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Abstract

This paper studies, in the context of a New Keynesian open-economy model, the optimal re-
sponse of fiscal policy to a risk premium shock for a country in a currency union. First, I show that
the planner should not use government spending to stimulate the economy. Instead of distorting the
provision of public goods, it is optimal to use simple tax instruments, as consumption, sales, and
payroll tax, to achieve stabilization goals. Second, it is optimal to front-load taxes, i.e., the overall
level of taxes increase in response to a positive risk premium shock, and it declines over time. The
composition of taxes is also time-varying. Consumption tax is increasing, while either VAT or pay-
roll taxes decline over time after an initial increase. Under downward nominal wage rigidities, it is
optimal to implement a form of fiscal appreciation, a decline in the VAT accompained by an increase
in the payroll tax. Government debt is smaller under the optimal policy than under a passive fiscal
policy where the government does not react to the shock. Under some circumstances, it may be
optimal to stabilize the government debt at its pre-shock level. Therefore, under the optimal policy,
there is no necessary trade off between stabilization policy and fiscal consolidation.
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1 Introduction

Sudden stops are costly episodes, as financial outflows and the resulting increase in the country’s
interest rates oftentimes are followed by a severe recession, increase in unemployment, and worsening
of government finances. Sudden stops are especially costly for countries in a currency union, as became
evident in the recent European sovereign debt crisis, where peripheral countries suffered a substantial
decline in economic activity and increase in government debt as their borrowing costs diverged from
the one in Germany, as shown in figure 1. In this context, fiscal policy becomes a first line of defense.

However, the appropriate design of fiscal policy became the center of a contentious debate, with
one side pointing out the need for fiscal stimulus, given the severity of the recession, and the other
defending the need for fiscal consolidation, given the deterioration of government finances. Since the
proper design of fiscal policy is particularly relevant in this context, and in face of conflicting views on
the topic, a formal evaluation of the appropriate fiscal response becomes especially important. In this
paper, I provide such formal evaluation, by studying the optimal fiscal policy in response to interest
rate shocks in a currency union.

The environment is based on the continuous-time version of the open economy New Keynesian
model of Gali and Monacelli (2005), as proposed by Farhi and Werning (2012). The continuous-time
setting adds tractability to the analysis, allowing for a sharper characterization of the optimal policy.
The monetary union consists of a continuum of countries sharing a common currency. Households
consume a combination of domestically produced goods and an aggregate of goods produced in each
country of the union. The degree of openness of an economy, measured by the share of expenditure
on domestic goods, and the elasticity of substitution between foreign goods will be important deter-
minants of the optimal fiscal policy. Firms are monopolistically competitive and subject to pricing
frictions a la Calvo. As an extension, I will consider the role of downward nominal wage rigidities.

In contrast to previous work on the topic, I take the point of view of an individual country when
solving for the optimal policy, instead of assuming the planner maximizes welfare for the whole mon-
etary union. This will be important as it will capture the fact that, while countries in the periphery of
Europe are in a currency union, they are not in a fiscal union. Another important aspect regards the
availability of instruments. I assume the country has access to a small set of simple fiscal instruments,
such as government spending, consumption, sales (VAT), and payroll taxes. However, the govern-
ment cannot use import tariffs or export subsidies, as these countries are typically limited by trade
agreements on the use of such instruments. It turns out that, in the absence of such instruments, it is
impossible to separate the design of domestic policies from international considerations.

The nominal interest rate in each country is determined by two components. First, the interest
rate chosen by the centralized monetary authority, which is taken as given by any individual member
of the union. Second, a country-specific sovereign spread or risk premium. I will focus on the case
of an exogenous risk premium. This will allow us to isolate the impact of stabilization policies on
government finances, abstracting from any feedback from government debt to spreads. As we will
see, there will be a role for fiscal consolidation even if the government is completely unable to reduce

spreads through the choice of policies.

IMovements in sovereign spreads that are independent of government debt levels can be interpreted as movements in
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Figure 1: The costs of sudden stops: spreads, unemployment, and government debt
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Source: Eurostat. Sovereign spreads denote the difference on 10-year nominal rates between each country and Germany.

The model is able to capture the main features of a sudden stop as documented, for instance, in
Mendoza (2010). In response to a risk premium shock, consumption falls, the real exchange rate de-
preciates, while net exports increase. Government debt increases with the rise in borrowing costs.
Under sticky prices, the economy falls into a recession and, under downward nominal wage rigidities,
unemployment increases.

Our first main result regards the use of government spending as a stabilization tool. Regardless of
the degree of price or wage stickness, it is not optimal to deviate from purely cost-benefit considerations
in the provision of public goods in order to stimulate the economy. In particular, it is never optimal
to engage in wasteful spending, even if no other type of spending is available. This is in contrast
with the Keynesian idea that "filling old bottles with banknotes, bury them at suitable depths", just so
they could be dug up again, would be beneficial in a depressed economy given a positive spending
multiplier. However, despite any multiplier effect, it is always optimal to use taxes to achieve any
stabilization goal. The logic is similar to the Principle of Targeting, commonly used in international
trade.? In the presence of static and intertemporal distortions, it is optimal to use tax instruments that
directly act on these margins, instead of only indirectly affecting them by distorting the provision of
public goods.

The burden of the stabilization policy will then fall on tax policy. Our second main result is that it
is optimal to front-load taxes, i.e., the overall level of taxes, the sum of consumption, sales, and payroll
taxes, increase on impact and decline over time. Moreover, the composition of taxes is time-varying.
Consumption tax is increasing while sales or payroll taxes decline over time, depending on which

instrument is being adopted. The optimal policy problem typically does not pin down individual

the level of risk aversion in international financial markets, as in Rey (2015), or from changes in the capital of international
arbitrageurs, as in Maggiori (2017).
2The Principle of Targeting was developed in Bhagwati and Ramaswami (1963). See Dixit (1985) for a discussion.



taxes, as there are different combinations of taxes that implement the optimal allocation. However,
it uniquely determines wedges. Two wedges will be of interest: the labor wedge, the gap between the
marginal rate of substitution and transformation between consumption and labor, and the intertempo-
ral wedge, the gap between the marginal rate of substitution and transformation between consumption
in different dates. The labor wedge will be associated with the sum of taxes, while the intertemporal
wedge will determine the change in consumption taxes. Importantly, the labor wedge can be inter-
preted as an effective mark-up, as it will be equal to the ratio of relative price to the (pre-tax) real
marginal cost.

Under flexible prices, the labor wedge is determined by the balancing of two effects. First, an
international monopolist effect, where the planner has an incentive to tax domestic firms to keep prices
high and extract more revenue from foreigners, as in the standard optimal tariff argument. Second, a
domestic distortion effect, where the planner has an incentive to subsidize domestic firms to eliminate
the effect of market power. Depending on the relative importance of each effect, the planner may on
average subsidize or tax firms. However, in response to a risk premium shock, it is always optimal
to raise taxes. As domestic consumption declines in response to the increase in interest rates, foreign
demand becomes more important, strengthening the international monopolist effect and leading to the
increase in taxes. As consumption slowly increases, the domestic distortion effect regain its relevance,
and taxes will tend to fall over time.?

A high labor wedge means that the cost of domestic goods is relatively low, as the marginal utility
of an additional good exceeds the marginal disutility of providing it. The planner then has an incentive
to shift resources to periods where the labor wedge is positive. Hence, a time-varying labor wedge will
induce intertemporal distortions. As the labor wedge increases on impact, the planner has an incentive
to shift demand to the present by having an increasing consumption tax, which creates inflation expec-
tations and reduces the real interest rate. Therefore, it is optimal to partially offset the risk premium
shock even under flexible prices. One particular implementation of the optimal policy is to have an
increasing consumption tax, a VAT that increases on impact and declines faster than the increase in the
consumption tax, such that the sum of taxes is decreasing.

The behavior of the consumption tax is similar under sticky prices. As before, the planner responds
to a temporary increase in the labor wedge by shifting consumption to the present. But now the
increase in the labor wedge is coming in part from an increase in mark-ups, as prices do not follow the
decline in costs during a downturn. Hence, it is again optimal to have an increasing consumption tax.

It will be optimal to front-load taxes under sticky prices provided that international demand is
sufficiently inelastic. Notice that the pricing friction prevents an immediate depreciation of the real
exchange rate, so a natural policy response would be to reduce taxes to accelerate the process of inter-
nal devaluation and stimulate the economy. However, the planner acts in the direction of appreciating
the terms of trade. The reason is that the only way of achieving a depreciation of the real exchange
rate is by a period of deflation. However, deflation is costly with staggered price setting. If the cost
of deflation is sufficiently high, it is optimal for the planner to achieve a more stable terms of trade

and limit the internal devaluation caused by the recession. The more inelastic the international de-

3Such dynamic effects are in contrast to standard optimal tariff results. If international demand is constant, as assumed,
then the optimal tariff should be constant, despite the presence of shocks.
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mand, the smaller the threshold for the cost of inflation/deflation such that it is optimal to increase
taxes in response to shock.* If international demand is sufficiently inelastic, then it is always optimal
to front-load taxes.’

The front-loading of taxes will have an impact on the evolution of government debt. First, we show
that the fiscal needs of the government fall under the optimal policy, compared to a passive policy
where the government does not react to the shock. Moreover, under some circumstances, the path of
government debt is always smaller under the optimal policy than under the passive policy. This is
indeed the case under the baseline calibration. Moreover, it is optimal to stabilize government debt at
roughly the pre-shock level. Hence, by properly designing tax and spending policy, the government is
able to stimulate the economy and achive fiscal consolidation.

Finally, I consider the economy under downward nominal rigidities. In contrast to the economy
with sticky prices, the planner now needs all three taxes to implement the optimal policy. This allow
us to evaluate the optimality of a fiscal devaluation policy, where the government increases the VAT tax
and reduces the payroll tax. It turns out it is optimal to implement a fiscal appreciation, as the VAT
decreases on impact, while the payroll tax is increased. By decreasing the VAT and increasing the
payroll tax, the planner is able to shift up the labor demand and shift down the labor supply, reducing
unemployment. By combining these instruments with the consumption tax, the planner is able to
achieve the unconstrained flexible prices optimum.

Literature. The analysis of fiscal policy in currency unions can be traced all the way back to Kenen
(1969). Recent contributions focusing on optimal policy can be found in Gali and Monacelli (2008)
and Ferrero (2009). In contrast to their work, who focus on the case of a centralized fiscal authority,
I analyze the case of decentralized fiscal decisions. In the context of constrained monetary policy in
a closed economy, Werning (2011) analyzed the optimal government spending in the absence of tax
instruments and found that stimulus spending, deviations from a pure cost-benefit analysis, is quan-
titatively small. The behavior of consumption taxes echoes the unconventional fiscal policy of Correia
et al. (2013). However, in contrast to the closed-economy analysis, it is not optimal to keep producer
price inflation at zero, as the planner has incentives to manipulate the terms of trade. Moreover, the
intensity of the intervention depends on the degree of openness. In particular, as the economy be-
comes fully open, it is optimal not to use consumption taxes, despite of the recession. Terms of trade
manipulation has been recently used in the study of capital controls, Costinot et al. (2011), and foreign
exchange interventions, Fanelli and Straub (2016). A recent literature has focused on the impact of
fiscal consolidations, see, for instance, De Mooij and Keen (2012) and Alesina et al. (2017). Farhi et al.
(2013) studies the implementation of fiscal devaluations, but not its optimal design, and Correia et al.
(2011) provided an early discussion of the policy.

Organization. The paper is organized as following. Section 2 describes the environment and the
equilibrium conditions. Section 3 presents the non-linear Ramsey problem. Section 4 considers the
linear-quadratic problem under flexible prices and section 5 under stick prices. Section 6 discusses the

case of downward nominal wage rigidities and the last section presents the conclusion.

“The threshold is smaller with more inelastic demand because the international monopolist effect gets stronger in this
case, strengthening the incentive to keep the terms of trade appreciated.
5This will be the case for unitary elasticity, as in the Cole-Obstfeld economy commonly studied in the literature.
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2 Fiscal Policy in a Currency Union

The economy consists of a continuum of countries, indexed by i € [0, 1], sharing a common currency.
Preferences and technology are symmetric across countries. I will focus attention in an specific country
which will be called "Home", with index i = H.

I will consider a perfect foresight equilibrium. Since most of the analysis will focus on a first-order
approximation of the equilibrium conditions, certainty-equivalence holds and there is no further loss
on abstracting from ongoing uncertainty.

2.1 Environment
Households

Preferences are given by

) Cl*[f Nl+¢
/O e*Pt llt_o' —|—X10g Gt — 1;_74) dt (1)

Consumer derives utility from an aggregate of consumption goods C;, an aggregate of government
purchases G, and there is a disutility from supplying labor N;.

Aggregate consumption C; is a Cobb-Douglas composite of domestic and foreign goods:

C = <CH¢ )H <CFt)
11—« ®

where Cr; is a composite of foreign goods:

1 1 91 7-
Cry = / AIC.T di
0 A1,

and C;; is an index of goods produced in country i:

1 e—1 ot
Cir = ( /0 cz-,t<j>edf)

and for i = H we obtain the composite of domestic goods.

|

The parameter a controls the degree of home-bias. As a goes to zero, there is extreme home-bias
and the economy barely trades with the rest of the world. As « goes to one, there is no home-bias, and
households in all countries will consume the same basket of goods. The parameter € represents the
price elasticity of goods within a given country and -y represents the elasticity of substitution between
goods from different countries. The term A;; represents an export demand shock for country i.

The per-period budget constraint is given by

By =iBi + (1 —Ttl)WtNt-FHt-FTt— (1+1)

1 1 1
/0 Pri (/) Crip()dj + /O /0 Pi,t<f>ci,t<j>djdi]



where i; represents the nominal interest rate, B; nominal assets, and I1; aggregate nominal profits.
Note that the consumer faces two different types of taxes: a labor income tax 7/, and a tax on
consumption 7f. Importantly, the consumption tax is the same for foreign and domestic goods. The
consumer also possibly receives some lump-sum transfers from the government T;.
Households are subject to the usual No-Ponzi condition:

lim e~ b %B, >0

t—o0

Terms of Trade and Real Exchange Rate

Let’s define now the price indexes associated with the bundles the consumer demands. I will define
the before-tax price levels. The producer price index for country i is defined as

1 T=
by = [/o Pi,t(f)ledj]

and we obtain the domestic producer price index (PPI) for i = H.

The price index for the aggregate of foreign goods is

1 117
Pry — ( /0 Ai,tPi,t(dej)

The consumer price index (CPI) is given by
P, = P} *P}, )

[ will focus on the case of a symmetric rest of the world, where P;; = P;; for i,j # H. Hence,
the price level for any foreign country and the price index of imported goods are equal to each other,
denoted by P;". Following Gali and Monacelli (2008), I define the terms of trade as the ratio of import

prices to export prices
_ P Ft b t*
Put  Puy

St

As all countries share the same currency, the nominal exchange rate is fixed and equal to one. The

real exchange rate is then given by
by
B

The assumption of unit elasticity of substitution between domestic and foreign goods gives a sim-

o

ple relationship between the real exchange rate and the terms of trade:
Qi =5""

I will then refer to movements in the terms of trade or the real exchange rate interchangeably.



Firms

Each differentiated good is produced using labor as the only input:
1
Yi(j) = AN (j) ¥

where ¢ > 1.

The problem of the firm will depend on the degree of price flexibility. For the case of sticky prices,
I assume Calvo pricing, i.e., the periods that firms are allowed to reset their prices are determined by a
Poison arrival with intensity p;.

The problem of the firm is given by:

© s _ Y ¢
max/ ei jO (1t+z+pt§)dz |:(1 — TZ]+5>Pt<j)Yt+S‘t — Wt+5 < 14t+5t> :| dS
Pi(j) Jo

where the firm faces a sales tax 7, Y; |, represents the demand function the producer faces at period

t+s:
Pi(j)\
Yt+s|t = <PH iis Yits

and Y; denotes aggregate demand for domestic goods.
If prices are completely flexible, the problem of the firm collapses to

max { (1= )Pi()) Yy, ~ W (X'H

Pe(f)
Government

Government consumption is an aggregate of domestically produced goods:

1 . =
Gt = /Gt(f)edf
0

Government purchase of each individual good is made in order to minimize costs, given the ag-

gregate amount G;. The government flow budget constraint is given by
Df = ltD‘f + PH,th + PH,tTt — TtUPH,th — TtCPtCt — TthtNt

where Df denotes government debt and T; = T,/ Py + denotes real transfers.
The government is also subject to a No-Ponzi condition

I
lim e~ Jo lsdst <0
t—o0

2.2 Equilibrium Conditions

We can divide the equilibrium conditions into two blocks: a demand and a supply block.



Demand Block

The solution of the consumer problem involves an intratemporal condition:

(1 — Ttl)wt

UN(P:
G N; (1+71°)Ps

and an intertemporal condition®

Ct —1 . AC
C ( t t t — P )
and the transversality condition

t .
lim e~ o isdsp, — 0
t—o0

Notice the level of the labor income tax and the consumption tax affects the labor supply condition,
while only changes in the consumption tax affect the Euler equation.
An analogous Euler equation holds at the foreign countries:
C;ﬁ —1 /% *
— =0 (ifj —m —
C: ( t t % )
where an asterisk indicates foreign variables and foreign taxes are assumed to be constant.

In order to connect the Euler equation in the home country to the Euler equation in the rest of the
world, we need to specify how domestic and foreign interest rates are related:

lt:l;k‘f—lpt

I allow for possible deviations from the uncovered interest parity (UIP). The term ¢; captures in a
reduced-form way changes in risk premium. For instance, an increase in 1; may indicate a reduction
of the ability of foreign investor to hold domestic assets due to an increase in risk aversion or balance
sheet problems.

Taking the difference between the two Euler equations and integrating the resulting expression, we
get the so-called Backus-Smith condition:

1-a
Cr = ©0:,C;S,° 4)

where

1
1t 1+78\°
O = O ¥ T  Yi=erhtd = ; 5
t 0Tt/ t t T (5)
for some constant ©y.
Equation (4) captures the intertemporal effect of real exchange rates on domestic consumption. An
increase in S} %, a more depreciated real exchange rate, implies higher real interest rates on average,

and faster consumption growth. In the absence of risk premium shocks and with constant consump-

®The term 7f is the time derivative of log(1 + 7f).



tion taxes, the term ©; is constant as in the complete markets economy of Backus and Smith (1993),
where © corresponds to the Pareto weight in the planner’s problem. It is common in the literature
with incomplete markets to refer to ©; as a (pseudo) Pareto weight, even though it is time-varying.
Movements in ©; reflect the effect of risk premium shocks and consumption taxes on the real interest
rate the household faces. A positive risk premium shock or a reduction in consumption taxes leads to
an increase in the real interest rate and in consumption growth.

The demand for domestic goods is given by Y; = Cp ¢ + Gt + Cj;, and can be written as

Y; = (1—a)S{Ce + Gt + aApS] Cf (6)

using the fact that S, = Ppit'

The first term represents the demand of domestic agents for domestic output, the second term
represents government demand and the third term corresponds to exports. This equation captures
the intratemporal effects of movements in the real exchange rate. An increase in the terms of trade,
a depreciation of the real exchange rate, will induce an expenditure-switching effect, as domestic and
foreign households shift consumption to domestic goods.

Real net exports are given by

Py Cryp — PriCry

NX; = 5 =S, " [aApnsS/Cf —aSFCy]
t

using the demand for domestic goods to eliminate Cj; ;.
Let the amount of external debt of the home country be denoted by E; = Df — B;. The external

solvency condition relates the external debt to the present discounted value of net exports:

ST [ G e s st ?
Po(1+75)  Jo T+ o

Similarly, the government solvency constraint relates government debt to the present discount value

of primary surpluses

C,"Ds e c W;N,
0 0 = / e P =t ST Yy + TSI + T
) 0 P
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where I used the Euler equation to eliminate the real interest rate from both conditions.

Supply Block

Aggregate demand for labor is given by

N = Ay (Yt>q) )

_ [ PH,t(f))_e(P ,
At_/(; < PH,t d] (10)

where




The term A; captures the effect of price dispersion on aggregate labor demand (and production).
Under sticky prices, the optimal price setting condition is given by

© o Pi(j) € e P (Ve \?
/ e-lptpa)s___~tbs (17@15)%1@%* P Wi f(])% ( f+s) ds=0 (11
0 Prys(1+1fy) Pris e=1 Pis Arts

Equation above indicates the firm will choose prices as an weighted average of all future marginal
costs. In the appendix, I derive the aggregate supply condition that shows how current inflation is
determine by current and future costs.

In the limit p5 — oo, the expression above collapses to the flexible price supply condition:

PHt Qe Wt Yt ¢ 1
1— 7024 — — =) = 12
( Tt) Pt e—1 Pt <At> Yt ( )

where I used the fact that Py (j) = Py under flexible prices.

This completes the description of the equilibrium. An equilibrium is a sequence of allocations
(Ct,Cf, Ny, Yy), prices (W, St, Q;), and government policy (Gy, T, Ttl , 77, Tt) such that conditions (3)-(8)
and (9)-(11) are satisfied.

3 The Optimal Policy Problem

In this section, I will consider the optimal fiscal policy, under flexible and fully rigid prices, in the con-
text of the non-linear Ramsey problem. Section 4 will provide explicit solutions using linear methods
for the case of flexible prices. The role of sticky prices and downward nominal wage rigidity will be
considered in sections 5 and 6.

It will be convenient to adopt a primal approach, where the planner chooses the equilibrium quan-
tities (Y, Gy, ©4, S¢) instead of choosing taxes directly. Under flexible prices, the planner must satisfy
two conditions. First, market clearing condition for goods

Yi = [(1-0)@iSf +anns?| ¢ + G (13)

where ¢ = 1%"‘ + « is the (general equilibrium) terms of trade elasticity of domestic consumption.
Second, the external solvency constraint

E *© \ 7 _ _
=0 = / G ) [AH (S) Tt — 8¢ crat (14)
P 0 G ’

Conditions (13) and (14) are sufficient for determining a competitive equilibrium, in the following
sense. If (Y;, G, ©4, St) satisfy the conditions above, we can always find taxes and prices that support
this allocation as part of an equilibrium. Therefore, the Ramsey problem consists of maximizing utility

subject to conditions (13) and (14). If prices are fully rigid, the planner faces the additional constraint
S =S.
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3.1 The Ramsey Problem

The Ramsey problem can be written as

* 1 _\1-0 1 v, \ #(1+¢)
—pt |+ ®) C*Sff « log Gy — — <t> gt
{@tg:,ay)f(,Gt} {/0 ¢ [1 -0 ( =t ot ) +xlog Gt 1+ QD A,

subject to (13), (14), and S; = S if prices are fully rigid.

Notice the problem takes the perspective of the domestic country, so the optimal policy can be
implemented without international cooperation. This contrasts with previous work on fiscal policy in
currency unions (see Ferrero (2009) and Gali and Monacelli (2008)) where it was taken the perspective

of the whole union, implicitly assuming coordination of both monetary and fiscal policy.

Taxes and wedges

The first order condition with respect to output is

Y (P(1+¢)1 N‘P
oo ()L .

where A; indicates the Lagrange multiplier on the goods market clearing condition.

The Lagrange multiplier A; captures the cost of producing an additional unity of domestic output.
It is given by the ratio of the marginal disutility of work and the marginal product of labor. In an open
economy, this represents only a fraction of the cost of providing domestic consumption, as households
also demand foreign goods. The optimality condition for ®; shows the planner balances the marginal
benefit of consumption with the cost of obtaining domestic and foreign goods

C;% = (1—a)A S +al'y; 754! (16)

where I' is the multiplier on the external solvency condition (14), and we assumed C; = Cj.

Condition (16) determines the intertemporal allocation of consumption. The marginal benefit of
buying a consumption bundle at period ¢ is given by the left-hand side. The right-hand side is the
marginal cost of providing the domestic and foreign goods that constitute the consumption bundle.
A fraction 1 — « of the total expenditure goes to buying S} = % units of domestic production. A
fraction « of the expenditure goes to buying S* ! = p%t units of the foreign good. Importantly, the cost
of obtaining foreign goods at future dates is reduced in the presence of positive risk premium shocks.
Hence, the planner has an incentive to back-load consumption, a factor that will be important in the
optimal design of fiscal policy.

Notice that it is optimal for the planner to set S, * = A;Cy for an economy that barely trades with
the rest of the world, i.e., for « = 0. Since A;C{ represents firms’ real marginal cost in the absence
of taxes and S, * their relative price, this condition corresponds to the laissez-faire outcome under
perfect competition. The term S, */(A;C{) then represents the optimal mark-up and it will be tightly
connected to the optimal level of taxes. Following Chari et al. (2007), I will refer to this ratio as the labor

12



wedge:
S *
MCY

1+thE

Similarly, let’s define the intertemporal wedge as the marginal rate of substitution between con-
sumption in t and 0 adjusted by the marginal rate of transformation, given by the real interest rate
over the same period:

14 o] = CHE/C) T
e’fo (is—715)ds

A positive intertemporal wedge means that consumption at the given date is more expensive than
under a laissez-faire economy with the same path of real interest rates. Both wedges will play an
important role during all of our analysis. Notice these wedges would be zero under no intervention
and perfect competition. However, in general, the optimal policy imply non-zero wedges.

Proposition 1 (Wedges). Consider the solution to the Ramsey problem.

i. Labor wedge: if prices are flexible, then

0
Wb = *O5y . (17)
(v = DAmS + (1 - )5,
ii. Intertemporal wedge: if prices are flexible or fully rigid, and if & > 0, then
v+ wkl 7 Ta+wk]’
1+wf = ' 0 18
M [1+th] {1—1—(05] (18)

and 1+ w} =Y, ifa = 0.

Expression (17) shows that the optimal mark-up will in general vary over time, depending on the
relative importance of foreign and domestic private demand. This contrasts with the private calcula-
tion, where the mark-up is constant and given by /(e — 1).

In order to gain intuition for this result, it is useful to consider two extreme cases. First, assume that
« = 1, i.e,, no home-bias. In this case, all domestic production goes to exports and all consumption
comes from imports. The planner implements a constant mark-up 1 + w! = /(7 — 1) (assuming
v > 1), but instead of using € as the relevant elasticity, it uses the elasticity of substitution between
foreign goods <y. The reason is that if an individual firm attempts to increase its price, consumers will
substitute towards its domestic competitors according to the elasticity €. The planner internalizes that
if all firms raise their price at the same time, they can act as a monopolist in international markets,
where the relevant elasticity of demand is -y. I will refer to this as the international monopolist effect, an
application of the optimal tariff argument to our dynamic economy. The second case is « — 0, i.e,,
extreme home bias. Transactions with the rest of the world are now negligible and the optimal labor
wedge is wl = 0. Since the planner cannot extract revenue from foreigners, it will simply correct for
the inefficiency created by the mark-up of domestic firms. I will refer to this as the domestic distortion
effect.
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In the intermediate case, 0 < a < 1, the planner will balance the desire to act as an international
monopolist and the need to correct domestic distortions. Therefore, the optimal labor wedge will be
in general time-varying, positive, and less than the pure international monopolist mark-up. Moreover,
it will be closer to the monopolist mark-up when exports are relatively more important than domestic
demand. The next proposition shows that this is the result of a missing instrument problem.

Proposition 2 (Optimal tariff). Suppose the planner could impose a tariff on imported goods. The optimal
policy under flexible prices sets (one plus) the tariff to % and the labor wedge to zero.

In the presence of an import tariff, or equivalently export taxes, there is no trade-off between the
international monopolist and the domestic distortion effects.” The planner can eliminate the domestic
distortion and obtain the desired relative price in its foreign transactions. Moreover, given the CES
structure, the optimal tariff is constant. The dynamic effects obtained here are then not a direct appli-
cation of the standard optimal tariff argument, but the result of a trade-off between international and
domestic objectives.

A time-varying labor wedge creates incentives for intertemporal distortions. Consumption is rel-
atively cheap to provide in periods where the labor wedge is large. Hence, an increase in the labor
wedge should lead the planner to reduce the price of consumption, as indicated in equation (18). In
contrast, a constant labor wedge will not lead to any intertemporal distortion when &« > 0. When
a = 0, the cost of foreign goods is not relevant for domestic consumption, so it is optimal to insulate
households from risk premium shocks.

In an economy with sticky prices, a similar trade-off between the international monopolist and
domestic distortion effects emerge. However, the nature of the domestic distortion is different. In an
economy with flexible prices, monopoly power is the only distortion and the only reason for a positive
labor wedge. Sticky prices provides an additional distortion and creates the potential for a positive
and time-varying labor wedge during a recession.

The behavior of the labor and intertemporal wedges are of importance since they determine the
evolution of taxes. In order to implement a given labor wedge, taxes must satisfy the following condi-

tion in the case of flexible prices.

€ 1+
e-1(1-7)(1-1)

1+th:

The intertemporal wedge will pin down the change in consumption tax.

1+1f
1+ 75

14w} =

The intertemporal wedge determines the evolution of consumption taxes, but not its level. The
labor wedge can be implemented by a combination of different taxes. For concreteness, we will typ-
ically assume that 7; = 0 and allow for a constant lump-tax to guarantee the government solvency

constraint.

"The equivalence between the import tariff and the export tax is an application of the so-called "Lerner Symmetry Theo-
rem". See Costinot and Werning (2017) for a modern treatment.
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Optimal government spending and the principle of targeting

The next proposition characterizes the optimal government spending.

Proposition 3 (Optimal spending). Consider an economy under either flexible or fully rigid prices.
i. Wasteful government spending: if x = 0, then it is optimal to set Gy = 0.

ii. Non-wasteful government spending: if x > 0, then it is optimal to set

G x (Y —p(1+¢)
Y g (A) 19)

A striking implication of proposition 3 is that the optimal rule for government spending does not
depend on which extreme of the price flexibility spectrum the economy is. Even though it is clear
that the government should not engage in wasteful spending when prices are fully flexible and the
economy is in "full employment", it is much less obvious this is the case when prices cannot adjust.
Indeed, the optimality of wasteful spending have been explored previously in the literature in related
contexts and, of course, the idea can be traced all the way back to Keynes in the General Theory.® As
we are going to see, the difference lies, in general, in the instruments available to the government.

The basic intuition for the potential beneficial effect of wasteful spending is the following. When
prices are sticky, a drop in demand would cause a decline in consumption and output which is not
compensated by a decline in prices, creating an inefficiently high labor wedge. An increase in spend-
ing, to the extent it has a multiplier effect on the rest of the economy, it would reduce the inefficiency
created by sticky prices. Keynes clearly recognized the role of the labor wedge when he says "when
involuntary unemployment exists, the marginal disutility of labour is necessarily less than the utility
of the marginal product".” These periods of high labor wedge would be periods where government
spending are particularly beneficial, the case of wasteful spending being only a clarifying extreme case.

The main reason it is not optimal to distort the optimal provision of public goods to stimulate
the economy in this environment is that spending is a dominated instrument. In the presence of an
inefficient labor wedge, it is better to use a tax instrument that acts directly at the relevant margin,
instead of distorting other economic decisions. This is essentially an application of the Principle of
Targeting, commonly used in the analysis of trade or environmental policy.!? In this case, it is optimal
to use sales and consumption taxes to affect the labor and intertemporal wedges and keep the decision
of government spending undistorted. In some extreme cases, as the fully rigid prices considered here,
it would not be optimal to use spending for stimulus purposes even in the absence of taxes, as there
is no multiplier effect in this case. However, this is no longer the case as soon as we allow for some
degree of price flexibility, highlighting this is essentially a missing instrument problem.

When government spending is non-wasteful, it is determined by a pure cost-benefit analysis, i.e.,
a comparison of the marginal benefit of spending with the cost of increasing one unit of domestic

8Ferrero (2009) and Gali and Monacelli (2008) cover the open-economy case and Werning (2011) the liquidity trap closed-
economy case.
9Book 3, chapter 10, of Keynes’ "The General Theory of Employment, Interest, and Money".
105ee Dixit (1985) for a discussion and Kopczuk (2003) for a general treatment.
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prodution. Since the marginal cost of providing domestic goods falls with output, it is optimal to
have countercyclical government spending, regardless of the degree of price flexibility or the level of
domestic distortions.

4 Optimal Fiscal Policy in a Sudden Stop

Let’s consider now the optimal response of fiscal policy to a risk premium shock ¢; under flexible
prices. In order to obtain an explicit solution, I will consider a first-order approximation of the optimal
allocation and prices. The approximation can be obtained by considering a second-order expansion
of the objective function subject to linear constraints approximated around a stationary solution of
the Ramsey problem.!! T will denote log deviations from the stationary solution by a lowercase, for
instance, ¢; = log C; — log C, where C is the consumption level at the stationary solution.

The linear quadratic problem is

. 1 /% _ §
min {2 e o et = e + gt + eust + ausF + 20x (7= st —0) ¥ dt} (20)

[01,5,8tYe,ct]
subject to
¢t = 01 + (€ — )si (21)
Vi = Gebr + 68t + (6eC + Gx7)st (22)
0= / e P (o — )5t — 0] dt (23)
0

where ¥; = % fot Psds and the coefficients, defined in the appendix, are positive if ¢ > ¢.

The constraints are the linearized versions of the Backus-Smith condition (4), the market clearing
condition for domestic goods (13), and the external solvency constraint (14). The coefficients ¢, ¢, and
Gx are the steady-state shares in domestic production of private domestic consumption, government
consumption, and foreign demand, respectively. The term (7 — ¢)s; — 6; is the log-linear version of net
exports around a steady state with zero net foreign debt.

The loss caused by deviations of consumption, government spending, and output from their steady-
state levels are analogous to the one in the closed-economy analysis. Three new terms are specific to
our open economy setting. First, an interaction term between consumption and the terms of trade, in-
dicating a smaller loss of having positive consumption when the terms of trade is more depreciated.'?
Second, a term penalizing variations in the terms of trade. The coefficient ¢ is zero for « = 0 and
(1 —gg) for & = 1, so it captures the effect of international demand. Finally, an interaction between
the net exports and the risk premium shock. For the case of a positive risk premium shock, ¥; is posi-
tive and increasing, so the cost of having positive net exports is larger in future dates. This will create

an incentive for the planner to reduce external borrowing in response to risk premium shocks.

1The stationary solution corresponds to the optimal policy when [C}, Ay ;, A are constant and ¢; = 0. For simplicity, I
will focus on the case where the steady state level of net foreign debt and the consumption tax are equal to zero.

12This reflects the fact that, given the level of consumption, the labor wedge is larger in periods where s; is more depreci-
ated, given our restriction on parameters.
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Given the solution to the linear quadratic problem, we can find the taxes necessary to implement
the optimal allocation from the condition for the evolution of 6;

T
g, — Yt 24
=P (24)
and the log-linear pricing condition
— st =00+ (p(1+¢) — Vye + (& + 1 + ) (25)
where 77 = —log =%, ¢/ = —log 1%, and 7 = log 1%

4.1 A Sudden Stop Episode

It will be useful to consider as a benchmark the case of passive fiscal policy, i.e., the fiscal authority sets
t? =t/ = tf = g = 0. In this case, the government does not affect directly any of the equilbrium
conditions (21)-(25).!® This will allow us to characterize the behavior of a sudden stop in the absence
of government intervention and it will serve as a basis of comparison for the optimal policy. The next

proposition characterizes the equilibrium allocation under passive fiscal policy.

Proposition 4. Suppose v > ¢, Py > 0 for every t > 0, and fiscal policy is passive.

0y = % [/Ot Psds — /Ooo e_Psl,bsds]

i. Evolution of 6;:

ii. Equilibrium allocation:

Pg . — Pg . — P . _ P
cr = K. 0y yr = —K, 0 nx; = —K,, 0 St = —K, 0
» P P P P o 14
where the coefficients k., k,/, k., and x5 are all positive.

iii. Short-run vs long-run:

co < 0; Yo > 0; nxg > 0; so >0
lim; 0o ¢ >0; lim; o0 yr < 0; limy 0o nx; <O0; limy y0o st <0

The Pareto weight 6; is increasing, initially negative, and eventually positive. This reflects the
incentive of households to cut consumption and accumulate assets in response to the higher interest
rate. The equilibrium dynamics reflects the behavior of 6;, since output and the terms of trade are
determined by the static conditions (22) and (25), for any given 6;. The drop in domestic demand
leads to an internal devaluation as the terms of trade increase. Net exports increase on impact since
the drop in 6; reduces imports and the depreciation of the terms of trade has a positive impact on net

exports when v > ¢. Such assumption, a version of the so-called Marshall-Lerner condition, is also

13The government may still satisfy the solvency condition by using a lump-sum tax.
14The superscript P stands for “passive fiscal policy".
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sufficient (but not necessary) to guarantee that output increases in response to the risk premium shock.
This prediction is inconsistent with the evidence in Mendoza (2010) regarding sudden stops and it will
be an important difference with respect to the sticky prices economy. In the long-run, as the country
accumulates external assets, the equilibrium behavior is reversed. Consumption increases, output and
net exports becomes negative, and the terms of trade appreciate.

The Marshall-Lerner condition v > ¢ will also be important to guarantee the linear quadratic
problem is convex and a solution to the Ramsey problem exists, so this assumption will be maintained

for the rest of the analysis. Proposition 5 characterizes the equilibrium allocation under the optimal
policy.

Proposition 5. Suppose v > ¢. The solution to problem (20) satisfies the following conditions:

t )
0y = ke [/ Psds —/ e_psl[Jst] = Kg@f
o LJo 0

i. Evolution of 6;:

where kg € (0,1).

ii. Optimal allocation:

= —K1.0

1

¢t = Kb yr = —Ky0;; nxy = —Knx0p; st = —Ksb;

where K¢, Ky, Knx, Ks, and xp, are all positive constants.
iii. Optimal policy vs. passive policy: For v — ¢ sufficiently small, we obtain

nxs
<Ll 5

<1 —s1
Yi X,

where the superscript P denotes the allocation under passive fiscal policy.

As in the case of passive policy, 8; initially jumps down, it is increasing and eventually becomes
positive. However, movements on 6; are attenuated. In the presence of a positive risk premium shock,
fp falls by less than under a passive policy. Therefore, the planner reacts only partially to the shock.
Importantly, even though it is feasible to completely undo the risk premium shock, it is not optimal to
do so. As a fraction of the households consumption comes from abroad and the cost of future imported
goods falls with the increase in interest rates, the planner has an incentive to shift consumption from
the present to the future. Hence, it is optimal for the planner to react to the interest rate shocks. The
reason it reacts by less than individual private agents is that the planner has an incentive to keep the
terms of trade initially more appreciated, i.e., to generate a positive labor wedge, as foreign demand
becomes more important and the international monopolist effect stronger. The relatively high labor
wedge at the initial date creates an incentive to front-load consumption, counteracting the effect of the
risk premium shock.

The attenuation of the terms of trade is obtained only under the assumption of relatively inelas-
tic international demand. For < sufficiently large, the real exchange rate ends up more depreciated

under the optimal policy. Due to countercyclical spending, output reacts less strongly to movements
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Figure 2: A sudden stop episode: passive and optimal policy
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in the real exchange rate in the case of the optimal solution, which would then require a larger initial
depreciation. In order to obtain a more appreciated real exchange rate, the government must actively
use its tax instruments, as reflected by the positive labor wedge F. When 7 is large, the international
monopolist effect gets weaker, so smaller will be the pull towards appreciating the real exchange rate
caused by the tax policy.

Figure 2 shows the quantitative differences between the optimal and passive fiscal policy in the case
of a exponentially decaying risk premium shock, ¢y = e ?#!1y. The calibration follows closely Gali and
Monacelli (2008): ¢ = 3, = 6,p = 0.04,0 = 1.5,y = 1.2, and & = 0.35. Average price duration is set to
three quarters. The share of government spending on total demand is set to ¢, = 0.19, the average for
Portugal, Italy, Greece, and Spain. Debt-to-GDP ratio is calibrated to 0.77 to match the average for the
same group of countries in 2007, prior to the spike in spreads and rise in debt in the recent European
sovereign debt crisis. The half-life of risk premium shock is 3 years and the initial shock is 4%, close to
the value for Italy and Spain and smaller than the value for Portugal or Greece.'

The effects of the sudden stop on consumption, terms of trade, and net exports are large, while
the effect on output is relatively small.'® Outcomes under the optimal policy look like an attenuated
version of the passive policy allocation. In general, the response of consumption is ambiguous, as
the increase in 6y pushes consumption up, while the appreciation of the real exchange rate pushes
consumption down. The net effect depends on the relative strength of these two forces. For the baseline

calibration, the first effect is the dominant one.

15The change in spreads for Greece was much larger than for the other countries and possibly reflected to a larger extent
changes in the probability of default which are not captured here.
161 all figures, consumption, government, and net exports are expressed as fraction of steady-state GDP.
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4.2 Optimal Fiscal Consolidation

Let’s consider now the behavior of the fiscal variables. The next proposition characterizes the optimal
path of taxes and spending.

Proposition 6 (Optimal fiscal policy). Suppose v > & and £} = 0.

i. Optimal taxation:
T+ T = —x0p Ty = Kty T = —Kpothy;

where Kk, K, and Ko are positive constants.

ii. Optimal government spending:
gt =—(p(1+¢) =Dy (26)

The solution to the optimal policy problem pins down the labor wedge ¢ + %f + %/ and the in-
tertemporal wedge 1, leaving indeterminate how the government solvency constraint will be satis-
fied. For concreteness, I will set #/ = 0 and 7§ = 0 and assume the government solvency constraint
is satisfied by a constant lump-sum tax. Similar results are obtained if the government does not use
lump-sum transfers or if 77 = 0. The labor wedge increases on impact and declines over time. Hence,
it is optimal for the government to raise taxes in response to a risk premium shock. The reason is that
foreign demand becomes relatively more important as domestic consumption falls, increasing the role
of the international monopolist effect. Consumption taxes are increasing in order to reduce the real
interest rate faced by households, shifting consumption to periods where the labor wedge is relatively
large. Hence, the consumption tax does not move on impact, by assumption, and it increases over
time. The sales tax jumps up and it is declining over time, fast enough such the sum of taxes is also
declining.

The dynamics of the consumption tax is an example of the so-called unconventional fiscal policy. Cor-
reia et al. (2013) analyzed such policies in the context of a closed economy. D’Acunto et al. (2016) pro-
vided evidence of the effectiveness of unconventional fiscal policy in the case of Germany. In contrast
to the closed-economy case, the sales/VAT tax is not used simply to offset the use of the consumption
tax. The time-varying labor wedge is specific to the open economy and it requires the VAT to more
than compensate for the increase in consumption taxes.

Figure 3 shows the evolution of taxes and government spending for both optimal and passive fiscal
policy. The sales tax increases on impact by around 2.5%, while the consumption tax is kept constant.
The government changes the composition of taxes by increasing the consumption tax and reducing the
sales tax. The consumption tax ends up 2.5% higher than its initial level, while the sales tax ends up
3.0% below its initial level. Hence, the overall level of taxes is smaller in the long-run. As discussed in
section 3, optimal government spending is countercyclical, so it declines in response to the shock, as
output increases. The decline in government is less than 0.5% of the initial GDP.

The next proposition shows how the government debt evolves under the optimal policy.
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Figure 3: Taxes, spending and debt: passive and optimal policy

Government Debt Government Spending
0.001

Passive policy -
Optimal policy 0.000 |- - —

-0.001 -

0.10

0.05
-0.002 |-

0.00 [ -0.003 |-

-0.004 |-
-0.05

; ; ' 0,005 i i ]
0 5 10 15 0 5 10 15
Consumption Tax Sales Tax

0.025 0.03

0.020 0.02

0.01
0.015 |-
0.00 |-
0.010
-0.01

0.005 002k

0.000 L L ! -0.03
0 0

time time

Proposition 7 (Optimal fiscal consolidation). Suppose v > ¢, ¢y > 0, and D > 0.

i. Fiscal needs of the government: the lump-sum tax necessary to finance the government is smaller under
the optimal fiscal policy than under passive fiscal policy.

ii. Debt dynamics: There exists d* such that debt is increasing over time if and only if Py dar.

iii. Fiscal consolidation: For <y sufficiently large, government debt is smaller under optimal policy than
under passive fiscal policy for all dates t > 0.

In the case of both optimal and passive fiscal policy, the fiscal needs of the government, as measured

. D
by the constant lump-sum tax, are given by —090%
smaller under the optimal policy, given the attenuation of 6. Notice that even though taxes increase

. Hence, the fiscal needs of the government are

on impact, the present discounted value of the additional revenue is zero, since 0; is on average zero
under the optimal and passive fiscal policy. The reduction in the lump-sum tax is coming from the fact
that, by increasing inflation expectations and reducing the real rate, the planner is able to reduce its
financial costs. The second part of the proposition shows that government debt increases in response
to a risk premium shock for relatively indebted economies. Importantly, the threshold depends on the
path of the wedges. For our given calibration, figure 3 shows that, while government debt increases
under the passive policy, it decreases for the optimal fiscal policy. This is specific to the assumed level
of debt-to-GDP ratio of 80%, which is closer to the value of Portugal. A value of 100%, as in Italy or
Greece, would be enough for the government debt to increase under the optimal policy as well, but
still by much less than the one for the passive policy. For large values of v, so the dampening of output
is limited, we are able to show analytically that debt is always smaller under the optimal policy. This
is the result of the front-loading of the labor wedge, as the sum of taxes increase on impact.
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5 Optimal Policy under Sticky Prices

We have considered so far the case of flexible prices. As seen above, the optimal allocation involves
an immediate depreciation of the real exchange rate in response to an increase in the risk premium.
Since the nominal exchange rate is fixed, this is achieved by a coordinated, simultaneous, discrete cut
in prices. As in the classical argument of Friedman (1953), it may be hard to achieved in practice this
coordinated immediate reduction in prices, and the actual process of adjustment may take a long time.
In order to capture this process, I will assume that prices are sticky and reconsider how fiscal policy
should be designed. I will first consider the opposite extreme of flexible prices, fully rigid prices, then
proceed to the more complex case of sticky prices.

5.1 Fully Rigid Prices

The optimal policy can be obtained by solving the following linear quadratic problem:

1 ;
rgom {2 /o 77" locdf + aggi + oyt — 204001 dt}

subject to

Ye = GOt + o8t

0:/ e Ptg,dt
0

where I used the fact that ¢; = 6; and s; = 0 forall t > 0.

Let’s start by characterizing the optimal allocation:

Proposition 8 (Optimal allocation: rigid prices). Suppose v > a and prices are fully rigid."”

KR t %)
g; = -2 [/ Psds —/ e‘Pstpsds}
v LJo 0

N Ge . . _ . ~L _
yt — 1 I (qD(]. —|—(P) — 1)gg9t’ Ct = th nxy = Qxet/ Wy o [1 + (C (X)g] Gt

i. Optimal allocation:

1 -1)(1—-
where ki € (0,1) and G = (fi(;((l)1)+—45;(*1)2§)'

ii. Optimal policy vs passive policy:

6 c nx Wk
—It,<l; y—lt)<1; —It)<1; —It)<l; ALtP<1
0; Yi Cy nx; wy”

where the superscript P indicates the allocation under the passive fiscal policy.

7Under rigid prices, the weaker condition v > « is enough to guarantee the problem is well behaved.
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iii. Role of openness and international demand:

limxX =0, limxf =1, lim«X=1; oKy <0; lim x§¥ >0
a—0 a—1 T oy Yoo

As before, 6; is increasing, initially negative and eventually positive, reflecting the incentive to
shift consumption into the future due to the higher interest rates. The planner reacts by attenuating
movements in consumption by setting k¥ < 1, which is implemented by effectively reducing the
real interest rate to households via rising consumption taxes. Attenuation in consumption leads to
an attenuation of the movements in the remaining equilibrium variables. The main difference with
respect to the flexible prices case is that the risk premium shock now creates a recession, as output falls
on impact in the absence of a depreciation of the real exchange rate. The recession will manifest itself
into the labor wedge @F = —c6; — (¢(1 + ¢) — 1)y;, which will be positive on impact under both the
optimal and passive fiscal policy.

When prices are fully rigid, the international monopolist effect does not have dynamic implica-
tions, as it is not possible to manipulate the terms of trade. However, the degree of openness and
how competitive international markets are still play a determinant role on how fiscal policy should
be designed. In particular, the planner’s incentive to shift demand to periods where the economy is
depressed, i.e., the labor wedge is high, is primarily determined by such considerations. This can be

seen by linearizing expression (18):

For an economy that barely trades with the rest of the world, the planner reacts strongly to even
small fluctuations in the labor wedge, completely eliminating the recession. For a fully open economy,
it is optimal not to react to the shocks, as the increase in interest rates reflect entirely the cost of pro-
viding consumption goods. Hence, even though the economy is in a recession, it is a fully efficient
one. Another important determinant of the optimal reaction of the fiscal authority is the elasticity of
international demand. When demand is very inelastic, v — a, the labor wedge will be very high in
steady-state and the initial cost of providing domestic goods very low. This captures an environment
where taxes are initially very high as the planner attempts to keep international prices high. Even be-
fore the shock hits, the economy is so depressed that the first-order effects of movements in the labor
wedge are negligible. As demand gets more elastic, the labor wedge in steady-state is reduced, and
movements in the cost of providing domestic goods gain in importance, so the planner will react more
strongly to the recession created by the risk premium shock.

Fiscal policy is determined by conditions analogous to the ones in flexible prices:

gt =—(p(1+¢) - 1ys = (1— )

The optimal rule for government spending is exactly the same as the one under flexible prices (26).
The actual behavior of government spending will be different under rigid prices though, since the de-

cline in output on impact imply that government spending should increase. This will contribute to the
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attenuation of the decline in output to the extent government spending is socially valuable, as captured
by ¢¢. The consumption tax are determined by the intertemporal wedge. Hence, consumption taxes is
increasing over time and it responds more strongly to shocks when the economy is relatively closed or
when international demand is more elastic. In contrast to the flexible price economy, the sales taxes is
not determined, even after normalizations. Since prices are fully rigid, there is no pricing condition to
pin down the level of taxes. This will not be the case anymore in a sticky prices economy where firms
adjust prices infrequently.

5.2 Sticky Prices

Under sticky prices, the optimal policy can be obtained by solving the linear quadratic problem:

. 1 0o B N
min } {2/0 e P! [Qc (ct — 0esst)” + 0987 + 0yy? + 0557 + 20% (7 — &)sr — 0) ¥r + %”%i,t} dt}

(01,56, Y8,CTTH

subject to

Ct = gt + (C— (X)St
Vi = G + 648t + (6C + 6x7)st

0= [" et ir—gs— o

St = —TTHt

where sy = 0.

Allowing for sticky prices introduces a new term in the loss function, corresponding to the standard
cost of inflation caused by price dispersion with staggered price setting. There is also a new constraint
in the problem. Given the price stickness, the price level cannot jump in response to shocks, so the
initial value of the terms of trade is predetermined at its steady state level. An implication of this
constraint is that a period of internal deflation is necessary to obtain a depreciation of the terms of
trade. Hence, a quick adjustment of the real exchange rate will come at a cost of a period of large
deflation, while maintaining inflation close to its target implies a long period of adjustment for the real
exchange rate. As we will see, how the planner will resolve this trade-off will depend on the relative
importance of the cost of inflation and of external demand.

As before, taxes can be inferred from the solution to the Ramsey problem. The change in consump-
tion tax is given by (24) and the level of taxes will be determined by the open-economy version of the
New Keynesian Phillips curve:

M = Py — K [(@(¢ + 1) — Dyr + 0 + ase + 1 + 1]

Optimal allocation
The next proposition characterizes the optimal allocation under sticky prices:

Proposition 9 (Optimal allocation: sticky prices). Suppose v > & and r = e Fv'py > 0.
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i. Initial and average effect:

0o<0;, <0 y<0  7mo<0 nxp>0 @& >0

/ 0;dt < 0; / cidt < 0; / yidt < 0; / sidt < 0; / Ordt >0
0 0 0 0 0

ii. Terms of trade:

sop =0; S0 > 0; lims; <0
t—o0

iii. Dynamics:

0y =6y — Kp,sSt + KG,‘I"‘FH nxy = nXg + Kux,sSt — Knx,‘I’Tt}

Ct = Co + KesSt + Kew e Yt = Yo + KysSt + Ky ¥ ¥r;

where all coefficients are positive, except for k. s whose sign is ambiguous.

As in the case of rigid prices, consumption and output fall on impact, while net exports increase.
The recession ends up reflected in a positive labor wedge. When prices are allowed to adjust, the
drop in demand caused by the risk premium shock leads to deflation. Hence, the real exchange rate
becomes more depreciated via an internal devaluation. In the long-run, the real exchange rate ends
more appreciated than before the shock, consistent with a smaller level of external debt generated
by the increase in net exports. The dynamics of the equilibrium variables in part inherits the hump-
shaped dynamics of the terms of trade and in part reflects the pattern of intertemporal substitution, as
captured by the ¥;.18

An important difference with both the flexible and rigid prices economies is that average consump-
tion and output are both negative. In the two extremes of price flexibility, consumption is on average at
its steady-state level, with the shock affecting only the intertemporal distribution of consumption. The
effect of a risk premium shock is then maximized for intermediary levels of price flexibility. This illus-
trates how constraints on monetary policy caused by a currency union are essentially different from
a closed-economy environment with constrained monetary policy, like the zero lower bound, where
price flexibility tends to monotonically amplify the effect of shocks.

The economy under passive fiscal policy has a similar qualitative behavior to the one under optimal
policy, however, the quantitative implications are severely different.!” As can be seen from figure 4,
optimal fiscal policy is able to turn a significant depression into a mild recession. In contrast, while
the recovery lasts less than a year under passive fiscal, due a large deflation and consequent internal
devaluation, output takes more than two and a half years to return to its pre-shock level under optimal
fiscal policy.

Notice that, under flexible prices, the economy avoids a recession by a coordinated decline in prices

across all domestic producers. The resulting depreciation of the real exchange rate supports the level

18For instance, since ¥; = % fot sds is positive and increasing over time, a positive kg y implies consumption will tend to
increase over time after the initial drop.
19Gee the appendix for the analytical characterization of the allocation under passive fiscal policy.
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Figure 4: Equilibrium under sticky prices: passive and optimal policy
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of demand in the economy. Interestingly, in the case of sticky prices the planner acts in the direction
of reducing the depreciation of the real exchange rate in the short-run, but keeping the real exchange
rate more depreciated in the long-run. This reflects in part the costs of large fluctuations in inflation,
captured by the elasticity of substitution among domestic goods €. Figure 5 shows the behavior of the
terms of trade, output, and taxes for different values of the elasticity e. When ¢ is relatively low, there
is a larger deflation initially, the real exchange rate is more depreciated, and the recession is shorter.
When € is large, the recession lasts longer and internal devaluation is more limited. In the long-run,
the behavior is reversed: the economy with a shorter recession ends up with a more appreciated real
exchange rate and smaller output.

Another important factor determining the optimal response is the elasticity of international de-
mand -y. Countries who face a more inelastic demand will have a more limited depreciation of the real
exchange rate and a slower recovery, as can be seen in figure 6. This is a consequence of the interna-
tional monopolist effect discussed in section 3. The more inelastic the demand, the larger the mark-up
an international monopolist would like to charge on its products. The planner internalizes this effect
and it acts less intensively to eliminate the positive labor wedge caused by the recession, leading to a
relatively more appreciated real exchange rate in the short run.

The planner have then incentives to avoid large real exchange rate depreciations when the cost of
inflation is high, high €, or when international demand is relatively inelastic, low <y. The balancing of
these two forces will be the key determinant of the optimal level of taxes.

Optimal front-loading of taxes
The next proposition characterizes the behavior of optimal fiscal policy.

Proposition 10 (Optimal fiscal policy). Suppose v > ¢.
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Figure 5: The role of the cost of inflation: effect of changes in €
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i. Optimal taxes:

. C
Ty = —Kge,nTTH ¢ + Krf,zpﬁbt

where ke x > 0and ke y € (0,1).

A0 AC

Tt ‘I" Tt — KT,SSt + K-[',Qet
where k9 < 0if y(1 —gg) < eandrrg > 0if y(1 —gg) > €.

ii. No home-bias limit: As « — 1, we obtain

Kre,m = K-L—c,lp =0

Koo = — (e =1(1—¢9) =
Kts = — (6—’)/(1 —Gg)) <1+7g>

 (pe) 11y
where G = o Mrg) Te, -

The behavior of the consumption tax is similar to the one under rigid prices. The planner reacts
partially to the shock in order to shift demand to periods of high labor wedge. The new aspect is the
determination of the sum of taxes t + ;. Since 6y < 0, it is optimal to increase taxes on impact if the
following condition is satisfied

(11— Qg) <e (27)

An increase in taxes will lead to a more appreciated real exchange rate, as we can see from figures
5 and 6. In the absence of any cost of inflation, € ~ 0, the optimal response would be simply an

attempt of replicating the flexible prices economy.20 The government should give massive tax breaks

20Notice, however, that for the firm’s problem to be well defined we must have € > 1, which puts a positive lower bound
on the cost of inflation coefficient.
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Figure 6: The role of international demand: effect of changes in 7y

Terms of Trade Output Taxes
0.08

Optimal policy: y = 1.50
0.025 - 0.004 | —— Optimal policy: y = 3.00
Optimal policy: y = 4.50

0.020 | 0.002

0.000
0.015 |-
-0.002

0.010 |- -0.004
0.005 - -0.006

-0.008
0.000 [

to companies, so they have an incentive to cut prices, achieving the required internal devaluation to
support domestic production. In this case, it would be optimal to back-load taxes, as there is an initial
cut in taxes which is slowly phased out. In contrast, when the cost of inflation is relatively high, it is
optimal for the planner to limit the extent of the deflation by increasing taxes and creating inflationary
pressures. In this case, it is optimal to front-load taxes, as the planner initially increases taxes and slowly
reduce them over time.

How large the cost of inflation needs to be in order to be optimal to front-load taxes depends on the
strength of the international monopolist effect. When international demand is relatively inelastic, then
even a modest cost of inflation will be sufficient to guarantee it is optimal to raise taxes in response
to a risk premium shock. An inelastic international demand means the optimal mark-up is larger and
deviations from the desired mark-up are less costly. Since government spending consists entirely of
domestic goods, only a fraction 1 — ¢, of demand is sensitive to changes in the real exchange rate.

From figure 5, we can see that the effect of the domestic elasticity on the level of taxes is relatively
modest. Even if ¢ = 3, half of the baseline value of ¢ = 6, the level of taxes will fall from around
10.5% to a still sizeable level of 9.5%. In contrast, the level of taxes is very sensitive to changes in
international demand. A change in y from 1.2, the baseline value, to 1.5 is enough to bring taxes down
to around 8.0%. Going all the way to 3.0 or 4.5 will reduce taxes to around 5.0% and 3.0%, respectively.
However, even for substantial departures from the standard calibration adopted by the literature, it is
still optimal for the planner to front-load taxes in response to an increase in interest rates. In particular,

condition (27) is always satisfied in the commonly adopted Cole-Obstfeld case v = o = 1.

Optimal fiscal consolidation

Figure 7 shows the dynamic path of taxes, spending, and government spending under optimal and
passive policy. As usual, the initial level of consumption tax is not pinned down and we normalize it
to zero. The government solvency constraint is satisfied by a constant lump-sum tax. Optimal policy

consists of an initial increase in the sales tax and slowly increasing the consumption while the sales tax
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Figure 7: Taxes, spending and debt: passive and optimal policy
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is reduced. The sum of both taxes is positive at first and decreasing over time. Government spending
follows the fiscal rule (26) and it is essentially a mirror image of the behavior of output. Spending
initially increases by 1.0% of steady-state GDP and it reaches its pre-shock level in about three years.
The front-loading of taxes has important implications for the dynamics of government debt. Un-
der passive fiscal policy, debt increases substantially over time, consistent with the experience of the
peripheral economies that experienced a substantial increase in borrowing costs. In contrast, the gov-
ernment debt declines under the optimal policy and stabilizes at around the same level it started. Notice
government debt declines despite the increase in spending. The front-loading of taxes initially com-
pensates for the increase in borrowing costs, stabilizing the level of debt. Moreover, the lump-sum
transfers required to finance the government are smaller under the optimal policy than under the pas-
sive fiscal policy. Hence, it is not only the timing of revenue that it is affected by the optimal policy. By
reducing the real interest rate and increasing the overall level of economic activity, the government is

able to reduce its need for additional revenues.

6 Downward Nominal Wage Rigidities

Let’s consider now an economy subject to downward nominal wage rigidities, as this will allow the con-
sideration of a few new issues.?! First, it will not be possible anymore to normalize either the VAT or
the payroll tax to zero, as both taxes will be necessary for the implementation of the optimal policy.
This will allow us to consider the optimality of a fiscal devaluation, i.e., the reduction in the payroll tax
accompained of an increase in the VAT tax, a policy that have received significant attention in the liter-

2IFor empirical evidence of downward nominal wage rigidities in the European case, see Babecky et al. (2010). See
Schmitt-Grohé and Uribe (2011) for a discussion of the impact of downward nominal rigidities under fixed exchange rates in
a related model.
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ature recently.?? Second, it will be possible now to account for the increase in unemployment observed
in the economies exposed to increase in interest rates in the recent European sovereign debt crisis. The
inability of wages to go down will limit the market clearing process in the labor market, creating the
possibility of unemployment. Finally, the internal devaluation obtained in the sticky prices economy
is in part generated by a drop in nominal wages, so considering the case of sticky wages allow us to
evaluate the robustness of the conclusions under sticky prices.

Assume that prices are completely flexible, but nominal wages are downward rigid. Consider the
effect of a positive risk premium shock and, to keep the analysis as simple as possible, assume v = ¢.
Consider first the case of passive fiscal policy. The decline in consumption in response to the shock
induces a positive income effect on labor supply that, when wages are not allowed to decline, will
lead to unemployment. As consumption increases over time, this will tend to reduce labor supply
and eventually the economy will return to full employment. The next proposition characterizes the
unemployment and full employment periods induced by the shock.

Proposition 11. Suppose ¢ = v, fiscal policy is passive, and the risk premium shock is positive (ip; > 0 Vt).
Define T} as the time period such that 6 = 0.

o Unemployment period: for t < T, nominal wage satisfy w; = 0 and
—=PoP. _ =PgP. _ _ =P gP. _ _=PpP. _ _=PgP
ct =%.0;; yr =1%,0;; nxy = —€,,0;; St = —K,0;; up = —x,,0;

where %, Kﬁ , x5, %%, %% and are all positive constants.

e Full employment period: for t > TS, unemployment satisfy u; = 0 and
Cr = Kf@t; Y= —Kﬁ@t,' nx; = —K,Ijxet; St = —K; 0f; wy = K;’,et

where K¢, Ky, Knx, and s are all positive constants.

As in the sticky prices economy, and in contrast to the case of flexible prices and wages, output re-
sponds positively to 6; in the unemployment period. Hence, under downward nominal wage rigidity,
a positive risk premium shock generates a recession. Since output responds negatively to 6; under the
full employment period, then y; < 0 for all t. Hence, the shock affects not only the intertemporal allo-
cation of output, but also its average value. Unemployment shoots up on impact and slowly decreases
as consumption and output recovers. As in the case of flexible prices, the terms of trade depreciate
mitigating in part the effect of the shock.

How should fiscal policy respond to the interest rate shock under downward wage rigidity? It turns
out the optimal policy can do as well as in the case of flexible prices, but the fiscal policy required to

implement the optimal is different. In particular, labor income tax (or payroll tax) becomes important.

Proposition 12. (Optimal fiscal policy) Suppose & = vy, 1§ = 0, and the risk premium shock is positive
(pr > 0 V).

22Gee Farhi et al. (2013) for a discussion of fiscal devaluations.
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e Optimal government spending:
gt=—(p(1+¢) Dy

o Optimal taxation:

~ N N 44 ~ vT— &
T+t + Ttl = —(r;@t; =0 0s;

tH =retpy  H=—

where ke € (0,1) and ) > 0.

e Fiscal needs of the government: For & — 1, the lump-sum tax necessary to finance the government is
smaller under the optimal fiscal policy than under passive fiscal policy.

As before, it is not optimal to deviate from the optimal provision of public goods. By the Principle
of Targeting, it is better to use instruments that directly affect labor demand and labor supply when
an economy is facing unemployment instead of indirectly by changing government spending. The op-
timal allocation involves no unemployment, as the planner shifts labor demand upward by reducing
the VAT tax. Consumption tax is increasing over time in order to partially undo the effects of the inter-
est rate shock on consumption. Given the other taxes, the payroll tax is chosen in order to guarantee
the terms of trade will not depreciate beyond the optimal level. As in the case of flexible prices and
sticky prices under inelastic international demand, it is optimal to front-load taxes. As in the case of
flexible and rigid prices, the fiscal needs of the government decline under the optimal policy, as the
amount of taxes necessary to guarantee the government budget constraint is satisfied is smaller under
the optimal policy.

As downward nominal wage rigidity requires an additional instrument to be implemented, it is
possible to explicitly discuss the optimality of a fiscal devaluation policy, i.e., an increase in the VAT
tax accompained with a reduction in the payroll tax. As we have seen, it turns out to be optimal to
implement a fiscal appreciaton, i.e., a decline in the VAT tax and an increase in the payroll tax. This
is partially due to the international monopolist effect, where as before it explains the increase in the
sum of taxes. However, this effect vanishes as v — oo, since it is optimal to have a zero mark-up.
In this special case, Tf = 0 for all t > 0, the VAT decreases and the payroll tax increases by the
same magnitude. The decline in the VAT shifts the labor demand, while the payroll tax shifts the
labor supply, eliminating the unemployment. Hence, the fiscal appreciation is a natural response to
the downward nominal wage rigidity friction, instead of being entirely driven by the international

monopolist effect.

7 Conclusion

In this paper, I studied the optimal design of fiscal policy of an economy subject to risk premium
shocks in a currency union. The first main result is that it is not optimal to deviate from the optimal
provision of public goods to stimulate the economy, regardless of the degree of price or wage stickness.

In particular, wasteful spending is never optimal. This is an application of the Principle of Targeting,
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as it better to use tax instruments that act directly in the inefficiencies of the economy. The second
main result is the front-loading of taxes. Under flexible prices, as domestic consumption declines
in response to the risk premium shock, foreign demand gains in importance, and it is optimal for
the planner to keep the real exchange rate relatively more appreciated to extract more revenue from
foreigners. The same result applies under sticky prices, provided the cost of inflation is sufficiently
high or international demand is sufficiently inelastic, as the planner limits the deflation caused by the
drop in economic activity. Similarly, it is optimal to implement a fiscal appreciation when there is
downward nominal wage rigidity. Finally, the optimal policy implies a form of fiscal consolidation,
as the government debt is reduced under the optimal policy. Depending on parameters, it may be
optimal to completely stabilize the level of government debt.

Fiscal policy is especially important for a member of a currency union, as the country loses the
ability of using monetary policy to stabilize the economy. Hence, the importance of analyzing how
fiscal policy should be designed in such environment, in particular given the debates over the relative
importance of fiscal stimulus and fiscal consolidation. A formal analysis of the trade-off allowed us to
find ways of achieving the desired level of stimulus without sacrificing the soundness of government

finances.

32



References

Alesina, Alberto, Omar Barbiero, Carlo Favero, Francesco Giavazzi, and Matteo Paradisi, “The ef-
fects of fiscal consolidations: Theory and evidence,” Technical Report, National Bureau of Economic
Research 2017.

Babecky, Jan, Philip Du Caju, Theodora Kosma, Martina Lawless, Julidn Messina, and Tairi R66m,
“Downward Nominal and Real Wage Rigidity: Survey Evidence from European Firms*,” The Scan-
dinavian Journal of Economics, 2010, 112 (4), 884-910.

Backus, David K and Gregor W Smith, “Consumption and real exchange rates in dynamic economies
with non-traded goods,” Journal of International Economics, 1993, 35 (3-4), 297-316.

Bhagwati, Jagdish and Vangal K Ramaswami, “Domestic distortions, tariffs and the theory of opti-
mum subsidy,” Journal of Political economy, 1963, 71 (1), 44-50.

Chari, Varadarajan V, Patrick ] Kehoe, and Ellen R McGrattan, “Business cycle accounting,” Econo-
metrica, 2007, 75 (3), 781-836.

Correia, Isabel, Emmanuel Farhi, Juan Pablo Nicolini, and Pedro Teles, “Unconventional Fiscal Pol-
icy at the Zero Bound,” American Economic Review, 2013, 103 (4), 1172-1211.

Correia, Isabel Horta et al., “Fiscal devaluation,” Economic Bulletin, 2011, 17 (4), 27-39.

Costinot, Arnaud and Ivan Werning, “The Lerner Symmetry Theorem: Generalizations and Qualifi-

cations,” Technical Report, National Bureau of Economic Research 2017.

—, Guido Lorenzoni, and Ivan Werning, “A theory of capital controls as dynamic terms-of-trade
manipulation,” Technical Report, National Bureau of Economic Research 2011.

D’Acunto, Francesco, Daniel Hoang, and Michael Weber, “The effect of unconventional fiscal policy

on consumption expenditure,” Technical Report, National Bureau of Economic Research 2016.

Dixit, Avinash, “Tax policy in open economies,” in “Handbook of public economics,” Vol. 1, Elsevier,
1985, pp. 313-374.

Fanelli, Sebastian and Ludwig Straub, “A Theory of Foreign Exchange Interventions,” 2016.

Farhi, Emmanuel and Ivin Werning, “Dealing with the trilemma: Optimal capital controls with fixed

exchange rates,” Technical Report, National Bureau of Economic Research 2012.

_ , Gita Gopinath, and Oleg Itskhoki, “Fiscal devaluations,” Review of Economic Studies, 2013, 81 (2),
725-760.

Ferrero, Andrea, “Fiscal and monetary rules for a currency union,” Journal of International Economics,
2009, 77 (1), 1-10.

Friedman, Milton, “The case for flexible exchange rates,” 1953.

33



Gali, Jordi and Tommaso Monacelli, “Monetary policy and exchange rate volatility in a small open
economy,” The Review of Economic Studies, 2005, 72 (3), 707-734.

— and _, “Optimal monetary and fiscal policy in a currency union,” Journal of International Economics,
2008, 76 (1), 116-132.

Kenen, Peter, “The theory of optimum currency areas: an eclectic view,” Monetary problems of the

international economy, 1969, pp. 41-60.

Kopczuk, Wojciech, “A note on optimal taxation in the presence of externalities,” Economics Letters,
2003, 80 (1), 81-86.

Maggiori, Matteo, “Financial intermediation, international risk sharing, and reserve currencies,”
American Economic Review, 2017, 107 (10), 3038-71.

Mendoza, Enrique G, “Sudden stops, financial crises, and leverage,” The American Economic Review,
2010, 100 (5), 1941-1966.

Mooij, Ruud De and Michael Keen, “" Fiscal Devaluation" and Fiscal Consolidation: The VAT in Trou-
bled Times,” in “Fiscal policy after the financial crisis,” University of Chicago Press, 2012, pp. 443—
485.

Rey, Héléne, “Dilemma not trilemma: the global financial cycle and monetary policy independence,”

Technical Report, National Bureau of Economic Research 2015.

Schmitt-Grohé, Stephanie and Martin Uribe, “Pegs and pain,” Technical Report, National Bureau of
Economic Research 2011.

Werning, Ivan, “Managing a Liquidity Trap: Monetary and Fiscal Policy,” Technical Report, National
Bureau of Economic Research 2011.

34



A Derivations for section 3

A.1 The non-linear Ramsey problem

The Ramsey problem can be written as

o0 1 (1o 1 Y, ¢(1+¢)
ot _—_ (@,Crsé " 1 G—< *) dt 28
{@:a%ifct}{/oe [1—a<w ) raosG g (4, %)

subject to
Y= [(1-0)@s] + aAHts“’} Cr + G (29)
Eg —a / P (C) [AH,tSZ_l — @S¢t Crds (30)
P 0 C

The first-order conditions are

XG =M\ 31)
40(1:;;)90(”@%:)” (32)
Cl™7 — (1 — a)©SEC; = al'¥; ¢ <c ) st locy
(&~ 27— A [61 — 004SF + e ]] Cf = —al'¥;? (f) T-DAmST T - @10l ¢

A.2 Proof of proposition 1

i. Labor wedge: The optimality condition for ®; can be written as
G\ 7
C/7 = (1—a)ASY +al'y;” ( Cg) Y (33)

Combining the optimality condition for ®; and S;, we get

(YARST + (1 - )@SF] 5t

al¥, 7 (Cf> Sl = )y : (34)
G (v — 1) AgsS) + (1 —a)S;0;
Combining the last two conditions, we get
G _ (v —1+a)AmS| +(1—a)S{0; _ - a1 ST (35)
A (v = DAneS] + (1 - )57 (v = DAneS] + (1 - )57

Hence, we obtain the expression in the text for the labor wedge.
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ii. Intertemporal wedge: Rearranging the optimality condition for ©;, we obtain

1—uw o/
1= T+ o +aTY7(Cy) 07 (36)
If « > 0, then
- 1704L v
1
© = O¥; | — ket (37)
T+wk
Using the fact that C; = ©;C; (1 + w]) ~¢, we can write the intertemporal wedge as follows
a+wk] T Ta+wh”
1+ wf = ! 0 ] 38
e [1—1—th] [1—}—@% (38)
If « =0, then 1 = A;C{. The market clearing condition for goods can be written as
)Lth = )\tCt -+ X (39)
Combining the equations above, we obtain
_1
y, \ —¢(1+e) yea+e) =11 ¢
w(1-2 () = | (40)
o \ A, AL,

There is a unique solution to the expression above and it is independent of ¥;. Hence, consump-
tion is also independent of ¥; and the intertemporal wedge is given by 1 + w} = Y. O

A.3 Proof of proposition 2

Suppose the government introduces now a tariff on imported goods, so the total tax on foreign goods
paid by consumers is (1 + 7)(1 + 7/) — 1 while consumers pay 7¥ on domestic goods. Since foreign
consumers don’t pay the tariff to import the domestic goods, then they face a relative price of domestic
to foreign goods different than the one faced by domestic consumers. Let §; = % and S; = (1+1))S;

denote the relative price faced by foreign and domestic consumers, respectively. The Backus-Smith

e 7
condition will now be given by C; = ©,C/S, (%) . Net exports will be given by

S~t ¢ SY—u * S~t
=a(g) S A —ag G (41)

PyCryy — PriCry
Py
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The external solvency constraint will be given by

Eo * _ Cf -7 _ gt o gt v _ % S~t
[ C* —0 y
— /0 P <c;> [asgfflAH,tc;ﬁ - an"lCt} ds (43)

Finally, the goods market clearing condition can be written as Y; = (1 — &)S*C; + Gt + aAp S/ C;.
The Ramsey problem can then be written as

X / R P e <Yt>¢(l+¢) dt (44)
{C,5,5.v1,G Y | Jo 1—0 ¢ x1og Gy 159 \ A
subject to
Yi = (1-a)S{Ci + Gt + D‘AH,tg;YC: 5)
o x\ — O

Notice it is more convenient now to choose C; instead of ®;. The first-order conditions are

XGt_l = A

Y, o(1+9) 1
Tt A
? (AH,t> Y; t

*

-0
(1—a)ASE +al¥, 7 (gg) el =7
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[
@) o

o (CE)

0

5Y— * — C* - 5Y— *

yaA ST A CE = a(y — 1)TE; 7 <Cf> ST Ay,C;
0

Combining the conditions above, we obtain

—0Q—«
I P 47)
S; Y — 1 A
Hence, the optimal tariff is constant and the labor wedge is equal to zero. O

A.4 Implementation

Combining the labor supply condition (3) and the pricing condition (12), we obtain

=)A= Pus _ e o (%) 1 (48)
1+1f P e—1 P\ 4 Yi
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rearranging we obtain the expression for the labor wedge

S, "C 7 _ € 1417 l (49)
At e-1(1-1")(1-1)
using the definitions of S; and A;.
Combining the definition of the intertemporal wedge and Euler equation, we obtain
. 1+
1 I _ f()[ tgde _ t 50
twp=e 1+ 7 (50)

A.5 Proof of proposition 3

The first-order conditions for the Ramsey problem under rigid prices are the same as under flexible
prices, except for the optimality condition for S; which is replaced by S; = S. If x = 0, then the only
effect of an increase in Gy is to increase the desutility of work, so it is optimal to have G; = 0. If x > 0,
then the first-order condition is

y, \ ?(+) q y, \ ¢(1+e)
X:q,(f> ;st:X(f) (51)
Gt AH,t Yt Yt () AH,l‘
U
B Derivations for section 4
B.1 Stationary solution
Consider a stationary solution for the Ramsey problem. Assume E = 0,i.e, ® = A H§7_§.
Combining conditions (31) and (32):
— =\ ~¢(+¢)
C_x(X¥Y (52)
Y ¢ \ Ay
rearranging
1
x=9N g (53)
From the optimality condition for ©; and S;, we get
=—0 5 =K I' —a—1
C =A1-«a)S +“FS (54)
and r
- a)C " =21 - +ay]5" +az (-1 (55)
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Eliminating I', we obtain the labor wedge

s

cis _ (56)
A Y-

From the market clearing condition, we have Y = CS'/(1—¢ ¢)- The Lagrange multiplier A is then
given by

_ S 1+¢)—1
A= — P (cs“>¢( ? (57)
7 +4’)(1 _ gg)(p(1+¢)—1

Using C = AC'S" " and the expression for the labor wedge, we can solve for S:

1
—o(1+ _1 | —0)(e(1+9)+o-1)+ag(1+¢)
s_ |r-ad Y1 g | T ¢ (58)
o Q(AHE)¢(1+¢)+071
Given S, we can obtain C,Y, N using the conditions
I A A
C=ApCS"™ Y= i N=|[= (59)
Combining the conditions above and the expression for El_g, we get
—1-c TP 1+¢
= ——N 1-— 60
C o= N T 1g) (60)
This expression will be useful on the derivation of the quadratic approximation below.
In order to support the level of output above, taxes must satisfy the condition:
(1-7)1-7) ¢ N1+¢E(:§a e v (61)

1+7° T e—1 Y €e—-1 v

Finally, consider the government budget constraint. Let’s focus in a steady state where 7¢ = 0. The

government budget constraint is then given by

D 70— WN WN T
[):( %>+1TP1_ﬂ_+#_ (62)
The wage bill can be written as
— —1+¢
WN 1 N " v —1
= TS = (1-1)C (63)
PyY 1-7T Y pe
The tax rate on labor income can be written
_ 1 € T—u
]
-1 4
r=1 1-T’e—1 v (64)
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The revenue from the labor tax is then given by

-1 —
?lﬂ:(l—?”)e S (65)
PyY pe Y
If we set the tax on profits equal to zero, we get
D  _ e—1 e—1 —a\ T
PpY pe pe Py Y
B.2 An approximate welfare criterion
Utility from consumption can be written as
cl-e ¢\ c 1+¢ v 1—0
t _ (1-0)er N 2 7
1—0 1_0.6 1_0.+(PN (gC+gx),y_a|:Ct+ 2 Ct:| (6)
where I used the fact C' 7 = (pﬁlﬂp(gc +¢x) vztx‘
The log-linear version of the Backus-Smith condition holds exactly:
1—
Ct = Gt + C;k + ( lX) St (68)
The utility from government spending can be written as
= Sl+¢
Xlog Gt = xlog G + ¢N* "¢eg: (69)
—1+¢
where I used the fact that x = ¢N* "¢,
The disutility from labor is given by
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The aggregate demand condition can be expressed as:
et = gceet‘*‘gst'f‘C? + ggegt + gxe?\H,t+WSt+C? (71)

up to second-order, we get

1 .
yr+ iy? =GOt + (v6x +86c) st + 68t + (Ge +6x)cf + GxAmy
1 i} .
5 [ee(Or+¢f + Est) + 6g87 + Gx(Ame + ¢f + vst)?]

1-0

1-0 — —
S + xlog G — LNHq), and 1; = %}fq). The term i,
9

11— + xlog Gt — LNH(P, = ¢

Let uy = Tre 'Vt 1o

1+¢
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can be written as

N ¢+ Gx 1—0 1+
i = 7% _5 ) [ct + > Cf] +GCg8t — [(yt —ampt) + 40(249)(% —any)?
1 « *
= =5 [ee(Or+ ¢ + 85 + 6x(Ap ¢ + 150 + 6587 — y7 + (1 +¢) (v — )]
_1’)’(‘7_1)(€c+€x) 2 | 6x T AGe —
5 po— cz + po— [0: + (& — 7)st]

where I am ignoring terms independent of policy.
We can use the external solvency constraint to eliminate the linear terms:

0= p/oo e~ fot(P'*‘l/’s)dse(l—”)cf+(§—1)St@§71 AT (r=0)st _ o0t | gt (72)
0

where I used the fact that E; = 0.

Taking a second order approximation, we get

/0"" e PO+ (8 — )5t — Ayl dt =

_% / et B+ (A=)t + (€= Vst =) = (Mg + (v = Vst + (1 = 0)ef — %) dt
0

Let U = [ e *'0,dt be our measure of welfare. This can be written as

e prt ~ ~
U= _/ [Qe(et +(1—0)c; + (6 —1)si — %) — 09 (Aprp + (1= 0)ci + (7 — 1)sr — 0¥4)® +0.62
0

6 (0 + ¢ 4+ E50)% + Gu(Ame + ¢ +951)* +6o8F — vi + (1 + ¢) (yr — apy)?] dt + ti.p.

where g = 155 and gc = L (6c + 62) = (0 = 1) (@0 + 6
In the case there isonly a r1sk premium shock, we get

Ur = 09(6; + (€ — 1)si — 0F1)2 — 00 (7 — Vst — 0F1)? 4 8ec? + 6o (0 + &) + 6x7?s7 + o8 + 0y

where 0, = ¢(1+¢) —1land U = [* e ' Uydt.
Expanding the expression above, we obtain

Ut = 0(0p + 60)07 +2[00(& — 1) + (0 — 1) (g + 6) (& — @) + e8] Orst — 200 (0 + (& — 7)) 0¥
+ (006 =12 = 0oy = 1>+ (0 = 1)(@0 + €e)(§ — )2 + 6e® + 677 ) 7 + G + y?

simplifying
U= e e =) (1= 5 | =200 61+ = i) oty
2
T N P . rY+1—ua 5 2 2
+’)/(X<§ « 27‘: - ’717064‘2 - “)5t+€g8t+gyyt
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Completing the square, we obtain

2
e ) e e

0 %CP—N+7—N+7—C+C—a7—w
Y- 1—a Y 0 Y

ST+ Gg8F + Qyyt

In more concise notation, we get

Ut = 0c (¢t — 0csst)” + 0487 + 047 + 0557 + 209 (7 — &)st — 01 (73)

where

Y-«

where all coefficients are positive provided ¢y > ¢

B.3 Linear-quadratic problem

The first-order conditions for the linear quadratic problem are

8t = At
(p(1+¢) =D yr = —As

o .
st — oy +1 = gcAy

00t + 0c(§ — o) i

- —u .
(=) Fae |0k (§ = a) TS| + s+ ouly = OF = (7= O = (6 + 6
Combining the first two conditions, we get that government spending is countercyclical

gt=—(p(1+¢) -1y (74)

Plugging the expression above into the aggregate demand condition

ye = Gebr + (6eC 4 GxY)st

“ 1t (019 1es 7>
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The optimality condition for 6; can be written as

Y Ge
Y-ag—a

0+ ¢est — oY + T = gy (76)

The optimality condition for s; can be written as

7—w+v—tx+7—€+€—m—a
1—u« 0% 0% o

Gebr + 71““9[ }%‘*’Q‘P('}’_g)‘?t — (7 =T = (6e€ + gx7)As

Using the first-order condition for 6; to solve for I', we obtain

Gebr +

L [7—a+v—a+v—é+€—m—w

= A
e . PR }St Y(6e +6x) M

Combining the optimality condition for 6; and s;, we get

ce [(y—a)? +a(y—2¢)] e+ Gx
G- Ty —al

using the expression for A;, we get

Yy —a) +a(l—a)(y—3¢)]st = (e + 6x) At (77)

St = —Kg Gt (78)

where (p(1+9)-1)(1—¢o)
(7= ) +a(y = &) + 7y — ) — ) Pl

=0 T+¢)—1)(1— (79)
Yy — ) +a(l— @) (r = &) + (7 — ) (1 — )G + ay) P
A sufficient condition for the expression above to be positive is v > ¢.
B.4 Proof of proposition 4
Solving (22) and (25) for a given 0; under passive policy, we obtain the terms of trade
o+ (91 +¢) — g _ P
S = — 0y = —x, 0 80
TR e - Dk e o0
and output
oe(r=¢+1) _ P
a 1+ (¢p(1+¢) —1)(geC +6x7) t v &
where x{ > 0 and «; > 0is positive if v > .
Plugging the expression for s; into (21), we obtain:
ct = 0‘""((17(1—'—47) _1)(gca+gx,)/)9 — Pet (82)

T T4 (p(l+ @)~k +ea) T

where « > 0.
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Net exports (deflated by domestic CPI) are given by

Py (Yy — Gt) — PGy
P ;

NX; = — aC Gt HEs [ ApST e 0s _ @b (83)

NX;

Let nx; = =>*. Net exports can be written as

nx; = ¢x [(v — ¥)st — 04] (84)

Using the expression for s;, we get

1+o(y—8) + (e +¢) —Dylee +6x), _

_ S
ST T g Died ter) )

where «1, > 0if v > .

Plugging the expression for the net exports into the external solvency constraint (23), we obtain

o ot
0= / et = 0= 0 L / ¢ bt (86)
0 P cJo P

using the fact that 6; = 6 + % fot Psds.

Solving for 6y, we obtain
1 t 0
Ot = — [/ ¢sd5 —/ eptetdt] (87)
g LJo 0

where 6y < 0and lim;_, 6; > 0 for ¢; > 0 and it is assumed f0°° Pdt is well-defined. The short-run and
long-run behavior for s;, y;, ¢;, and nx; is a direct consequence of the behavior of 6; and the expressions
above. O

B.5 Proof of proposition 5

i. Evolution of 6;: The optimality condition for 6; can be written as
w99t = Q\y@t —T (88)

where

Y +1-a)+(1-a) [(7- @) +al=E] + 7 [(r+1 - @) ey + (1 - w)8) + (1 - @) (¢ — )] LA

[€(1 = 6)o] ™" [r(y = @) +a(l = @) (7 = &) + (7 — ) (1 — @)g +ay) Lt HUE |

wy =
(89)
Differentiating with respect to time: .
= (90)
where xp = 0y /wp, or more explicitly.
T [ (y — @) +a(l— ) (7 = &) +2(y = &) (1 — )G +ay) L8|

oy 1 =)+ (1w [(r =) +ad=E ]+ [(r+ 1) ey + (1)) + (- 0)(@ — )] Tty e

)

Ko =
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which is positive. The coefficient is less than one since 1 — «g is also positive

(1= [(1— )y~ ) + (& — )] + (1~ @) (¢ — o) PLEAD e

T a mm + (- [(r - ) L] (1w + (- w) + (1 @) G )] W
The level of 6; is given by
0; = 60 + % /Ot ods 93)
The value of 6 is determined by the external solvency constraint:
0= /Ooo e P [(y—&)st — 0] dt = 0= /Ooo e Plo,dt (94)
Plugging the value for 6; into the expression above, we get
0y = —%" Oooeptl/)tdt = kg0 (95)
Combining the expressions above, we solve 6;
0 = ’ff:fz [pfpw = e_P‘Pt] (96)

Optimal allocation: From the optimality for government spending, the expression for s; (78),
and the demand condition (22), we obtain the expression for output

yr = —kyb; 97)
where x, > 0 and given by

(v =Dar(r+1-a)(1 —go) (1 + (p(1 +¢) — 1) gg) "

Yy — @)+ a1 —a)(y — ) +(y — ) (1 - a)E +ay) LA DO 0

k=0 98)

Notice that in the special case v = ¢, which encompass the commonly used Cole-Obstfeld case,
output should be zero. Consumption is given by

=0+ (E—a)sy = (1 — (& —a)ks) 0 = Kby (99)
where k. > 0 and given by

(p(1+¢)—1)(1—cg)
a(y —a)(r+1-a) [1+7W]

Yy — ) + a1 = @) (7 = &) + (7 — @) (1 — )¢ + ay) L)

ke = (100)
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1ii.

Consider now the behavior of net exports:
nxy = (y = &)st — 0 = — [(v — O)xs + 1] 6; = —Kuxb; (101)
where x,, > 0 and given by

Yy =) [1+0(y = &)+ B e

- (102)
Yy — ) +a(l—a)(y — &) + 2y — &) (1 — a)g +ay) L)

Knx

Optimal policy vs passive policy: The ratio of the terms of trade under optimal policy and

passive policy is given by

1 4o (g — ) OO )(1—gx>] 14+(p(1+¢)— Eiij)%”)

_ _ Y
(r+1-a) [(y—a) +ad To(79) T, | THp(lr9)-T(s
2019 0 )

(1) + (=) [(r- @) +alZ ] Fy [+ 1 - @) ey + (1 - w)8) + (1 - a)(§ — )] L)
(103)

KsKg

We can see that the term above is not always less than one by taking the limit as <y goes to infinity:
_ ) (e(+9)-1)(1—¢,) (p(1+¢)—T)x
g (1€ -0 Pt | e et 14 (00 +9) ~Dleg + (1~ ) _

lim — = =
T K (p(1+9)-1)(1—¢,) T+ (p(+¢) 11— —
" S e (T B e (p(1+¢) =11 -6g)(§ —w)

(104)

However, we are able to guarantee this ratio will be less than one if the difference v — ¢ is suffi-

ciently small. Notice the following inequality holds 1 < 3% ((1(i$)¢) T ()g Eigj)g(%z)a) < O?Ej”. The

upper bound becomes ﬁ in the case oy = ¢. For this case, we can write

(p(1+¢)-1)(1—cy)
Yy +1-a)+ 7 (r+1-a) T

P = _ _
T (1m0 + (-0 =) + P2+ 1— )+ (1 w)y(y —a)] ER e

Since the term above is strictly below one, by continuity, the inequality will be preserved for
v — ¢ sufficiently small. Let’s consider output next:

&) (r+1-a)? 1+(9(1+¢)—1)(1—ce) (1—a)i+ay)

(r—
Kyko _ T y=a g T+(p(1+9)—T)gg
K y(y+l—a)+(1-a) [(v—a)+ "—ﬂ +7[(7+1—a)(1w+(1—0¢)C)+(1—“)(5_"‘”%m
- e [W” L o) g + 707+ 1= ) (- )+ en) k|
Yy +1—a)+(1—a) [(r— ) +al ‘:}+7[7+1—1X)(M+(1—“)C)+(1—“)(5_“”%m

The expression above will be less than one if (7 a) (zféﬁ) < 1. Since (1:5) (;f;i‘) is equal to

zero at v = (, it is increasing in -y, and converges to one when 7 goes to infinity, then this term is

always between zero and one.

The expression for consumption is given by

(p(1+¢)-1)(1—¢g) | at+(p(1+¢)—1)(1—cg)a((1-a)i+ay)

ko 1100 -0y —at 1) sy 1w Pl | S s
K (1) + (=) [(r ) +alZE ] [+ 1 - @) ey + (1 )8) + (1 - a)(§ — ) Pt
(106)
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The expression above is the product of a term that is bigger than one and a term that is smaller
than one, the final result being ambiguous. Finally, consider net exports

(p(+9)-1) (1) ] 1+(p(1+0)~1) (1=, (1=a)E-ar)
_ Wy +1-0) [1+o(r -0 + 1 Bl e | el e

K (1) + () [(r @)+ ad=E ] (- ) (e + (1= )8) + (1 - 0)(§ - ) PR
(107

KnxkKg

which is smaller than one for v — ¢ small. O

B.6 Proof of proposition 6

The expression for the optimal government spending is given in (74). Consider now the evolution of
consumption taxes:

6 — % [ — ] = £ =y — 06y = (1 — ko)t = Kecy (108)

where k.« =1 — k.

Taxes are given by the supply condition (25):
(% + %) = (s = 0)0 = (¢(1 + @) = Dyr = —x:6;
where I imposed %/ = 0. x; > 0 and it is given by

ou [(1-a)(y =) +& —a) + (5 — ) EoH D00

Kr = (109)
- - - _ _ (p(+¢)-1)(1—c¢)
vy —a) +a —a)(y =) +r(r — ) ((1 = a)¢ + a7) g —nc
We can then determine the evolution of the VAT tax
A KrKp
$= ( = +KTC) " (110)
O
B.7 Proof of proposition 7
i. Fiscal needs of the government: Consider now the government solvency constraint:
CO_UDg ) B C—O’ B | Wt B
m = /O e ptﬁ’(f |:T;)St aYt—i—TfCt—FTt?tNt—St “Gt—Tt:| dt (111)

Linearizing the government solvency constraint:

D 0 b oD _ PC _ _
—0cy — pol=—= = e P —oc —/ fcds> =+ +T(—% —ast +y) + ==(1+7)% + 7
(~oeo—plg e = [ [( = [ s ) Tt s )+ (1T 4T
WN (i (e a o) G T, >
+FH? (T (Tt + 1 +oc+ (1 —i—cp)yt) +(1-7) t) ?( ast + gt) 7( asy + Ty) | dt
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i.

Using the pricing condition to eliminate s;, we obtain

5 o t t; pb N — Al A PC — A —
—00)=—= = / e f —/ Tds=——= 4+ +7T(e(1+P)ye + T + %) + == ((1+T)H +T(1 —0)ct)
Y Jo 0 PpY PpY

PH H H
WN /. . G T o Al A G T -
Py (Tl (Tf"‘q’(l"“l’)yt)‘f‘ﬂl) - <Y+Y> ((p(1+ ) = Vys + 3 + 3 + 1) 2 dt
using po = —(1 — a)so.
Simplifying the expression above, we get
. D © D _, _WN o e a
— (0o + Té)ETY =/, ¢ o K(q)(l +¢) - 1)%;7 +T0+ TIPHY> ye+ (1= co) (8 + 2 + 1)+
- _ WN \ ., T
(1= 6T (A= )er = (p(1+¢) = Dys) = | 1=7°) = 5= | & — e — STt | dt
PrY Y
Using %/ = T° = § = 0 and the fact that 6; is equal to zero on average, we obtain
- D
Ty = —og L= 112)
PrY
where T, = —%Tt is the lump-sum tax, instead of transfer, in terms of steady-state GDP.

A similar calculation would show that the same expression holds for the case of passive policy,
but with 95 instead of 6. Since 6y = ngg , the required amount of taxes required to satisfy the
budget under the optimal policy is smaller than under the passive policy.

Debt dynamics: The value of debt at period ¢ is given by

(o0 —60) 25+ D) P = _[( D _ o WN _ /W,(S,t>
< (o (6; — 6p) +Tt)+Dt> I Py +6g ) (p(1+¢) =Dy + [T/ +7 Py Ky + (1 —gg)xe t e P=Hp ds
113)
where I used the fact that y; = —x,0; and the expression for T;.
The first term on the left-hand side is given by
t t t 1— e—Put
o(0r —0o) + T = o (6: — 6p) + KTC/O Psds = (xg + KTC)/O Psds = /O Psds = T% (114)
where the last equality uses the assumption ; = e P¥!¢py.
Similarly, using the decaying risk premium shock, we get
*© 0 xp [ e P Dyds 1—ePut
e Pt ds = 2 4 20 =x (115)
/t : o o “oplp - o9) "
Combining the expressions above, we get
. 1—e Pyt D\ '[/ D WN K
Df = 1- (== = 1+¢)—1 T+ T = f) 1- } 6
! Py Yo { (PHY) [(PHY+gg> (e +4) )Ky+(T T PpY fy+ (1= gghte Pty
(i16)
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rearranging

-1

= (e 0B () e e o (<R s o
D; = oy Yo | 1-(p(1+¢) 1)P+Plp %% Qg((P(1+¢) I)Ky+ T+T PaY Ky + (1 Qg)KT o+ oy
(117)

Hence, government debt is increasing if and only if

) (p(1+¢) — Dicy + (T2 + T LN ) i, + (1 — ¢ )kr | =22

D, Lt v0 70 Pav) v T TSR] (118)

v _ _ 1) PEyKe
In the case of passive fiscal policy, the expression for the debt is given by
gs _ L—ebe! ( D )1 D (., LA (,v 71@) Ky

iii. Fiscal consolidation: For - sufficiently large, x,xg converges to K}I/) . This will guarantee the gov-

ernment debt is larger under the passive policy. O

C Derivations for section 5

C.1 Proof of propositions 8

i. Optimal allocation: The optimal policy can be obtained by solving the linear quadratic problem:

o {; /OOO e [0:0? + 03t + oy} — 20v0r %] dt} (120)
subject to
Yt = Gcbr + Go8t (121)
0= /Ooo e PO, dt (122)
The first-order conditions are
gt = At

—(p(1+¢) —Dyr = At
00 — oy Vi =g A +T

This imply the usual condition for government spending:

gt =—(p(1+¢)— 1)y (123)
Output is then given by
Ge
= 6 124
M T (4 9) g .
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Ii.

The Lagrange multiplier is given by

_ (p(1+¢) — 1.
M T g g) - D!

Differentiating the condition for 6;, we get

b = a(yt1-a) P
a T+¢)—1)(1—
T+ () (1 - @) - ) e ¢

R
K

20
al'bt

where K(I; > 0 and

(1—a)(y —a) + (7 — a) (1 —a)(& —a) LDV U_co)

|k = T {p(1+9) T

1 -1)(1—
Y+ (7 — @) (1 - @) (§ — ) P

The evolution of the consumption tax is given by
=Lt > 4= (1=st)
p t

Plugging into the external solvency condition,

Kg ot
O = ——— “Prdt
= e

KR t )
9, = & [/ Psds —/ epslpsds}
o LJo 0

Therefore, 0; is given by

The labor wedge is given by

>0

(p(1+¢) —1)(1 —g)

@l = 08— (p(1+¢) — 1)y = —0 [1+ € a)

Optimal versus passive policy: Under passive fiscal policy, 6 is given by

0 = % [/Ot Psds — /Ooo e_Pst,bsds]

1+ (p(1+¢) —1)gg

(125)

(126)

(127)

(128)

(129)

(130)

(131)

(132)

Output is given by y; = ¢.0;, consumption by ¢; = 8;, and net exports by nx; = —¢,6;. The labor

wedge is given by

th,P = —06,— (p(1+¢) -1y, = —0 [l + (& —a)(p(l+¢)—1)(1— Ggﬂ of
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Since 0 < Kg < 1and W < 1, then
O 4, oy L, oy @ (134)
of ' yr cf nxf ' C?JtL'P

iii. Role of openness and international demand: The coefficient x}\ can be expressed as

R 14

K@ —
(p(1+¢)—1)(1—gg)
'y+1 riaa 'y+1 zx(l - 06)(5 - DC) 1+(q)(1+¢)—1)g§

(135)

Clearly, kX = 0 fora = 0 and kX = 1 for a« = 1. Since the denominator is increasing in -, then

aK" < 0. Taking the limit as oy — co, we obtain

lim xR = ‘ >0 (136)

o (p(1+9)—1)(1—c¢)
" 1+ (1= )@ = ) girg1e,

C.2 Sticky prices
Derivation of the loss function

Taking a second-order approximation of the expression for the domestic price index

1 1
Py = /O Prs(j)'~¢dj = /O (Pnt(f) — pup)dj = —— / pie(j) — pry)?dj (137)
Approximating the expression for the price dispersion (10) up to second-order, we obtain

- (e@)? 1 , ,
Ar = —eg / pr(] PH,t)dH(f) /0 (Prs(j) = Pre)*df

- olle ‘2”6“) [ s~ pus e

Hence, up to first-order A; = 0, so n; = ¢(y; — a;). Applying an exact law of large numbers:

N € —1e+1 f s A € —le+1 _ N
A, = colle 2) )p(;/ o509 (5, — ppy.)ds = A, = U 2) ) 06(F, — prs)? — pob

(138)
Subtracting pA; from both sides, multiplying by e #*, and integrating the expression above, we
obtain

—0o0

/0 e’PtAtdt:% /0 e Py dt (139)

where x = (’;‘)’ (pf)rf j_)l and using the fact that Ag = 0 and 71 = ps(P, — Pre)-
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Taking a second-order approximation of the labor disutility gives

1+¢ 51+¢ R 1+ A
Ny _N e(1+P)Ai+9(14¢) (yi—ans) o 21 + Nlﬂp ﬁ + (]/t —agy) + M

2
T+¢ 1+¢ T+¢ 3 Wi am)

(140)

Hence, the (per period) loss function under sticky prices corresponds to the one under flexible

prices plus the term <717

New Keynesian Phillips Curve

Up to first-order, we have pg; = fol pr+(j)dj and, applying an exact law of large numbers, we obtain

t
prs = o / e U=0p ds = 711 = ps(Pr — Pris) (141)
The optimal price setting condition is given by

oo —0 D.(i)\— D,(;)—pe—1 ¢
/ g*(p+p(s)5£ 1- Tf+S)MYt+s I S 7YAR Pe(j)— % < Yiis ) ds =0 (142)
0 Peys(1+ 76,) Priits e—1 Pyt Arts

Linearizing the expression above

/t e 0P [ 50 — (P — prag) + Yt — (B +E + ocs + ast + @(1+ ) (s — a5)) + (g + 1) (P — prs) | ds = 0

(143)
rearranging
= _ (p+p5) /oo —(p+ps)(s—t) |20 | ~c | Al N N N
= o—es1) © A oot as+ 91+ 9) (s — as) =y + (9 — e+ Dpis ds

(144)
Taking the derivative of the expression above with respect to t and using the fact that 7, =
ps(P; — pH,t), we obtain

7:[H,t = PTTHt — K ”’L\'g] -+ f}c -+ ftl +0ct + asy + (P(l + (P)(yt — Elt) — yt} (145)

Optimal policy

The Ramsey problem takes the form of a continuous-time optimal control problem

. L ¥+ <
min } {2/0 e Pt [Qc (¢t — 0csSt)” + 0587 + 0yyi + 0557 + 20w (v — §)sr — 1) ¥ + En%i,t} dt}

[9t,5t,gt,yt,ct,7TH,t

52



subject to
Ct = gt + (C— CK)St
Ve = Gcbr + Go8t + (6eC + 627 )st
0= ["e Pl e)se - )
0
St = —TTH

where sy = 0.
The first-order conditions are

8t = —At
(p(1+¢) =1y = At
a5t> —oy¥i+gA+T =0

Qc <9t+(§—“)7_

(e - (et E-a)Y ) - 0ust + 0w (7 — EVFs + Ar(cel + ca7) — Ty — &) = ppisy + fisy

€
ENH’t = Hst
Government spending is given by:
g =—(p(1+¢) =1y (146)
Plugging the expression above into the aggregate demand condition
, = GOt + (6c€ + GxY)st (147)
1+ (p(1+¢) —1)gg
Note that A; is given by
(1 +¢) —1)(1 ~6g)
Ay = 1—a)0 1—a)d+ 148
t 1+ (qﬂ(l +¢) — 1) Cq [( 0‘) t+ (( 0‘)6 0‘7)51‘] ( )
The optimality condition for 8; can be written as
1—gq)o .
')’(’)/_Qg)et + GeSt — Q\{f‘Yt +TI = —gc)u (149)
plugging in the expression for A;, we get
weeb + wesst = Q‘I’"i[t -T (150)
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where

Weg = ’y(%y—_(;ag)ff [1+ 7;“(1 —a)(¢—w)

(p(1+¢) —1)(1—¢;g>}
T+ (p(1+¢) —1)gg
(p(1+¢) —1)(1—9g>}
T+ (p(1+¢) —1)gg

wos = (1—a)(1—gg) [1+<<1—a>c+ow>

We can use the expression above to express 6; in terms of s;:

Y, T
Wosg, 4 QYT 71 (151)
Wop Wopp

0 = —

The optimality condition for s; can be written as

wspbr + wssst + (v — &) (ow¥r —T) = puss — fiss (152)

where

v-=2¢ (p(1+¢) —1)(1 —¢g)
] I Lt i ooy o gy y e
(p(1+¢) —1)(1 —gq)
1+ (p(1+¢) —1)gg

e = (1—¢g) [(1—a>@'+a [wu—a)

wa = (1-0)(1 - g |1+ (1= ¢ +a7)
Using the optimality condition for inflation and the dynamic constraint, we get
€, . €.
Psp=— St fisp = — 5 (153)

Plugging (151) into the expression for s;, we get

2
. . K [ WssWpg — Wy K [ Wgp N
S —ps =~ <w99 s > st + — (w;; + (7—6)) (ow¥:—T) (154)

where I used the fact that wgy = wys.

More compactly, expression above can be written as

8t = pSt + wsSt + Uy (155)
where
w0, = K ((,(Jss(dge w56> ’
€ Wee
=5 (205 (- 0) (erti- )
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(p(1+¢) —1)(1 —gg)
1+ (p(1+¢) —1)gg

@e= (=69 [A=mE+ar+ -0 ZE] (- we+an?

(p(1+¢)—1)(1 - Gg)}
1+ (¢(1+¢) —1)gg

The second order differential equation above can be written as a system of first order ODEs:

.S.t _ P Ws
St 1 0
Define the eigenvalues of the coefficient matrix:

P VOt PVt s, (157)

p=— 7 ="

St Uy

0

" (156)

St

The coefficient matrix can be written as

prws|_ @ |11 p 0p-et 1 (158)
1 0] p=plp! o0 p||p" -1
Define the following transformed variables:
z 1 1] [ —1
7, = Lt _ B St :fus S,t,l.g St (159)
Zyy PP St| P—P|p St—St

The system can be rewritten as

. B wsp !

Zip = pLiy — ——1U;
[

. wsﬁfl

Lot = pZoy+ — Ut

Notice the second-order conditions for the optimization problem guarantee that ws; > 0. Hence,

p > 0> p. We can then solve the first equation forward and the second one backwards:

1
w o
Zip = £ / e Py ds
t

p=r

-1 ot
Zoy = e Zpo + WSO ert=9)y s

P—=p Jo

Evaluating Z; ; at period zero we obtain the remaining boundary condition:

wsp ! 0L o S
- = d $0= — d / e Pludt = §9 = —/ e Plu,dt (160)
P—p P—pP Jo 0

where I used the fact so = 0.
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The initial value of Z; is given by

——1 ——1 00
Zog= P o= 0 [ eyt (161)
pP—p p—=pP Jo
The variable Z; ; can then be written as
w ﬁ_l (o) _ w p—l t
Zoy = —epts/ e Pugds + S/ e =5)y ds (162)
P—P Jo P—P Jo

Rotating the system back to the original coordinates, we get

51} . 1 1 Zl,t
St pt P | Zas

The terms of trade is then given by

00 t co
St = — L [ept/ e Pusds — / L)y ds — / eP(St)usds} (163)
p—p 0 0 t

Let’s consider now the present discounted value of s;:

Zip+ Loy
0 ' Zis+p " 2oy

[} 1 o _ K w R — A
Pt gt — Pt _ omPt 4 dt = s6 — / Pt pt Y, —T)dt
/o e Plsd wS/O (e e ) uy e (w% +(r=2¢) ; (e e ™) (o¥¥: —T)
(164)
The external solvency condition is

[ -os-01d=0 = [" e (- Oom+wn)si— (et -T)]dt =0 (165)

The condition above can be written as

(7= Do + o0 / (e o) (or ¥ - T)di = / Tt (geti-T)dt (166)
€WsWpg 0 0

where I used the fact wy; = wsgy.

We can then solve for I':

r— oyo ! [/w e Pt — £ k(7 — &)wep + wes)” /OO e—ptlptdt]
0 0

1_2 K((7—E)weo+wes)” Px((y—&)weg + a)gs)z + €wswag
P k((7—E)wee+wes ) *+ewswag

(167)
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If i decays exponentially, » = e F¥'iy, then

k((y— C)w99+w9e) p+oy
_ % Yo K((y—&)weo+was ) +ewswog PTPY
T 0+ Py 1-6 K ((y—8)wgp+wes)”
P xc((y—E)wp+wes ) +ewswyy

1—

‘DH‘D

(168)

where the expression above is positive.

The terms of trade are given by

St:E (wse+(7—§)wee) ept/ooe—psQ‘I’q’sds_/ L s)Q‘YTsds /me p(s— t)qu‘I’sd +1—eﬁtr
€ wWep 0 pP—p 0 pP—P t P—p ws

(169)
Assuming that ; is exponentially decaying, the terms of trade can be written as

s=1 (ws9+(7—é’)a}99) 0w o’ +o ¢OB+P¢—Pw€Bt—B"_p‘”t - p+py —pe Frt +1—eﬂfr
op(p+py) (@ —p) opyp(P+pop)(@—p)  ws

€ Wep ooyp(oy +0)(P—p)
(170)
In more compact notation, we can write
st = Ksp (1 — ') +Ksp, (1—eF") (171)
where
5 1 e__x(l= w)wmw%) PPy
Ky = — (wse + (v - C)we)e) oy Yo (0 +py) T P R((7—¢)weetwas) +ewsgs PHPY
P — ws€ Wep oo+ Oy (ﬁ + pg,) (E + Plp) 1— % ol (l(p’)y lﬁlweat;ies)
YY) Weg T Wes EWsWep
o =K <wse+(7—§)w99> oy o (0 +py) 1
P e Weg T o+py (P+p0p)(0+0p) oy

where x5, is negative for py +p > 0, positive if py + p < 0, and «,, has the opposite sign of 5.

C.3 Sticky prices: passive policy
The equilibrium conditions under passive policy are given by
ct =0+ (¢ —a)s
Y = 6ebt + (6 + 6x7)st
0= [ ey -2 —ear
0

St = —TTHt
7t = et — K [(@(@ +1) = Dye + 06 + s¢]
6 =¥
ag

57



Given the path of §;, we can obtain a system of differential equations in (s, $;):
Sel | @s| S| | (172)
ét 1 0 St 0

@s =« [(p(p+1) = 1)(1—ge)((1
Ko

i =K

where

—a)l+ay)+1]
[(p(¢p+1) —1)(1 —gg) (G — ) + 1] 6

Define the eigenvalues

p = PTVOHAG o VA
P2 P

(173)
The solution is analogous to the one under optimal policy, then
1 0o -~ t o B
Sp= —— [eppt / e PP iiyds — / e2r )i ds — / ePP(St)ﬁsds] (174)
Pp—Pp 0 0 t
The present discounted value of s; is then given by
- L[ ot oty o
/ epstdt:~/ (e7Pp! — e™F") i1t (175)
0 Ws Jo
From the external solvency constraint, we have
/ e Py — &)sdt :/ e Pio,dt (176)
0 0

Combining the previous two expressions and rearranging

N Lo-0[e@ 0]

/ efptetdt — ( (p+1)-1)(1— gg)((l w)g+ay)+1 / 67‘5[)t9tdt (177)
0 1 ( C)[( (9+1)—1)(1—go) (E—a)+1] [,

T o@D D e (T-a)Eran) 1

+

Solving the integrals
1 L %o (( G )+[1(;P wﬁ) gg))((1< gg))éim)ﬁll] 1 L o
p{9°+ap+p¢} L0 >[< (p+1)-1)(1—¢o) E—0)+1] pp f +Upp+p¢] (178)
T DT ((I—a)&+an)+1
The value of 6y is then given by
el (_pen) .
v L+ o s (1- ) P*P
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Notice that the present discounted value of 6; is given by

- (r=8)[(p(p+1)—1)(1—¢g) (—a)+1] 2 ( B p+p¢>
/ e P9t — 1 T+ (A=a)§+an)+1 pp prtey) o (180)
0 o (7=8)[(9(9+1)=1) (1—¢;) (§—a) +1] o\ P+py
1+ O g T (s ran 71 (1 P )

The terms of trade can then be written

00 ", t 3 (o) 3 P t
eﬁpt/ e_ﬁPsids—/ eBp(t*s),Lds—/ e~ Pp(s—t) _ ¥s ds — ! f}P 6o
0 pP—EP 0 pP_Bp £ PP_PP Ws

Assuming exponentially decaying risk premium shocks, we obtain

st =x0 [(@(¢p+1) —1)(1—gg) (€ —a) +1]

1= fop (1= e +op, (1= 74 (182)

(-0 +)-D(1-¢)E-a)+1] (1 p ptoy
(p+py)? L+ 0 G e sera et (L & PﬁW)]

(op+o9) (0, +py) (=0)[(9+)-1)(1-co)(G—a)+1] (. p
3 =P L0 e e r it (1 £)

o, @@+ ) =D -g) (G —a) +1] 2 f)pw

op
Po (b+py) 1

oo =gl H ) =D e €m0 T o T oo+ o)

K [ wsg + (v — C)wee) oy poe’ 0+ py — pyet’ —pe P! prpp—pe Pt 1o
= - ——= = + = - — — + r
e ( wee {UP(P 00— T ooy 0B —p) Vom0 —p) | s
(183)
Given the path of 6; and s;, we can solve for the remaining variables:
¢t =04 (& —a)s;
Ye = Gt + (6eC 4 Gx7)st
nxe = 6x((y = ¢)st — 0)
C.4 Proof of proposition 9
i. Effect on impact and dynamics: The value of 6; is given by the equation:
1 t
0= — 54— {Q‘F/ wsds—r} (184)
Woe Wee L0 Jo
Evaluating the expression at t = 0, we obtain
r
0p=——<0 (185)
Weg
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or more explicitly

_p K((7—E)wpo+wes)”
1 4o at(l-a)y 175

k(7 —&)wag+wes ) +ewsweg POV

0 =
0 K((7—E)weo+wps)”

_UP+P¢1+%(1_R)(5_(X>% 1_

( P
1+(p(1+¢)—-1)cg 0

Hence, we can write 0; = 6y — kg ¢5 + kg, ¥, where

14 (= )E 4 ay) P10

_ Wes 24 1+(e(1+¢)-1)gg
KGS = - (g - DC) > 0
’ - (9(1+¢)-1)(1—¢¢)
o L G e oy
1 a(y+1—a)
Koy = — = — >0
' w r—a ((1+¢)-1)(1-¢¢)
W T - 0@ - @) Tnrgne,
Output is given by
PR (et = 0L
1+ (p(1+¢) —1)gg
Evaluating at t = 0, we obtain
Gc0o
= <0
P10+ ) - 1)
Output can then be written as y; = yo + Ky s8¢t + Ks,qz‘*f’t, where
N (RO R T RRY)
T TR T ()~ D g
o — (1_€g)(1_“)%
Y=
1+ (e(T4¢) — T)gg
The coefficient x, y is clearly positive. We can write «, s as follows
1- 1= ) +ay — (1—a)(§ —a) 2
. o E-mst

1+ 14+¢)—1 —aq A\ (p(1+9)-1)(1—¢g)
(P(+9) = 1es 1+ 2221 - ) (¢~ ) Prglizgrmes

Net exports are given by
nxe = 6x [(7 — &)t — 6]

where nxg = —¢,0g > 0.
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(186)

(187)

(188)

(189)

(190)

(191)
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Net exports can be written as nx; = nxg + ux,sSt — Kux ¥ ¥, where

1 1-
y—a (- 0f+en) gt

Knx,s = Gx ’)’_g"i_(g_“) >0 (193)
, Y—a (p(1+¢)— )(1 G )
v 1+T(1_“)(¢_“) T+ (p(11¢)—1 .
1 a(y+1—a
= a L <¢21+¢>—1><1—g3> >0 (194)
+ 5 (1= a)(6 — &) o) 1e,
v+1—a ag.
= 1
oy a2 i-a (195)
Consumption is given by
¢ = 6, + (€ — a)si (196)
where ¢y = 6y < 0.
Consumption can be written as c; = co + k¢St + Kclxy‘fft, where k. vy = Ky and
1 1—
y—a 1+ (=08 + e Yghmr e
Kos = (E—a) |1—- = o) —c) (197)
L+ 158 (1= ) (€ — ) Tgiirg e
If v = &, then k. s > 0 and lim, . k.5 < 0. Hence, the sign of x. s is ambiguous.
The labor wedge is given by ©F = — (00 +s; + (¢(1 +¢) — 1)y:). Given that 6y < 0, 59 = 0,

and o < 0, then &f > 0.

ii. Average consumption: The present discounted value of 6; is given by

/ e_Pthdt = (f)/ — C) / e_ptStdt
0 0
- e /oo et (Q“F‘ift - r) dt
(7 — &)wep + wes Jo Wep Woo
1-2 k((r— @)wee-&-wgs) o+py
P

(v — §wee oy o 1 (7 —8)wep+wes ) +ewswan PP

(7= §)wee + wes wee p + py 0P N 1— e x((r=fwmptws)’
P 1e((y—&)wep+wes ) +ewswey

<0

Since the present discounted value of 6; and s; fall with the shock, then the present discounted

gc9t+(gcl,b+gw)5t
+p(1+¢)—1)gg
value of the labor wedge is positive. Moreover, notice that the expression above converges to

value of ¢; and y; also fall, since ¢; = 6 + (§ — a)s; and y; = . Similarly, the average

zeroif xk — 0and x — oo.
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iii. Terms of trade: The derivative of the terms of trade at zero is given by

€ \ Weg
x [ wsp 1 [ oy o ]
- — + - = I — _—
€ (wee ( C)> P TP+ py
K [ w lo o
s0 Y ptoy  ptpy
= - +(r— - >0 198
€ (wee (o €)> poq_¢ (Y =9 woptwps) (198)
O x

((r—1)wp+wes)* +ewswe

Hence, inflation is negative on impact. Taking the limit as t — oo of s;

— 1
lims, = © <wse + (v C)wee)) [_ o¥to 1“}
[ € Weg ToypWs  Ws
o P K((v—9)weetwes)®  ptoy
— _x <ws9 + ('Y - C)wf%?) 0¥y PHoy PHoy K((’Y—ll’)w99+wes)2+€wsw99 ptpy <0
€ W TPypWs 1— £ K((r=p)wmptwe)®

P k(Y —)wpg+cps ) +ewswpg

Hence, the terms of trade starts at zero, it is initially increasing, and it is eventually negative.

C.5 Proof of proposition 10

i. Consumption taxes: The time derivative of 6; is given by

6 = —osg, 4 Q¥ Wt (199)
Wee Weg O
Consumption taxes are given by
3= gy — b, = az—gzs't + ( - 5:;) " (200)
Using the fact that s; = — 7ty +, we can write
Tf = —Kee nTTH,E + Koo p Pt (201)

where

1 -1)(1—
(1= ) + (1= a)((1 @) +a7) T e

Kreqr =
’ (p(1+¢)-1)(1—¢g)
e+ (1= )6 = &) i,
a4+ (1—a)l
i (1w

Y= A\ (p(1+¢)-1)(1—¢,)
L+ 5 (=)@~ ) mpargne,

and K<y € (0,1).

62



ii. Sum of taxes: The differential equation for s; can be expressed in terms of 773;:

7:L'H/t = PTtHt — [wsst + Mt] (202)

The New Keynesian Philipps curve is given by

7t = p7tH — K [(9(¢ +1) = Dyr + oce +asy + T + ] (203)
more compactly
7:[H,t = PTtH,t — [(IJSSt + wyuur +x (f‘g] + ’i‘f)] (204)

where

e+ =Dl o) L, wes [ (p(1+9)— 1
“’S"‘[ 1+ (911 9)—Dgg ' cwep [1+<¢<1+¢>—1>gg+"H
B :[ (p(1+¢) — 1) H] ¢

! 1+ (p(14¢) —1)g, wsg + (v — &) wee

Combining the expression above with the dynamics for s;, we get

AT AC 1 ~, ~,

T+t = p [(ws — @s) st + (1 — @y) uy (205)
Hence, the initial level of taxes is given by

wse+(7—§)w99_< (p(1+¢) —1)cc +U>} r

€ 1+ (p(1+¢) —1)cg wee
—olt- o) [(WE2 g a1 ) e mw (- 5 ) A0

Taxes can then be written as

ﬁ+%:—{

I+ (p(1+¢)—1)gg | €

T+ ftc = %6] + fS + K8t + KT,‘Y‘IA[t (206)

where

(p(1+¢) -1 —g)
1+ (¢(1+¢) —1)gg

Koy = —g 6_')’(1_€g)+€x§__z+<é_“> (e—7(1—-gy))

Ws — Wy
K

Krs =

€
1-gg"

and k¢ < 0if y < ﬁ,KT}Y > 0ify >>

iii. No home-bias limit: Taking the limit « — 1, we obtain

=0 (207)
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C.6

The coefficient x;y is given by
o
Koy =~ (e—7(1—c¢g)) (208)

The following reduced-form coefficients are given by

(p(1+¢) —1)(1—gy)
ws:’;(l—gg)v[lﬂl ((1+¢)—1)g§]
o (@(1+¢) —1)(1 —gp)
s = [l+71+(¢(1+¢)—1)€g}

The coefficients «. s is then given by

(p(1+¢)—1)(1 - Qg)}

(e—7(1-¢y)) {H’Y 1+ (p(1+¢) —1)gq

(209)

Government debt derivations

Fiscal needs of the government: The government solvency constraint is given by

o0 t D
0= / o |:<_U(Ct —co) — ast _/ %scds) PO (1) + Ty + (- ) — g
0 0 PpY
WN 7
——=7T (tf +oci +asi+ (1 +¢)y) + T
PpY

dt

Under the optimal policy, the expression above can be written as

S~ 5T (00 +si+0%) + (1-T) (& + ) + [T7 — ¢g] &

+ yH—T dt

_ WN

T+ (p(1+¢) —1)gg 5y 'p(1+¢)
HY

using —o(c; — ¢o) — s — [y t5ds = —s; — 0¥

Using the expression for y; and the fact that fooo e Piodt = (v — ©) fooo e P's,dt, we obtain

VN oy — (1= 7) (80 + £5) — prrs / e Pls,dt
PHY , 0

A 5 C
T — o pr WN _ _(1_?1;)’(7“7,‘1’_(?1;_%;) Ke g
p+p¢ PHY PHY o o

where

D WN
pD  WN

PyY  PypY

KTs = — 71"‘(1_1—)7‘75*’[1’ _Qg]

oo T+ (p(1+9) — g + AT (1 +¢)
tmey T (o014 9) ~ Dcg

Similarly, for the case of passive policy we have

b W0 {pD_WN?} WN _

= — = " FHohy — ox e Pl dt
o+pp LPHY PpY Pyy 0 st/O '
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where

D  WN_
K%s - P iTlJr

WN
£= 1-— 4 (1 4+ )
e gm(r e e)

ii. Debt dynamics: Debt at period ¢ can satisfy the condition

A °° D
g = e Plt=t) [ o — s — (55— 26)) P (1 - T (87 1) + (T0— )2
Py /to ( t t— (% t0>) Py ( )( t t) ( Qg) t

_ N _ .
Ty + ﬁrl (B + 00 +si+ o1+ )yt) —gegt + T
H

dt

Using o6; + 1 = 06 + o¥;, we obtain

~e1 D e . D
[—0'(9,}0 — 9()) — fti) + D‘EO:| _ = /to EiP(titO) |:(—0"Yt — St) o

- T+ (1 -TNE"+ 1)+ (TY — ¢, )TF
% % ( )(t t) ( Gg)t

+T%y + ﬁ?l (000 + 0¥ +si+ @1+ ¢)yi) —cege + T| dt
H
The expression above can be written as
. Ag] D ® o oli—ty) ¢
[—U(Qto — 90) — T, + Dt } ——= = Kpo+ e PV~ [KD,sSt + KD,\}ITt] dt
I PpY to
where
T+ gNT P+ 9) + (p(L+9) ~1gg
kpp = (1—a)(1—gg) .
1+ (¢(1+¢) —1)gg
— —=v | WN=I —
oD Tty e1+e)+(e(1+¢) —1)gg  WN_,
s = T == ]. - 1 - =
KD, PHY+(( D‘)C+D‘7)( Qg) 1+((P(1+¢)_1)§g + PHYT
+ (1 - ?U)KT,S + (?v - Qg) Kres + Kp,gKg s
R L
PyY pPry p+py 0 PyY Y
kpy = (1 =Tk + (T¥ — Gg) Kre ¥ + Kp gkow
Solving the integrals, we obtain
. A D KD sSt + KD \yqjt P et Oy Po e Pyt
—0 (0, — 0p) — % + D | =—= =xpo+ 22— —KkpsKsp=— + | KD sKsp,— + KD F = | ———
[ (01, 0) to to} PyY D,0 0 D,s S,Bp P D,sXs,py 0 DY 00 ) 0+ py
rearranging
Df = &po + KD,BeBt + &pye P! (210)
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_( D [ D Kpgs Koy | Krew\ oD Yokpw ]
KD, = (FHY _((UKQ,S + K ,S) FH? + 0 ) <Ks,g + KS,pw) + ( 0y + 00 ) PH? + 000y +Xpo
— -1 - —
- _ D _ D KDs\ XDs Q
e = (FH? _ ((UKG'S TR By T ) p ﬁ] e
— -1 — — Py Yo
- D _ D KD,s [ Key | Koy PoD _ Yokp,y KD ,sXs,p, o + KD,‘P(;-T;
KD,py = PuY <((7K9,s + Kre ) Py + 0 ) Ks,0y ( " + Plp0'> PuY  popy + ( 0+ Py
A similar expression holds for the case of passive policy with the coefficients
Kpp = (1—a)(1—gg) <TU +=—=To(1+ 4’))
P pD -, WN_ WN
Kpg = —=—=+((1—a)l +ay)(1- T+==T¢(l+ +==T
Ds = 5,3 T (1= ®)E+an)(1—c) < AR I -
D 1WN o0 WN_; T  «
’ PyY pPyY p+poy P PyY P [
KD,y = KD,0%o,¥
and
_ -1 - _
_ D K Yo D Pok }
P D;s 0 0kD,¥
Do (PHY) L P ( 2 SIPw) Py PgY PoPy Do
P D I kKDs KpsP
kpp =\ 5% - 5| K
= PpY L P P el
— 1T — Py ¥
R D _KDsy Ko YoD _ Yorkpy [ KDsKspyp +KD¥ 5o
P \PuY P Py PHY  popy Pty
D Downward Nominal Wage Rigidities
The wage and pricing equations are given by
wy — p; = oct + Py + £F + 1 (211)
pat = (¢ — Dy +wp + % (212)

Suppose now that wages are downward rigid w; > 0, i.e., wages are allowed to go up, but not to go
down. If the constraint is binding, then there will be unemployment, i.e., labor supply exceeds labor
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demand. We can rewrite the equations above as a labor demand and labor supply equations:

1 ae o
ni = s [wﬁ—(l—tx)st—mt—rf—rt’}
nd = ({L [—wy — s¢ — T]
using pr = —(1 — a)s;.
Unemployment is then given by
1 . N A
u=ni—nd == —0’9t—TtC—Ttl} —q&[—st—rﬂ (213)

where I used the fact that w; = 0.

Passive Policy

Consider first the equilibrium under passive policy. Let’s conjecture the economy starts with positive

unemployment given a positive risk premium shock. Equilibrium is then determined by

Vi = Gebr + (6eC + Gx7)st

—st = (¢ =Dy
solving the system
GO Ge(9 —1)0
= ; St = — 214
S B e [ S T ¥ e ) e
Unemployment is given by
o PSe
up=—|—+ 0 215
t [<P 1+(gc€+gw)(¢—1)] t —

For simplicity, assume ¢ = <. This imply that, regardless of the length of the unemployment

0y = % [/Ot Psds — /000 e_pslpsds] (216)

Hence, on impact output will decrease, unemployment will increase, and, in the case of decreasing

period, 6; is given by

returns to scale, the terms of trade will depreciate.

Define Ty as the period where 07, = 0. For t > T, equilibrium will coincide with the flexible price

allocation:
Cx0
— 0 217
T e+ 9) - DA —g)y ' 217)

1+ (p(1+¢) —1)(1—gg)y
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The nominal wage is given by

(1- Qg)“q":b 0
T+ (o +¢) - D1 —cor) (215)

wr =00 + Py =0 |1 —

The coefficient above is positive, since 4y > a. Hence, the wage is positive and increasing for
t > Ty. Notice also that for t < Ty, the wage would be below the steady state level, contradicting the

downward wage rigidity.

Optimal policy

Consider now the optimal policy. Given enough instruments, the downward nominal wage rigidity
does not impose any additional restriction to the problem under flexible prices. Hence, the solution

will be
11—«

¥

The implementation, however, is different. Given s; and y;, labor supply is given by

yt = O,‘ St = — 9t (220)

1
ey [—aiet . (ff +il f}’)] (221)

The decline in consumption will increase the labor supply and create unemployment. The follow-

ing condition guarantees labor supply equals labor demand
it il = =T (222)

The nominal wage is given by

wt=0'9t+ff—|—f}l:0'r)/_“9t—’ft >0 (223)
This requires the VAT to satisfy the condition
2 =g "%y, (224)
v
This imply that the labor income tax is
t
= (06 + ) = — / Peds — (060 + ) (225)
0

If we set 7§ = 0, then the VAT declines and the labor tax increases on impact.

Fiscal needs of the government

Consider now the government solvency constraint:

DI oD _, _WN . WN
~ttogg = [ (040 -0 LR 4+ P ok (e + ) - (=) - 1) g
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using 75 = 0.
Under the optimal policy, the present discounted value of output, government spending, and the
sum of taxes are all equal to zero. If & = 1, then the present discounted value of %/ is also zero, since

06y = — [, e P'ydt. The required lump-sum tax is given by
N D
T = o0 L= (226)
PpY

Under the passive policy, it is given by

i D JWN
T, = oy PP -t (p(1 _1LPE RASMIS 227
t ”OpHy p/ e ( ) -DES T ATIS )yt (227)

Since y < 0 for all t > 0 and 6 is the same under passive and optimal policy, then the fiscal needs

of the government are larger under the passive policy.
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