) = Sp*(h) and p(f) = Sp*(f), where S is the nominal exchange rate
(the price of foreign currency in terms of domestic currency). We define the real exchange rate as
_ SP*
RS = 25-.
We assume, as in Chari et al. (2002), that markets are complete domestically and internationally.

As a result, marginal utilities of income are equalized across countries at all times and states of nature:

UC (Ct*+1) Pt* - UC (Ct+1) St+1Pt

= 6
UC(C?) t*+1 UC(Ct) StPt+1 ()

Given our preference specification, the total demands of the generic good h, produced in country H,
and of the good f, produced in country F, are respectively:

y(h) = [pl(az)}o{[%]e opic Cinll) <1>90* +G}

n
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where G and G* are country-specific government purchase shocks.
To characterize our small open economy we use the definition of v and v* and take the limit for

y?(h) = {’;()m - { [I;f} - (1-X)C+ A <RlS> -’ c*

y'(f) = [ﬁgﬁ)] et an

n — 0, so that

+ G} (7)

2.2 Price setting mechanism

Prices follows a partial adjustment rule a la Calvo in which in each period a fraction « € [0,1) of
randomly chosen firms is not allowed to change the nominal price of the good it produces. The remaining
fraction of firms (1 —«) choose prices optimally by maximizing the expected discounted value of profits*.

Therefore, the optimal choice of producers that can set their price p:(j) at time T is:

t pe(d)\ 7 pt(j) Pur omur Vy @) evir) ] |
E, {Z(aﬁ)T Ue(Cr) <PHt> Yur {PH,T Pr O —70)o—1) 0U.(Cr) }} =0 (8)

Monopolistic competition in production leads to a wedge between marginal utility of consumption

and marginal disutility of production, represented by T cnit Movements in the tax rate 74 affect

—r)(o—1)"
this wedge and generate distortions in agents choice betv;e)zizn C)onsumption and labor. However, dif-
ferently from to the case studied in De Paoli (2008), changes in the tax rate are no longer exogenous.
We allow for exogenous fluctuations in this wedge by assuming a time varying mark-up shock mau,’.
Given this price setting specification a la Calvo, the price index evolves according to the following law

of motion:

4 All households within a country that can modify their price at a certain time face the same discounted value of the
streams of current and future marginal costs under the assumption that the new price is maintained. Thus they will set
the same price.

5This mark up shock is introduced in order to allow for the evaluation of pure cost push shocks. It can be interpreted
as a shock to the level of monopolistic power of firms. Alternatively, it may be thought as a shock to wage mark up in an
environment where the labour market is also characterized by imperfect competition and differentiated labour input.



(Pro)' ™7 = aPy % + (1= a) (Bi(h)) 7 (9)

2.3 Government budget constraint

In the present framework we consider two alternative specifications for government debt. In particular,
we consider the case in which the government issues bonds denominated in domestic currency and the
case in which public debt is denoted in real terms (or, in other words, debt is indexed to consumer price
inflation). The structure of the debt denomination is exogenously given. Moreover, we abstract from
the existence of seigniorage revenues.

In the first case we focus on the situation in which the government issues one period nominal risk
free bonds expressed in local currency units, collects taxes and faces exogenous expenditure streams.

Government debt D}, expressed in nominal terms, follows the law of motion:
Dy = Dy (1 +idt-1) — Pr s
where s; is the real primary budget surplus:
st =7¢Yr — Gy —Try
and G; and Tr; are exogenously given government purchases and (lump-sum) government transfers,

and 7; denotes income tax rate. We define

n D?(1+lt)
A

in order to rewrite the government budget constraint as

(1—|—it) Py )
I, + P, s¢(1+ 1) (10)

m __ gn
t _dt—l

Besides the case of nominal bonds, we consider the case in which the government issues a riskless real
one-period bonds (D), or, equivalently, the case in which government bonds are indexed to consumer

price inflation. Under this specification, the government budget constrain can be written as:

Py
P,

diy =dj_(1+id) + se(1+143) (11)

where
dy = Dy (1+1})

The implication for fiscal and monetary policy for the different denomination of debt are explored later.

Note that we can obtain expressions analogous to (8), (9), (10) and (11) for the foreign economy.

3 A log-linear representation of the model

We approximate the model around a steady state in which the exogenous variables ¢, ;, G; and mu;

take constant values g, G > 0 and Tom > 1. We further focus on a steady-state in which g =



Pg+/Pas—1 = 1. In this steady-state RS = 1, C = C*, Y = Y* and Ux(C,0) = /ﬂ_/y(}_/,O)6. Log
deviations from the steady state are denoted with a hat.

The small open economy system of equilibrium conditions derived from log linearizing equations (8),
(7), (6), (10), (11) and (4) is given by the following set of equations (see Table 1):

Table 1: System of log-linear equilibrium conditions

Phillips Curve
~H _ A o~ ~ . ~H
T, =k (/J‘C'f, +nY; — pg + MUy + wTy — 77€Y,t> + BET

Demand

Vi = —0py + (1= NC + AC* + OARS, + 4,

Risk Sharing Condition

Gy =C; + LRS,

Government Budget Constraint

C?t =dgs(1 - 6)(_9675 - ﬁRSt) +7(Te + ?t) - g+ ,BEtJtH

Price Index

(1= M\)pu +ARS =0

*where dy=dy_1—dss(aARS;+b7H)—pd,sCy

The first equation is derived from the price setting condition (8) and represents the Phillips Curve
for our small open economy’. By inspection of this equation we can see that a policy of pure domestic
price stabilization, i.e a policy that sets %fI = 0 in every state, and for every period leads to the same
equilibrium allocation that would arise in the case of perfectly flexible prices, i.e. when o = 0 and
therefore k — 0o. The demand equation is derived from log-linearizing condition (7). The government
budget constraint is represented in a compact form in order to allow for different type of bonds. We
can set a = A/(1 — ) and b =1 to retrieve the nominal bonds case and a = b = 0 for the case of real
bonds. The last equation is derived from the price index (4) and describes the relationship between
domestic relative prices and the real exchange rate.

Note that in the case of zero steady state government debt, the denomination of government debt is
irrelevant for the dynamics of the small open economy. In this case, the government budget constraint

becomes:

6This specification implies a specific level of initial distribution of wealth across countries. Appendix A contains the
full characterization of the steady state.

"We denote: py ¢ = In(Py¢/P:), Tut = n(Pyt/Pi—1), ot = Gt=G .nd dy = dt—d Moreover, as shown in the
appendix, p represents the coefficient of relative risk aversion and 7 the inverse of the elasticity of goods production. Also

= %, w= é and dss = % Appendix B has a detailed derivation of the approximations.

we define k



C/l\t—l =7(T¢ + ﬁ) -0+ ﬁgl\t (12)

The system of structural equilibrium conditions is closed by specifying the monetary and fiscal policy
rules. Given the domestic exogenous variables €, ;,g¢, mu, and the external shock C’;" , we can determine
the dynamics of lA/t, }/h\gt, @,%{I, c?t and Py +°.

Foreign dynamics are governed by the foreign Phillips curve, demand condition and government

budget constraint:

Table 2: Foreign system of log-linear equilibrium conditions

Phillips Curve

7 =k (pCi 4 ¥y W 4T~ ey, ) + AR
Demand

Ve =Crig

Government Budget Constraint

di = —pdss(1 = B)C; +7*(7; + V) — 67 + BEdy,

* TR _ T g% ok o g% Orx
where df =d}_,—d} a7} —pd: C}

The specification of the foreign policy rules complete the system of equilibrium conditions which
determine the evolution of Yt*, C*, J’t" , 71 and 7,. We should note that the dynamics of the rest of the
world is not affected by Home variables. Therefore, policymakers in the small open economy can treat
C} as an exogenous shock. Moreover, the policy choice of the rest of the world and the denomination

of foreign public debt do not influence how C} affects the small open economy.

4 Welfare measure

In a microfounded model a natural measure of welfare is the expected utility of agents belonging to the

economy. In our small open economy this can be written as:

W = E, {i BT U(Cy) = Vi(ye (h) a€Yt)dh}} . (13)

t=to
We assume that the policy authority’s goal is to maximize domestic welfare. We obtain the objective
function from a second-order approximation of the utility function, or, equivalently, a second-order

Taylor expansion of Equation (13). As shown in the Appendix, the Taylor expansion implies

)

ét—%?t'f‘%(l_ﬂ) ;

(774-1)(}/};t 7 H)2 +t2p+0(||§||3) (14)
o

Wi, = UCEy, Y 8" [

t
_1 2,,)2 1o
2 (n+1)5Y»t) 2 ki (f

8In order to retrieve the value of the nominal exchange rate and interest rate we can use households’ intertemporal
choice (i.e. the Euler equation) and the definition of the real exchange rate.



where the term ¢.i.p stands for terms independent of policy, that is, constants or function of exogenous
shocks that are not affected by the policy choice. The term O(||¢]|?) refers to terms of order strictly
higher than two. And the parameter y denotes the steady state degree of monopolistic distortion, i.e.

Following the method of Benigno and Woodford (2003) and Sutherland (2002), we use a second
order approximation to some of the structural equilibrium conditions in order to eliminate the linear
terms that appear in Equation (14). It follows that the loss function for our small open economy can

be expressed as a quadratic function of XAQ, I%t, and %f :

L, =UCEy, Y _f' [;éy@? + %@Rsﬁf - %@ﬁ(ﬁff )| + ti.p, (15)
where the 75, = (f/{:S't - ]%f), U = (Y; — YT) are the welfare-based gaps, and Y, and ]%tT are the
target output and real exchange rate that are functions of exogenous shocks while the weights &y, ® g
and ®, depend on structural parameters of the model. These are defined in appendix B.

The welfare function (15), indicates that policymakers should seek to minimize the discounted value
of a weighted sum of squared deviations of inflation from zero and squared fluctuations in the output
gap and real exchange rate gap. As in De Paoli (2008), the open economy dimension of the model
implies the existence of a real exchange rate gap in the policy objective function.

The current model features three economic frictions that are common to the closed economy counter-
part (which can be replicated in our framework by setting A = 0): (a) monopolistic competition which
generates an inefficient level of production; (b) staggered prices, which create dispersion of output
across the differentiated goods; and (c¢) distortionary income taxes that give rise to a wedge in agents’
consumption-labour decisions. Therefore, parameters such as the degree of monopolistic competition
u, the degree of price stickiness «, and the steady state level of government taxes 7 are important
determinants of the weights ®, and ®y in the loss function.

In an open economy, however, another policy incentive arises. As described in Corsetti and Pesenti
(2001) "In an open economy there exists an economic distortion that is directly associated with openness,
namely, a country’s power to affect its terms of trade by influencing the supply of labour product. [...]
the improved terms of trade allow domestic agent to finance higher consumption for any given level of
labour effort.” The linear terms in equation (14) capture analytically this policy incentive: the welfare
expression in a small open economy is affected by the unconditional means of consumption and output,
and these terms depend directly by the real exchange rate. In particular when we set = (1— )71, the
term E[@t - %] can be rewritten as a function of E[(1 —p@)ﬁgt].g That is, the unconditional mean of the
real exchange rate has a direct impact on welfare. This term represent the “terms of trade externality”
as in highlighted in Obstfeld and Rogoff (1998).1° Note that in Gali and Monacelli (2005), where the

policy problem in an open economy is isomorphic to a closed economy, the linear term is cancelled by

9As shown in De Paoli (2004), the assumption of gy = (1 — A\)~! guarantees that the steady-state is efficient when
pf = 1. Moreover, when p = (1 — )\)’1, using the first order approximation of the demand equation and the risk sharing
condition, this term E[C; — %] can be expressed as a function of E[(1 — p@)}%}] Thus, to a first order approximation,
the linear terms in equation (14) can be expressed by E[(1 — pG)I/%TSt].

10For alternative works that similarly identify the terms of trade rate externality, see Corsetti and Pesenti, 2001, Benigno

and Benigno, 2003, Arseneau, 2004, among others).



imposing # = p = 1 so that the external distortion peculiar to the open economy disappears.

When domestic and foreign goods are substitutes in the utility (i.e. when pf > 1), an appreciated
real exchange rate, on average, can improve welfare by decreasing the disutility of producing at home
without an equivalent fall in the utility of consumption. This is because the appreciation induces
lower levels of domestic production and lower consumption of domestic goods, while leading to larger
consumption of foreign goods. That is to say, the small open economy, as a monopolist over the goods
it produces, can gain from reducing the supply and increasing the price of its goods. When goods
are complements in the utility (i.e. when pf < 1), however, a fall in consumption of domestic goods
is accompanied by a fall in foreign goods consumption. An appreciation of the real exchange rate
is unable to divert consumption towards foreign goods. In this case, a higher unconditional mean of
real exchange rate (i.e. a depreciation of the real exchange rate) increases welfare, by creating a rise
in consumption larger than the rise in output. Finally, when the marginal utility of consuming one
good does no depend on the consumption of the other good (i.e. when p = 1), and in this case where
= (1—X)"1, welfare does not depend on the level of the real exchange rate (i.e. ®pg = 0).

But what are the implications of this externality for optimal policy? In our framework, monetary
and fiscal policy can influence the overall volatility of macro variables in order to minimise the loss
function (15). As suggested above, when pf > 1, the terms of trade externality implies that a more
appreciated exchange rate can improve welfare. Using a second order approximation to the equilibrium
conditions, we can show that the mean of the real exchange rate depends positively on its volatility.
Therefore, as long as pf > 1, inducing a less volatile exchange rate can produce a more appreciated
exchange rate on average.

To illustrate this result we focus initially on the flexible price specification of the model, i.e. o =0
(the value of the other parameters are specified in Table 3). In general, by using a the second order
approximation of the equilibrium conditions, it is possible to express the unconditional mean of the real
exchange rate as a function of second moments of the different macro variable. Under flexible prices,
the unconditional mean of the real exchange rate can actually be expressed solely as a function of the
real exchange rate volatility. In particular figures (1) and (2) show the relationship between the mean
and variance of the real exchange rate for different values of § and A. The figures show that the effect
of the real exchange rate volatility on its mean is increasing on the degree of openness (A) and the
elasticity of substitution between home and foreign-produced goods (#). More importantly, regardless
of the value of A\ and 6, the higher the level of the exchange rate volatility, the more appreciated is
the real exchange rate on average. However, the welfare effect of this volatility depend critically on
parameter values. In particular it depends on whether pé is bigger or smaller than unity. Figure (3)
plots the linear term in equation (14) as a function of the real exchange rate volatility. This is done
for different values of 6, holding p = 1. Since the unconditional mean of the real exchange rate is
increasing in the volatility of the real exchange rate, higher volatility of the real exchange rate improves
welfare when a more depreciated exchange rate is welfare improving (i.e. when pf < 1). On the other
hand, when a more appreciated exchange rate improves welfare (i.e. when pf > 1), lower volatility of

the real exchange rate is welfare improving.



5 Optimal Policy

In this section we analyze optimal policy under alternative specifications of the model. We start
by characterizing the flexible price case and then turn to sticky prices. Throughout the analysis we
explore the differences between the open economy and the closed economy cases. We also explore the
implications of having real versus nominal government debt. In what follows our analysis is restricted to
the case in which monopolistic competition inefficiencies in steady-state output are set to p = (1 —\)~*
(as in Gali and Monacelli (2005)) in order to facilitate the analytical illustration of the results.!! We
will concentrate on the policy implication of distortionary taxation, sticky prices and the terms of trade
externality.

Once we explore the properties of the optimal allocation we calibrate our model as in Table 3. For
the calibration of the shocks, we follow Gali and Monacelli (2005) who fit AR(1) processes to (log) labor
productivity in Canada (their proxy for domestic productivity) using quarterly, HP-filtered data over
the sample period 1963:1 2002:4 with the following estimates €y,; = 0.66(0.06)€y+—1 + a;, 04, = 0.0071.
In order to compute the volatilities of the variable of interests, we generate simulated time series of
length T for the variables of interest and compute the standard deviation. We repeat this procedure
J times and then compute the average of the moments. We set T = 400 quarters and J = 500. We
compute the moments based on these Monte Carlo simulations because, under certain specifications,

our model is non stationary.

5.1 The case of Flexible Prices

When prices are flexible (that is, & = 0), the loss function derived in the previous section simplifies to:

L 1o, 1 .
min U.CEy, Zﬁt {Qq)yy? + Q@RSTS?} +ti.p. (16)

Alternatively, using the relationship between distortionary taxes and output dictated by the Phillips

curve, it is possible to rewrite the objective function (16) as

_ 1 S 1 ~ .
min U.CE;, Z Ik [2@7(7} —72 4 2(I>Rs7“s?] + tip 4+ O([|€]P),

where ., = ®y and ?f is the desired level for the level of distortionary taxation, which

~rRi T
also depend on exogenous shocks. Under this specification, domestic producer inflation is not costly
(the assumption that o = 0 implies that &, = 0), but policymakers’ incentives are affected by tax
distortions and the terms of trade externality.

The constraints of the policy problem are given by the equilibrium conditions presented in Table
1, noting that under flexible prices k= = 0. We define ¢, as the Lagrange multiplier associated with
the government budget constraint, representing the marginal value, measured in utility terms, of one

unit of the government revenue in any given period. As shown in the Appendix, we impose further

constraints, associated with initial conditions 7, and é:gto, to ensure that the first order conditions to

H This parameterization guarantees that the steady state is efficient when the elasticities of intratemporal and intertem-
poral substitution are unitary, or when the economy is closed.
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the problem are time invariant.'> Thus, the first order conditions of the policy problem can be written

as follows:
~ 1+ ~
PrsT8 + ——— <Py yr = —mowp, + (a+ 1)dss (9 — 04-1)s (17)
p(1=2A)
—bdss(py — 04-1) =0, (18)
and
Erpip1 = o, (19)

where my is a constant defined in the Appendix. The above equations represent the general optimal plan
under flexible prices.'® In what follows we illustrate both graphically and analytically the properties of

the optimal plan for the various cases.
The case of nominal government debt

When bonds are denominated in nominal terms, inflation affects the real value of government debt
and therefore has direct fiscal consequences. Under this specification (i.e. when dss # 0 and b # 0),

the optimal plan can be summarized by

_ (1+10) . -
P — =0 20
RSTSt + Py vy =U, (20)
or, equivalently, Q4D
. + Y T’
i) - (T — =0. 21
RSTSt + o= (Te =71 ) (21)

The above equation can be interpreted as the small open economy targeting rule ¢ la Gianonni and
Woodford (2003) and Svensson (2003). This rule prescribes stabilizing a linear combination of the
output gap and the real exchange rate gap. Policymakers should allow some fluctuations in output,
or, alternatively, some fluctuations in the tax rate around the desired target. These fluctuations are a
consequence of the terms of trade externality described in the previous section. Indeed, if we were in a
closed economy framework (A = 0) equation (20) becomes:

Gi= (-7 ) =0. (22)

The output gap is fully stabilized (as in Benigno and Woodford (2003)) and the first best can be
achieved. It is easy to show that this result holds also for the small open economy under the further
restriction fp = 1, for which ®rg = 0 so that the loss function is not affected by real exchange rate

fluctuations. Indeed this isomorphism among the closed and open economy optimal policy problems is

12This method follows Woodford’s (1999) timeless perspective approach and ensures that the policy problem does not
constitute a time inconsistent problem. The policymaker’s stated future course of action is such that the same policy
process tomorrow will result in actions consistent with the announced plan. McCallum 2005 refers to this approach as
"strategic coherence" and argues that the timeless perspective does not coincide with the concept of time-consistency
described by Kydland and Prescott (1977). “Time-inconsistency” has been understood in the prior literature to mean
that it will not be optimal at a date later than time t to implement the policy which was determined as optimal at t. As
stated in Taylor 2005 (mimeo, Bank of England) the “timeless perspective” concept can be thought of a way of choosing
a policy which is constrained-optimal. The constraints capture the idea that in an ongoing policy regime, policymakers
should not take advantage of the fact that expectations are predetermined.

13In the exercises to follow, the second order conditions are verified numerically.
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Table 3: Parameter Values used in the Quantitative Analysis
Parameter Value Notes:

15} 0.99 Specifying a quarterly model

n 0.47 Following Rotemberg and Woodford (1997)

0 2.3 Following the range as in Obstfeld and Rogoff (1998) (unless specified otherwise)
A 0.2 This implies a 20% import share of the GDP

p 1 Specifying a Log utility function

« 0.66 Characterizing an average length of price contract of 3 quarters

o 10 Following Benigno and Woodford (2003)

dss 24 Steady state debt to GDP of 60% (unless specified otherwise)

sdv(ey) 0.71%  Consistent with Gali and Monacelli (2005) and Kehoe and Perri (2002)

T 0.2 Steady state taxes of 20% of GDP

identical to the case analyzed by Gali and Monacelli (2005) and De Paoli (2008) for the monetary policy
stabilization policy in a framework in which taxes are lump sum. When 6 = p = 1 the substitution
and income effects associated with terms of trade movements cancel out and there is no terms of trade
externality. Under these restrictions, there is only one policy incentive: to smooth taxes across states
and times in order to minimize distortions in agents’ labour-leisure decisions.

Since inflation is not costly, optimal policy can induce unexpected variations in domestic prices in
order to restore fiscal equilibrium. The resulting allocation is the same as the one that would prevail
if state-contingent debt were available. This finding is consistent with the ones of Bohn (1990), Chari,
Christiano and Kehoe (1991) and Benigno and Woodford (2003).

On the other hand when 6p # 1, it is possible to improve welfare by combined changes in the tax rate
gap and the real exchange rate gap. Figure (4) displays the relationship between the sample standard
deviation of the tax instrument and the intratemporal elasticity of substitution, 6. The figure shows
that, unless 6 = p = 1, taxes vary over time. This is because, outside this knife-edge case, there is
trade off between stabilizing taxes, and minimizing the fiscal distortion, and exploiting the terms of

trade externality.
[INSERT FIGURE 4 HERE]

In terms of the dynamic properties of the variables of interests, as shown in the appendix, if the
government only issues nominal bonds and prices are flexible, ¢, is time-invariant and all economic
variables follow a stationary process. But these assumptions also imply that the evolution of expected
producer inflation and nominal debt are indeterminate; we can only determine the evolution of real

debt. This can be verified by inspection of the government budget constraint.
The case in which the government solvency condition is independent of inflation

When the government only issues real debt (i.e. b = 0) or the steady state debt is zero (i.e. dss = 0),
the path of inflation does not affect the government budget constraint and it is not possible to use
inflation as a shock-absorber. In fact, under flexible prices, inflation does not affect the entire system of

equilibrium condition (specified in Table 1). That is to say, producer price inflation is indeterminate.
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Combining equations (17), (18) and (19) we obtain the following expression:

(1+1)

I HVAVE: _
RS Lt T3t+1+p(1_/\)

(I)YEtA/y\t+1 = 0, 14 (23)
and in the case of a closed economy (A = 0), we have:
EiAGiy1 = EyA(Fr1 — T4yq) = 0. (24)

In a closed economy, as emphasized in the analysis shown in Barro (1979) and Aiyagari et al. (2002), if a
shock creates fiscal imbalances and inflation cannot act as a shock absorber by affecting the value of real
debt, taxes have to do the adjustment. But in order to minimize distortions in the consumption/leisure
trade-off, the expected tax gap should be kept constant. For example following a one period productivity
shock, the tax rate would follow a random walk. Taxes vary across states but they remain constant
after the shock hits the economy.

In an open economy, it is no longer optimal to fully stabilize the expected tax gap. As illustrated
in Equation (23), policymakers should stabilize expected movements in the output and real exchange
rate gap. As in the case of nominal bonds, there is a trade-off between reducing fiscal distortions and
exploiting the terms of trade externality. In terms of dynamic properties of the variables of interest
now, differently from the case in which inflation affects the government budget constraint, government
debt follows a unit root process (see Appendix). Moreover, taxes, output and the real exchange rate

face permanent changes following a temporary shock to fiscal conditions.

5.2 The case of sticky prices

We now turn to the optimal policy problem in the case of sticky prices (i.e. a > 0) and characterize
the general optimal fiscal and monetary plan. The policy problem consists of choosing the path of
{%fI7 ?t, }/%TS'U (ft,?t} as to minimize (15), subject to: the equilibrium conditions specified in table 1; the
initial condition for c/l;o_l; and the constraints on 7y, and I%\S'to that ensure a time-invariant optimal
policy problem (see Appendix for details).

As before, we express the optimal state-contingent response to shocks in the form of targeting rules.

In particular the optimal plan can be written as follows

STV AG, + PrsA S S— e+ DT ) = 2
{ 1= \p Yr + PrsATS: + (1 —7) + bdook (v tdss(a+1)m_1) =0 (25)
Effl, =0, (26)

_ (1-8) A+)(n(A-7)-7) 1-7 15
where v = [dss (m -1+ a)) + ( p(17>\; 7 4 (17;))} .
We first note that the variables of interest in this targeting rule are: current and past domestic
producer inflation, the rate of change in the real exchange rate gap, and the rate of change of the
output gap. Also, equation (26) states that expected producer inflation is set to zero under the optimal

plan.

MDifferently from the case presented before this equation does not characterise a targeting rule, because, if specified
by itself, the equilibrium dynamic is not determined under this rule. Equation (23) is simply an equilibrium condition
implied by the optimal plan, which is illustrated by equations (17) to (19).

158ee appendix for full derivation of the optimal policy problem.
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As shown in the Appendix, equations (25) and (26) together with the constraints specified in Table
1 imply that the dynamics of output, the real exchange rate and taxes follows a non stationary process.
This result contrasts with the case of flexible prices, in which, when bonds are nominal, all the variables

follow a stationary process, since inflation can work as a shock absorber following exogenous shocks.
Closed versus Open Economy

When the economy is closed, the loss function is only affected by inflation and output variability.
Although there are two policy incentives - reducing the inefficiencies created by distortionary taxation
and minimizing the price distortions - and two policy instruments - an active fiscal and monetary policies
- the first best cannot be achieved. If we further assume that debt is zero in steady state, i.e. dss =0,
the optimal plan implies

WEAF — 7o) + kil = 0. (27)

In general, it’s not possible to keep simultaneously inflation and taxes constant across states and over

time.'¢ In our small open economy the optimal policy, given by equations (25) and (26), implies

. (141 Iy
CI)RsEtATSt+1 + p(l))\)q)yEtAytJrl = 0, (28)
and
Et%t#»l = 0 (29)

Equation (28) is identical to equation (23) obtained under flexible prices. Therefore, when there is
no nominal burden from existing debt (i.e. dss = 0), the optimal policy under both flexible and sticky
prices prescribes the stabilization of expected growth rate of the output gap and expected change in the
real exchange rate gap. A difference among these two cases arises because while under flexible prices
only taxes affect the labor leisure trade-off, with sticky prices, both domestic producer inflation and
taxes do so. Therefore, under sticky prices, movements in both taxes and inflation can lead to changes
in the real exchange rate. Policymakers have, thus, a "choice" between allowing some fluctuations
in inflation or fluctuations in taxes in order to exploit the exchange rate externality. While optimal
inflation volatility is decreasing in the degree of nominal rigidity, for our parametrization, the volatility
of taxes initially tend to decrease and then increases with « (see figure 5). When price rigidities are
introduced, inflation can be used to affect the real exchange rate and this fact reduces the required
movement in taxes. But as the degree of nominal rigidities increases, so does the distortions generated
by them. So, for significantly high levels of «, inflation is practically constant and only taxes are used

to exploit the terms of trade externality (figure 5).

From a quantitative point of view, however, our framework suggests that the cost of inflation will

overshadow the inefficiency caused by varying distortionary taxation and, therefore, changes in domestic

16 Nor is it possible, as in the flexible price case, to move tax rates permanently (and smooth them in subsequent
periods). By inspection of the Phillips curve we note that, when prices are sticky, a permanent change in taxes would
imply a non stationary process for inflation (and an explosive path for the domestic price level).
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producer inflation are quantitatively small. Note that this result holds even in a model with real bonds
and is a consequence of the conflict between price stability and the incentive to strategically affect
the real exchange rate. This is different, however, from the trade-off (emphasized by the Benigno and
Woodford (2003), Schmitt-Grohe and Uribe (2004) and Siu (2004)) between price stability and the use

of inflation as insurance that arise only in models in which the government issues nominal bonds.

6 Conclusion

This paper presents an integrated analysis of fiscal and monetary policy in a small open economy.
The literature on optimal policy in open economies has extensively analysed the monetary stabilization
problem when inflation is costly and taxation is non-distortionary. In the present work, we start our
analysis by characterizing the opposite scenario. That is, we study the optimal policy problem in an
environment in which prices are perfectly flexible (and therefore inflation is costless) and production
taxation affects households labour-leisure trade off (i.e. taxes are distortionary). We lay out this
specification in order to highlight the international dimension of fiscal policy. Our results show that,
whereas it is optimal to perfectly smooth taxes in a closed economy, the optimal tax rate varies over
time in an open economy. Managing the level of proportional taxes may improve welfare by affecting
the real exchange rate and the overall level of consumption utility and production disutility.

When prices are sticky, movements in the inflation rate affects individuals’ production and consump-
tion choices. Thus, once nominal rigidities are incorporated into the analysis, both inflation and taxes
can be used strategically to affect the terms of trade and the overall level of utility. As a result, the
introduction of price rigidity can decrease the required variability of tax rates. But the presence of
nominal rigidities also reduces the policy incentive to use inflation to affect the level of real government
debt.
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A Appendix: Steady state equations

In this appendix we derive the steady state conditions and define some parameters that depend on these
conditions. All variables in steady state are denoted with a bar.
From the demand equation at Home, we have:

i) = [f;gg] - Hf] “loos sz (;S) Ve (A1)
o = [ B] [renn () e
Normalizing Py = Pr, we have:
Y=ol + ”*(1n‘ ey (A2)
AR Gl Lo SIS RS o (A.3)

If we specify the proportion of foreign-produced goods in home consumption as 1 —v = (1 — n)A
and the proportion of home-produced goods in foreign consumption is v* = nA, and take the limiting
case where n = 0, we have.

Y=01-NC+XC*+G (A.4)
And from the Foreign demand:
Yy =C" (A.5)
For further reference, we define the following steady state dependent constants:
G
dy = =
Y
C
dy=(1-N=
p=0-Ng

Moreover, using equation (A.4), we can notice that:

AC*
7:1—db—d9

From the government budget constraint we have:
6D = P3 (A.6)
where § = 671(1 — /) and the steady state fiscal surplus defined as:
5=7Y —-G-Tr (A.7)
Thus, the steady state constants defined in the text are:

s=351Y

18



s, =5 'FY
The Symmetric Steady State:

From the complete asset market assumption we have:

P
RS, = ko <gt> (A.8)
t

where

P
@:R%(ﬁ) (A.9)
0

Assuming an initial level of wealth such that kg = 1, the steady state version of (A.8) implies
c=C". If, moreover we assume G = 0 we have:

And in the case of Tr = 0, we have:
s=1/7

sr=1

Finally, applying our normalization to the price setting equations we have:

Uc(C) = puV, (A\C* + (1= X)C) (A.10)
Ue(C) = wV, (C7). (A.11)
where
ST
1
(1-9)= M

0<op<Liu>1

B Appendix: Welfare derivation

In this appendix, we derive the 1st and 2nd order approximation of the equilibrium conditions of the
model. Moreover, we show the second order approximation of the utility function in order to address
welfare analysis. To simplify and clarify the algebra, we use the following isoelastic functional forms:

i

vien =
E—Uy h)n-{—l
V(). evir) = 20
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B.1 Demand

As shown in the text, home demand equation is:

Vi = | LH -’ (1= NG+ A (- _00* + (B.12)
Hit = P, t RSt t gt .
Therefore, the first order approximation to the above equation is:
Vi = —0(1 — dg)pu + doC + (1 — dy — dg)C* +0(1 — djy — dg)RS +§ (B.13)

In the symmetric steady state, where d, =1 — A and dy = 0, equation (B.13) becomes:
Vi = —0pu + (1= N)C +AC* + 0ARS + 3 (B.14)

And the second order approximation to the demand function is:

Zﬁ [ Yt + yt Dyyi + yiDe Ef}+tlp+0(|§||)

where
Yt = [ ?} C’t DHt Tt é*\gt ]
€t = [ gyt ﬂt @\t CA’: ]
d,y=[ -1 dy —0(1—dg) 0 6(1—dy—dy) |
0 0 0 0 0
0 (1 —dy)dy —0dyd, 0 —0(1 — dy — d,)ds
Dy=10 —0dyd, 0*(1 — dy,)d, 0  —0°d,(1—dy—d,)
0 0 0 0 0
0 —0(1—dy—dy)dy —60%dy(1—dp—dy) 0 6*(1—dy—d,)(dy+dy)
00 0 0 0
00 0 —dy —(1—dy — dy)dy
D=0 00 0(1 —d,) —0d,(1 — dy — d,)
00 0 0 0
00 0 —0(1—dy—d,) 6(1—dy—dy,)(dyp+dy)

Moreover, in the symmetric equilibrium:

d=[-1 1-X —0 0 6x]

0 0 00 0
0 AM1-=X) 0 0 —Ox1-2X)
D =10 0 0 0 0
0 0 00 0
0 —OA1—=X) 0 0 6*N1-X
000 0 0
00 0 —(1=X) —=A1-X
Di=10 00 0 0
000 0 0
00 0 —6x  OX1-)N)
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B.2 Risk Sharing Equation

In a perfectly integrated capital market, the value of the intertemporal marginal rate of substitution is
equated across borders:

Uo (Ci11) Pr _ Uc(Cis1) Seni Py

Uc (CF) Pry Uc (Cy) SiPiya

Assuming the symmetric steady state equilibrium, the log linear approximation to the above condi-
tion is:

(B.15)

Given our utility function specification, equation (B.15) gives rise to a exact log linear expression
and therefore the first and second order approximation are identical. In matrix notation, we have:

S B [yyt+ LGy + yiCuct| + tip + O(lEl) =

¢,=[0 -1.0 0 -]

B.3 The Real Exchange Rate

Given our preference specification for the small open economy, and knowing that in the rest of the world
Pr = SP*, we can write the price level in the following form:

(5)  -o-n(oef)

Therefore, the first order approximation to the above expression is:
)RS
pH - 1 _ )\

Moreover, the second order approximation to equation (B.17) is

(B.18)

1 .
> B {féyt + Ui Fy + yiFeer | +tip+O(JIg]) =0

fz’/:[O 0 —(1-X) 0 —)\]

00 0 0 0
00 0 0 0

Fl=X6-1)]00 0 0 -1
00 0 0 0
00 =1 0 (1—=X/(1-2A)
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B.4 Price Setting

The first and second-order approximation to the price setting equation follow Benigno and Benigno
(2003). The introduction of the tax component is done in the same manner as in Benigno and Woodford
(2003). The optimal price setting condition of sellers that can reset their prices is:

s {or i (50) v [0 qrettiatioa )

where

ge(h) = (pt(h)> - Vit (B.20)

and muy is a markup shock, and income taxes are represented by 7;.
Therefore the evolution of the domestic price level is:

(Pug)' ™7 = aPy 7+ (1= ) (pe(h) " (B.21)
We can write the second order approximation for equation (B.19) as follows:
> 1 lo(l+ 2 _ :
%:E{gymﬁd@&+2(knkﬁﬂ}+mp+mmﬁ) (B.22)

where:
2t :77?}+P6t —DH + MUy — G — eyt
X = (2+77)3A/t — pCy + P + My + G — NEy,t
We define ¢; = 1 — 74 and, therefore:

~ ~ 1 w ~2
gt = —WT¢ — T
21—-7 ¢

where w = 1%
-7

The first order approximation to the price setting equation can be written in the following way:

%f:k@@+wﬁ—ﬁH+mm+wﬂ—ka+ﬂ&ﬁL (B.23)

where k = (1 — af)(1 — a)/a(l + on).
And the second order approximation to the price setting can be written as follows:

0% B [+ i + viAees| + tip + O(E]P) (B.24)
with

ay=[n p -1 w 0]

n2+n) p -1 w 0
p > p —pw 0
Al = -1 p -1 w 0
w —pw W w 0
0 0 0 0 0
-n(l+n) 1+n 0 0
0 0 0 0
Al = 0 0 0 0
0 0 0 0
0 0 0 0
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B.5 Government Budget Constraint

We assume at first that all public debt consists of riskless nominal one-period bonds. The law of motion

of government debt is:
Dy =Dy 1(14+4—1) — Prst,

where
St = Ttht — Gt — T’I"t.
Defining
g = Dy (14 144)
t — Pt )

we can rewrite the government budget constraint as

(1+14y) n Py

/o
dt - dt—l Ht Pt

St(l + Zt)

In log-linear terms the government budget constraint is given by

—1 -1
A ~ S . A _ N . R o s =
Bdy = dy_1 + 15_7% — s Puag—ses! (Yt + Tt) + g+ Tr— ] (Wf +A/(1- )\)ARSt) .
In order to derive a second order approximation to the intertemporal government solvency condition
we define:

d,_
NW, = 1t1 LUc (Cr.écr) s (B.25)
t
and, therefore:
NW, = E, Z Uc (CT7 qu) StDH ¢t (B~26)
T=t

The second order aproximation to condition (B.26) is

1= pC+ by + [5:F+ V) +5:(F +¥)? - 57
Uc (Cr.écr) sipne = Ucs 1 249 ~ S ~ e o AL~
+102C2 + [5:(F+ V) + (7 + 7)? = 53] (—pC + )
14+s,Y — pa + P+ 8.7+ %87?2 - psTf}@ + ST}A’ﬁH
U +5,. 7Y + %p202 + %ﬁ%{ + 5,72
—p5;7C + 57Dy + psgC — spug
+tip + O(l€]]*)

Therefore, defining NW = W’ we have:

NWt = (]. — ﬁ) b;yt + §y£Byyt + ygBeet + BEtNWHJ + t.z.p + O(HﬁH?’)

b;:[sT -p 1 s; 0]

Sy —pSr St Sr 0

—PSr P2 0 —PSr 0

B =| s 0 1 s 0
Sr —pPSr  Sr Sr 0

0 0 0 0 0
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0 0 0 O
0 0 ps O
Bl=100 —-s 0
0 0 0 O
0 0 0 O

Note that N
~H
= ——ARS
ST A
therefore, the first order aproximation to condition (B.25) is

-~

_ . _ A _
NWt = —pCt + d;71 — T = _pOt + d271 - (ﬁARSt + 7TtH)

Hence, the first order approximation of the intertemporal budget constraint can be written as:

- A . A ooy o~
—pCy +di_y — (1= ARS + ) = (1= B)(—pCi + Prs + 5-(Fe + Y2) — 5G2)
~ ~ A N =N
+BE | =pCrpr +dy = (7= ARS . + Tie1)

Throughtout the text we use an alternative representation of the budget constraint in order to allow
for a zero steady state government debt. The above equation is rescaled, using d; = dssd} (note that

St = TLu=p)-
~ -~ A =R ~ =R N ~ R
—pdssCy + di—1 — (mdssARSt + dssﬂf) = (1 - B)dSS(_pCt +pH,t) + T(Tt + Yt) — Gt

~ ~ A ~
+ﬁEtdss —pCt+1 + dt — (ﬁARS:+1 + 75_1)

An analogous derivation can be conducted in the case of Real Bonds. In order to derive the second
order approximation to the government budget constraint we use a the recursive formulation, in which:

RW, = d} ,Uc (Cy) (B.27)
and
RW, = E; Y _ B"'Uc (Cr) sipu.c (B.28)
T=t
Defining ]/%\VT/,E = W, we have:
__ 1 __ _
RW; = (1= p) |rbyy: + §y£RByyt + y,’gRBeet] + BE;RW 41 + tip+ O(|€]]?) (B.29)

rby=1[s —p 1 s, 0]

Sy —pSr  Sr Sr 0

—ps,  p> 0 —ps; O

RB; = Sy 0 1 s 0
Sr —pSr  Sr s 0

0 0 0 0 0
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00 0 O
0 0 ps O
RB.=|10 0 —s 0
0 0 0 O
0 0 0 O

And the first order approximation of the intertemporal budget constraint is:

—pCr+d, = (1=B)(=pCy+ it + 5-(Fe + Y2) — 5G) (B.30)
+BE; | —pCrsr + df

We should note that welfare function just depend on by, RB, and RB; which are equal to b, B}
and B.. Therefore the loss function formulation is independent of the denomination of government

debt. However, the first order approximation to the government budget constraint changes with the

bond denomination. Hence, the constraint of the policy problem varies according to the type of bond
being issued by the government.

Morover, we can write the budget constraint as follows:

o R ~ A . R
—pCy+diy = (@ARS, +b7{") = (1= F)(=pC — TSRS, +5: (71 + Y1) —sGi)  (B31)
+BE; |~pCri1 + d; — (aARS, 1 + b7{L,)
where: @ = A/(1 — A) and b = 1 in the case of nominal bonds; and ¢ = b = 0 in the case of real

bonds (in this case JQ = c?,f’ ). Alternatively, rescaling the above equation using (Z = dssc/l\t we obtain
the government budget constraint as specified in the text (see table 1).

B.6 Welfare

Following Benigno and Benigno (2003), the second order approximation to the utility function can be
written as:

U =By 577" [U(C]) =Vl &v.,)] (B.32)
s=t
_ 1 1 .
Wi, = U.CEy, Zﬁt {w;yt — §y,'5Wyyt — yWeey — iwﬂrf +t.i.p 4+ O(||€]®) (B.33)
, o
W =k

/

wi=[-1/p 1 0 0 0]

(1+n) 0 00 0

0 —(1—p) 0 0 0

W, = 0 0 00 0

0 0 000

0 0 00 0
~2.0 0 0
0 00 0
W.=| 0 00 0
0 0 0 0
0 00 0
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Using the second order approximation of the equilibrium condition, we can eliminate the term w;yt.
Do do so, we will derive the vector Lz, such that:

[ay dy fy ¢ by ]Lz=w,

Giving the values of ay, by, fy, ¢y, and d, defined in this appendix, we have:

(F14+ @) (L= 0p) N>+ (— (~1+ ¢)20p — 1+ 20) A — ¢) (=1 +7)

Lxli %)
Ly = SPLH ) + (¥ (-1 +)
Q
Lo — (-14+)X(1—-0p)A—0(—14¢)Xp+ VO + ¢X
T3 = %)
Ly (—14+0)(1=0p) X’ + (= (=14 ¢)20p—1+29) A — ¢
Q
where:
U = ((77+1)T777)7 X = (71+T7dss+dssﬁ)a Q = 7@[72/)7\1/, I = (pe*l))‘(27)‘) and
1l—9=1/p.

Note: these parameters where derived under the special case where there is a symmetric

steady state (G = 0).
And the loss function L, can be written as follows

_ 1 1 .
Lty = U.CE, 306" | ot L + ilece-+ gt | + -+ O(IP) (B.34)

where:

Le = We + L.’ElAe + LCL'QDE

L, =w;+ Lxia,
Note that Lz, is irrelevant since Cy = 0

To write the model just in terms of the output, real exchange rate, taxes and inflation, we define
the matrixes N and N, mapping all endogenous variables into [Y;, T3] and the errors in the following

way:
yé =N [Yta RSt7Tt] + Neet (B35)
1 0 0
A
Loy 0
N=|0 —25 0
0 0 1
0 1 0
00 0 O
00 -1 0
N.=1]10 0 0 O
00 0 O
00 0 O

Equation (B.34) can therefore be expressed as:
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e~ PO 1
Li, = UCE,Y p [ [Yt,RSt,n] y{n,RSt,nh[m,Rst,n} Leet+2m§] (B.36)
+t.i.p+ O(]|€]1%) (B.37)

where:
L; = N’LyN
L = N'LyNe +N'L,

The last step is to eliminate the cross variables terms ﬁﬁgt For that we use the following identity
(derived from combining the demand function with the risk sharing condition):

ore _PL-No, A+ Z22 3
2V, RS, = Y, il B.
RSy i+ +p(1_)\)RSt + ti.p+ O(|[€]°) (B.38)
and, therefore:
~ o~ T e~ A,\A/lyylytOA/\A
Ve RS 7| L, [VRSu7) = [V RSuA| | by Ly 0| [V RS, 7 (B.39)
0 0
p(L—X) 0) —~2
(o 3 gy o (et o RS
+t.i.p+ O(||¢]*) (B.40)

Substituting (B.39) into (B.36), we have:

_ —~ 2
(byy + B ) V2 + (I + LU= RS,

r +tip+O(|¢})  (B.41)
[Yt,Rst} Lie + Lipm2

1
Lto = UcéEto z Bt §

Finally, we rewrite the previous equation as deviations from the target variables:

1 =T 1.
Li, = UCE,Y f' [ Dy (Y, —Y)? + 5 Prs(RS: — RS, )%+ Q@W(wf’)z’} (B.42)
+tip+O(|[€]]?) (B.43)
where:
2
N B 2 B [pm = pPdss (1 =B)] (L +X) = TAp
dy = Lx5{ 207 + p°dss (L= B) + 7+ T

141

—(p—r°) (l+A)—(—1+p)Ap}
1+1

+L:c2{(1)\))\+ (_)\)(l+)‘)(1_)‘)_9)\(1—)\)2p}

+Lx1 {2pp2+(2+77)77+

(=14+p) I+ N

H+ 1) (-9 -1 -0

+ p2
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{dss(lﬁ) [+ 27 X2 = (141 0+ 0] +;(1+1)ZT}
(bRS = Lxb 2
(1-X)
A0 —1)
+Lx3{ - }
{(l+>\))\(9—}))—)\9(1—>\) }
+La2 p +6°X(1—)\)

+Lx1{l(l+2)\)+1p+lzl(p—1)}
(1=X)

A

1

1—
o a ’ ?) +(1+n)Lay
and
?;5T = qzet
T
RSt = qﬁset
with
1
@ = . [ g—l—Lxl(l +mn —Lzi(1+n) —q, La2(1-M)A ]
4, = Lab{p(l+7)— p*dss (1 —B)}
+La1{p(p—1)}
+L22 {\* -1}
+1—0p
1
e _ e _ ((G2IE! _
i = 5, [ 00 —g, Lx?{ A oA (1 /\)} }
. I+ X)) pdss(1—p) —1
Qg = LxS{ T\

L2 (C+N)@+A) A0 o2
P 1-—A

—lp
Lxld ——
+Lz {1—)\}

(I+XN)(=1+p)
p(1—=2A)

B.6.1 Special Case
Assumptions*: p=60=1and ¢ = A
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a7
O _ O
1—Xx k
?T:qzet
where: 1
=1y, ln 0 -1 0]
and

—~T
RS, =0
*Note: In the text we use the above specification (as in Galf and Monacelli, 2005). However, by

inspection of the weights presented in this Appendix, we can verify that the necessary conditions for a
zero weight of the exchange rate in the loss function are pf = 1 and dgs(¢ — A) = 0.

C Appendix: Optimal Fiscal Policy under Flexible Prices

The optimal policy can be represented by the following Lagrangian:The optimal policy can be repre-
sented by the following Lagrangian:

Loy (Vi — V1) + $0ns (RS, — 5, P+ o, (17i + (1 = )7 RS, — w7y + |
~dyu RS; + dyy — dus(aARS, +b7}") + dys (1 — B) (725 RS:)
+P24 ( 77+ Y2) + BE; [dssé\sm — dy + dyy(aARS, 1 + b?r{il)} )
3y (ﬁ - p((llfli) RTgt)
+bdss<p2’t0717?fg +dss(a+ 1)<p2’t0,1§‘\5'g

E _ Etg Zﬁt_to

+ti.p+ O(||€|]P).

The last line of the Lagrangian contains the constraints for the optimal policy that ensure that the
problem is time invariant. And these are the first order conditions:

—bdss(pas — P24-1) =0, (C.44)
(I)y(?t ¥+ NP1 —TPas + 3, =0, (C.45)
— —~T 1
o, (RSt — RS, ) + m%,t —dss(a+1)(pas — P24-1) (C.46)
(1-5) 1+
dssi dss E — - 7 — 0’
+ 1-N) Po.1 + Badss(Erpy i1 — P2.1) p(1— ) 3.t
Wy =Ty =0, (C.47)
and

—po1+ Erpg 1 = 0. (C.48)

In addition, the first order condition at time Zo implies bdss(09;, — ¥24,-1) = 0. Substituting

Cy = C’f + %R\S’t into the government budget constraint we have

—pdyCF — dy RSy + d_; — dys(aARS, + b7) = dys(1 — B)(—pC — %ﬁstw (C.49)

+7'(7A't + Yt) - gt + BEt [_pdssé:+1 - dssé‘\gt-i—l + CZ; - dss(aAé‘\st—H + bﬁ'g_l):|
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Furthermore, under the assumption that o = 0 the Phillips curve implies
S (nA+D+p\ o o ~ T
—w™! ((14—1) (Y =Y) = (7 - TtT ) (C.50)

By integrating equation (C.49) forward we can rewrite the intertemporal budget constraint of the
government as

. ~ 1-A) ~ ~
dy_y — dssbity" = fr + dssaAw(Yt -Y)+ (C.51)
dssp(l - )‘) > T (1 - B) = t+s S ST
TTrr YD e B0 m (77
where
T(1—w™in) (1+1) 1 )
m= - dss 14+w
(=% SR
and
MmN A ol pUEA) A =) p1=X) g
ft—dssaA (1+l) [ Ct gt+}/t]+ 111 dssCt 1+1 dssgt+ 111 dssm+
1 B)dg,E Y gt (N T o p= _ .
H1-A)duEi) B I Bde 1401) T Bdet T 141 ST
s=0
The combination of the first order condition implies:
Crsp(l =) o o1 _5 A+) o _p7T .52
W(t_t_t)—’_mY(t_t) ()

+mops, — dss(1+a)(pg; — 9a,-1) =0,

~ ~ —~ T = _ =
where §; = C; +g: — Y, + p((lltl;\) RS, and mg = 135 (§ + % +5 - T(%l» . Alternatively we

can write:

(Ve = YT) = mi8, — mapy, + (1 + a)dssms (g, — 9241 (C.53)

where

e = ((LFD*Py + Prsp®(1 - N)? -
L Prsp?(1 — N)?

(A 41)2®y + Dpgp(1— N2\
= ( p(L+D) "

_— ((l—i—l)Q(I’y—F(I)RSpQ(l—/\)Q)l
- p(1=A)(1+1)

Moreover, substitution equation (C.53) into equation (C.51) we have:

(1+1) . n

= 7 d,_ + _ C.54
302,1‘/ (nl ¥ n2) t—1 (nl n ng)ft (nl + n2)¢2,t 1 ( )
and using (C.48) we have
Pot = gdt +—FEifi (C.55)
na n2
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where:

ny = —((1 = B)m — dssp(l — X))msdss

ng = (dssp(l - )‘) + m)m2

Therefore the evolution of the lagrange multiplier and government debt can be written as

Yo = m(ftl - Etflft/) + P21 (C.56)
dy = dyp_y — 12 L(.ft’ - Et—lft,) + #Etft/-i-l (C.57)
(1+1) (n1+n2) (1+1)
Case (i) : dss =0
In this case, equation (C.54) implies:
Pa = #QH)EH + n%f; (C.58)
and
di=dy_1 + #EtAf;Jrl (C.59)
(1+1)
Case (ii) : dss # 0 and of Nominal Bonds
In this case, we define a = ﬁ and b = —1. The first order condition at time ¢7 combined with

(C.44) implies that ¢, , is constant over time. In this case, the first order conditions (C.44) to (C.48)
can be expressed as the following targeting rule:

o (14D o o
Prs(RS, — RS —d (Y, - Y, ) =0.
rs(RS: t)+p(1—)\) y (Y v )
Moreover, in the special case where p =60 =1 and p=1/(1 — \),
Y, =Y. (C.60)
Equation (C.51) implies
di_1 — dybi = fi; (C.61)

that is, if the underlying structural disturbances composing 17,'5T are stationary, output and the real
exchange rate will also be stationary. Finally, Equation (C.61) determines the evolution of real debt.

D Appendix: Optimal Fiscal and Monetary Policy when Prices
are Sticky:

IIn this case the Lagrangian is:

1 v o_vTy2 1 = T, o\ 2
30y (Y = Y/)? + J@rs(RS; — RS, )? + 3@, (m )
1o (Rt ¥y 4 (1= \)TURS, - Wy + BBl ) +
L= B Y| gy, (TGSt d (RS IR ool - )R RS
0 T Y, RS 1 ~
P\ —FF + Y1) + BE, [dssRSt+1 —dy + dgs (aARS; 41 + b”fil)]
+S03,t (i}t - p((lltl))\) RSt)

_1~H ~H Syl
+01.49-1k Ty, +bdsspy o 1Ty + dss(a+ 1), 1 RS

to

+t.a.p + O(|[€]*).
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As before, the last line in the Lagrangian contain constraints in the initial conditions that ensure a
time-invariant policy problem. The first order conditions are:

o7, — (14— (pl,tfl)k’)_l —bdss(pyy — p24-1) =0, (D.62)
‘I)y(f/t - i}tT) + NP1 —TPa, + 03, =0, (D.63)
— —~T 1

®, (RS, — RS, ) + m‘ﬁu —dss(a+1)(pa s — P24-1) (D.64)

(1-58) 1+

+dssm(p2,t + Badss(Eips 111 — Pa4) — m‘ﬂ?),t =0,
WP = TPa 4, (D.65)
and
—po+ Erpg g = 0. (D.66)
These equations imply that:

Eff, =0 (D.67)

And the first order conditions can be combined and written as:

k®,

(1—7)+bd~k’} (V7L + des(a+ 1)FL,) =0 (D.68)

1+0)®,] , ~ N
— A drsA
|: (1 o A)p Yt + RSATSt +
—~ T ~ -~ o= _
where 7, = (RS~ RS, ), G = (i—¥{") ,and 7 = [dy (452 — (14 a)) + (L0500 | 1)
Moreover, combining the first order condition with the government budget constraint and the Phillips
Curve leads to the following expressions:

fi — Eirf,
e e A (D.69)
- Eft/-&-l nyPa;  Madss
di = - - D.
L Ty sy RN G (P20 = P2,-1) (D.70)
_ (141) .
PrsTS oAy YU = Tmowa, + (a+1)dss(p2,4 — P24-1); (D.71)

where:

n) = —((1 = B)m +dssp(1 — N))(a + 1)madss + dssmg + ms)
ny = (dssp(1 — \) + m)ma

ny = —ap(l — A)(a + 1)dssms

ma = |ap(l = \)(=ma + (a + 1)dssms) + b(lq:;l) (kTw + bdssﬂ
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