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Abstract
Under fixed exchange rates, fiscal policy is an effective tool. According to classical views
because it impacts the real exchange rate, according to Keynesian views because it impacts
output. Both views have merit because the effects of government spending are asymmetric.
A spending cut lowers output but does not alter the real exchange rate. A spending increase
appreciates the exchange rate but does not alter output unless there is economic slack. We
establish these results in a small open economy model with downward nominal wage rigidity
and provide empirical evidence on the basis of quarterly time-series data for 38 countries.
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Introduction

In theory, fiscal policy is a powerful stabilization tool in open economies when the exchange rate is
fixed. Keynesian theories in the tradition of the Mundell-Fleming model emphasize that changes
of government spending impact output strongly because prices and wages, and eventually the real
exchange rate, are slow to adjust (Corsetti et al., 2013b; Farhi and Werning, 2016; Nakamura and
Steinsson, 2014). Raising public spending stimulates output, while reducing it is detrimental to
economic activity. In contrast, in classical theories the adjustment of the real exchange rate takes
center stage (Corsetti and Müller, 2006). Raising spending does not stimulate output much because
the exchange rate appreciates, while reducing it restores competitiveness (Sinn, 2014).
Both views seem to have some merit in light of the facts. Figure 1 shows data for individual
countries in the euro area, distinguishing between two periods. In the left panel we measure, for
the period from the introduction of the euro up until the end of 2007, the cumulative change in
government spending on the horizontal axis. By and large it was a period of fiscal expansion. The
vertical axis measures the change in the real effective exchange rate during that period. A decrease
of the exchange rate corresponds to an appreciation. We observe that higher spending is associated
with a sizable exchange rate appreciation—consistent with the classical view. In the right panel,
we zoom in on the austerity period 2010–2015. While most countries experienced sizable spending
cuts, exchange rates hardly moved—in line with the Keynesian view.
Can both views be correct? Recently, Schmitt-Grohé and Uribe (2016) have put forward a
new paradigm for thinking about macroeconomic adjustment in open economies. Its key feature
is downward nominal wage rigidity (DNWR).1 A direct implication is that economies with an
exchange-rate peg adjust asymmetrically to shocks. Expansionary shocks are largely absorbed
by rising wages. The exchange rate appreciates. Contractionary shocks, instead, are absorbed
by falling output. The exchange rate adjusts only sluggishly. In the first part of this paper, we
formalize this idea for government spending, which we introduce in the original model of SchmittGrohé and Uribe (2016). In the second part of the paper, we provide supporting evidence based
on a large panel data set. It includes quarterly observations for 38 countries since the early 1990s,
both within and outside of the euro area.
The main result of our analysis—both in terms of theory and evidence—is that the effects of
government spending shocks are indeed asymmetric under an exchange-rate peg. In response to a
negative government spending shock, the real exchange rate does not adjust in the short run. In
line with the Keynesian view, downward nominal wage rigidity prevents the adjustment. At the
same time, output and employment fall sharply. In response to a positive government spending
shock, instead, the exchange rate appreciates. In line with the classical view, higher demand pushes
up wages and prices. Private expenditure is crowded out such that output and employment remain
unchanged. In sum, the world appears to be neither purely Keynesian nor purely classical. Rather,
as far as fiscal stabilization is concerned, we live in the worst of both worlds.
1

For recent discussions on the empirical prevalence of downward nominal wage rigidity see Jo (2018) and Elsby
and Solon (2019) and references therein.
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Figure 1: Government spending and real exchange rates: horizontal axis measures change of government consumption, vertical axis measures change of real effective exchange rate (positive change
corresponds to depreciation); observations are for individual euro area countries, see Section 5 for details. Left panel shows changes for 2001Q1–2007Q4, right panel shows change for 2010Q1–2015Q4.
Note that the correlation coefficient is significant only for the left panel at the 5% significance level.

Our model-based analysis builds on Schmitt-Grohé and Uribe (2016). We extend the original
two-sector model as we allow explicitly for government spending. Specifically, we assume that the
government consumes an exogenously determined amount of nontraded goods. In order to finance
these purchases, the government levies lump-sum taxes so that its budget is balanced at all times.
Our first contribution is to flesh out the fiscal transmission mechanism in the model. For this
purpose, we contrast the case of an exchange-rate peg and the case of flexible exchange rates. As a
natural benchmark, we consider a float where the exchange rate adjusts in such a way as to offset
the effect of DNWR altogether. In this case, output is always stabilized at the efficient level.
Under a float, the real exchange rate responds symmetrically to government spending shocks.
A positive shock, that is, a spending increase, appreciates the real exchange rate because it raises
the relative price of nontraded goods. This, in turn, crowds out private demand for nontraded
goods. A cut to government spending, instead, lowers the relative price of nontraded goods, which
stimulates private spending up to the point where economic activity is completely stabilized. The
exchange rate depreciates. Under a peg, the adjustment is asymmetric. The response to a spending
increase is the same as under a float. Yet, in response to a cut the real exchange rate does not adjust
because of downward nominal wage rigidity. Output of nontraded goods as well as employment fall.
We stress an important qualification of this result: it obtains only if the economy operates near
full capacity to begin with. If, instead, there is slack, the effects of government spending shocks
are symmetric under a peg, but still distinct from the float because the adjustment operates via
output and not through the prices, irrespective of whether government spending is cut or raised.
We establish these results in closed form for a simplified version of our model. In this case,
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we restrict wages to be completely downwardly rigid and show that the effective supply curve
of nontraded goods is kinked: it turns vertical at the point where the economy operates at full
employment, but is horizontal if production falls short of that level. As a result, the adjustment
to government spending shocks is asymmetric if the economy operates near full employment. In
conceptually closely related work, Benigno and Ricci (2011) show that the Phillips curve is nonlinear
in the presence of DNWR, while Dupraz et al. (2019) account for asymmetric labor market dynamics
over the business cycle in a search model of the labor market which also features DNWR.
We then show the quantitative importance of the asymmetry characterizing the adjustment
process in a fully stochastic model of the Greek economy. An increase of government spending
appreciates the real exchange rate by six percent on impact. A cut of government spending of
the same size, instead, induces a depreciation of less than one percent. The impact multiplier on
nontraded output is about one after a spending cut and zero after a spending increase. It takes
about 1.5 years for the adjustment dynamics to become roughly symmetric.
In the empirical part of the paper, we provide evidence for asymmetric effects of government
spending shocks. For this purpose, we extend and update a fairly rich data set, originally assembled
by Born et al. (2019). It contains quarterly time series data for government spending shocks for
a panel of 38 countries, including both advanced and emerging market economies. The data runs
from the early 1990s to the end of 2018. Importantly, the database includes two distinct measures of
fiscal shocks. First, as in Ramey (2011b), we identify government spending shocks as the difference
between actual government spending and the forecast of professional forecasters. Second, as in
Blanchard and Perotti (2002), government spending shocks are obtained as forecast errors within
a vector autoregression (VAR) model.
We estimate the response of government spending, the real exchange rate, and output to both
shock series in isolation. For this purpose, we rely on local projections à la Jordà (2005). This
approach is particularly suitable for the purpose at hand, since it allows us to estimate responses
for positive and negative shocks separately. Once we estimate the model on the full sample and do
not distinguish between fixed and floating exchange rates, we find that the responses to spending
shocks are fairly symmetric. Importantly, we find very similar results for both shock measures even
though samples do not fully overlap for reasons of data availability. Specifically, negative spending
shocks reduce output and depreciate the real exchange rate moderately. Positive spending shocks,
instead, raise output and appreciate the exchange rate.
Our model predicts that the adjustment to spending shocks is asymmetric under an exchangerate peg. To confront this prediction with the data, we estimate our empirical model on observations for the individual countries of the euro area because—from the perspective of the model—
membership in the euro area boils down to an exchange-rate peg as far as the adjustment to
government spending shocks is concerned. In our sample, approximately one third of our observations of the VAR-based shock measure (some 900 of a total of 2800 observations) pertain to
countries in the euro area. For the shock measure based on professional forecasters, the euro sample is considerably smaller and the shocks turn out to be a poor predictor for actual government
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spending. Hence, as we zoom in on the euro sample we exclusively rely on the VAR-based shock
measure.
For this sample, we establish evidence that is fully in line with the predictions of the model.
A government spending cut reduces output but does not alter the real exchange rate. A spending
increase appreciates the real exchange rate but does not alter output. Because DNWR should be
less of a constraint in times of high inflation, we further condition our estimates on periods of high
inflation. Indeed, we find that the economy responds much more symmetrically to government
spending shocks if inflation is high. What changes is the adjustment to spending cuts: if inflation
is high, the exchange rate depreciates and the output response is muted—the mirror image of what
happens after a positive spending shock. Lastly, we condition on periods of economic slack and
find that the adjustment to positive spending shocks changes in this case: the response of output
becomes stronger and the response of the exchange rate weaker—just like the model predicts.
During the last decade, countless studies have investigated the effect of government spending
on output, as a recent survey by Ramey (2019) illustrates. But there are also numerous studies of
how government spending impacts the real exchange rate, with partly conflicting results (among
others, Bénétrix and Lane, 2013; Enders et al., 2011; Ilzetzki et al., 2013; Kim and Roubini, 2008;
Miyamoto et al., 2019; Monacelli and Perotti, 2010).2 However, these studies do not allow for
an asymmetric response of the exchange rate to government spending shocks. At the same time,
several authors have explored nonlinearities in the fiscal transmission mechanism. This includes the
role of the business cycle and the zero lower bound on interest rates (Auerbach and Gorodnichenko,
2012; Christiano et al., 2011; Ramey and Zubairy, 2018), sovereign risk (Born et al., 2019; Corsetti
et al., 2013a), and the sign and size of fiscal adjustments (Giavazzi et al., 2000). Shen and Yang
(2018) analyze the role of DNWR in the transmission of fiscal shocks, just like we do. However,
they perform a purely model-based analysis and, unlike us, do not consider the open economy
dimension. Burgert et al. (2019) study the implications of downward nominal wage rigidity for
the effects of various fiscal instruments in a medium-scale DSGE model. Lastly, we refer to work
which has highlighted features of particular relevance for the fiscal transmission mechanism in open
economies, such as the role of the exchange rate regime (Born et al., 2013; Corsetti et al., 2013b,
2012b; Erceg and Lindé, 2012; Ilzetzki et al., 2013) or sudden stops (Liu, 2018). Bianchi et al.
(2019), in turn, study optimal fiscal policy under a currency peg in the presence of sovereign risk
and DNWR.
The remainder of the paper is organized as follows. Section 2 introduces the baseline model. In
Section 3, we make a number of simplifying assumptions and derive closed-form results. Next, we
solve the full model numerically and present quantitative results in Section 4. Section 5 introduces
both our empirical strategy and our data set and establishes the empirical results in support of the
theory. Section 6 concludes.
2

Standard models predict that positive (negative) government spending shocks appreciate (depreciate) the real
exchange rate. A number of mechanisms have been put forward to rationalize exchange rate depreciation in response
to (positive) shocks (Betts and Devereux, 2000; Corsetti et al., 2012a; Kollmann, 2010; Monacelli and Perotti, 2010;
Ravn et al., 2012).
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2

Model

Our model is an extension of Schmitt-Grohé and Uribe (2016). It features a small open economy
with two types of goods. One good is not traded internationally, but produced by a representative
firm with labor as the only production factor. Nominal wages are downwardly rigid. The other
good is traded internationally by a representative household. In each period the household receives
an endowment of traded goods and may borrow or lend internationally via non-contingent debt.
Our innovation relative to the original model by Schmitt-Grohé and Uribe (2016) is that we
allow for government consumption. We assume that it fluctuates exogenously, is financed through
lump-sum taxes, and falls exclusively on nontraded goods. We maintain the last assumption to
enhance the tractability of the model and note that in practice governments tend to consume some
imports. Yet, their weight in overall government spending is much smaller than for private spending
(see e.g. Corsetti and Müller, 2006).

2.1

Household

There is a representative household endowed with h̄ hours of time, which are inelastically supplied
to the market. The household’s preferences over private and public consumption are given by
E0

∞
X

"

βt

t=0

c1−σ
−1
(g N )1−ς − 1
t
+ ψg t
1−σ
1−ς

#

,

(1)

where Et is the mathematical expectations operator conditional on information available at time
t, ct denotes private consumption in period t, gtN denotes government consumption of nontraded
goods, β ∈ (0, 1) is the discount factor, and σ, ς, and ψg are positive constants with 1/σ being the
intertemporal elasticity of substitution.
Consumption, in turn, is an aggregate of traded goods, cT , and nontraded goods, cN :
"
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where ξ is the (intratemporal) elasticity of substitution and ω ∈ (0, 1) is a parameter governing the
weight of traded goods in aggregate consumption. The corresponding consumer price index (CPI)
is given by:


Pt = ω

ξ



PtT

1−ξ

ξ

+ (1 − ω)



PtN

1
1−ξ  1−ξ

,

(3)

where PtT and PtN denote the domestic-currency price of traded and nontraded goods, respectively.
The household receives labor income and firm profits as well as an endowment of traded goods.
In addition, the household may borrow (or save) via a discount bond that pays one unit of the
traded goods with a foreign-currency price PtT ∗ . The household pays taxes and spends its income
on traded and nontraded goods. Formally, the period budget constraint in domestic currency reads
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as follows:
T∗
Et PtT ∗ dt + PtT cTt + PtN cN
t = Et Pt

dt+1
+ PtT ytT + Wt ht + φt − τt ,
1 + rt

(4)

where Et is the nominal exchange rate defined as the domestic currency price of one unit of foreign
currency. dt denotes the level of foreign debt assumed in period t − 1, which is due in period t.
Wt is the nominal wage, ht denotes hours worked, φt denotes firm profits, defined below, and τt
denotes lump-sum taxes levied by the government. The world interest rate rt and the endowment
of traded output ytT are assumed to be exogenous and stochastic.
We assume that the law of one price holds for traded goods, that is, PtT = Et PtT ∗ , and normalize
the foreign-currency price of traded goods to unity: PtT ∗ = 1. As a result, the price of traded goods
is equal to the exchange rate, PtT = Et . In addition, we assume Pt∗ /PtT ∗ = 1, that is, we normalize
the foreign relative price of consumption to unity. This exogeneity assumption is reasonable in the
context of our analysis, for we study a small open economy.
Through its choice of cTt , cN
t , and dt+1 , the representative household maximizes (1) subject to
(4), and a no-Ponzi scheme constraint:
dt+1 ≤ d¯ ,

(5)

where d¯ is a positive constant. Defining the relative price of nontraded goods, pN
t ≡

PtN
,
PtT

the

optimality conditions of the household are the budget constraint and
N
cN
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cTt

− 1
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(8)
(9)

as well as a suitable transversality condition for bonds. Here, λt /PtT and µt , in turn, are the
Lagrange multipliers associated with (4) and (5), and (9) is the complementary slackness condition.

2.2

Firm

Nontraded output ytN is produced by a representative competitive firm. It operates a production
technology with labor only:
ytN = hαt ,

(10)

where α ∈ (0, 1]. The firm chooses the amount of labor input to maximize profits φt , taking wages
as given:
φt ≡ PtN ytN − Wt ht .
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(11)

Optimality requires the following condition to hold:
pN
t =

Wt /Et
.
αytN /ht

(12)

This condition that price equals marginal costs operates at the heart of the model. To maintain full
employment, a drop in the demand for nontraded goods requires their relative price to fall. This,
in turn, requires a decline in the firm’s marginal costs in order to shift the supply curve outward
and thus to stabilize the demand for labor. Such a decrease in costs will be passed on into the
price of nontraded goods, counteracting the initial drop in demand. As equation (12) shows, an
important factor in firm’s real marginal costs consists of the wage in terms of traded goods. Thus,
a decrease in real marginal costs can be brought about either by a decrease in the nominal wage,
Wt , or by an exchange rate devaluation, that is, an increase in Et .

2.3

Labor market

The household faces no disutility from working and will therefore supply labor in order to meet
labor demand to the extent that it does not exceed the total endowment of labor:3
ht ≤ h̄ .

(13)

Hours worked are determined in equilibrium by the firm’s labor demand. Even though the labor market is competitive, it will generally not clear because of downward nominal wage rigidity.
Specifically, as in Schmitt-Grohé and Uribe (2016), we assume that in any given period nominal
wages cannot fall to a level smaller than γ > 0 times the wage in the previous period. Formally,
the economy is subject to downward nominal wage rigidity of the form
Wt ≥ γWt−1 .

(14)

As a result, there may be involuntary unemployment. This is captured by the following complementary slackness condition that must hold in equilibrium for all dates and states:
(h̄ − ht )(Wt − γWt−1 ) = 0 .

(15)

It implies that in periods of unemployment, that is, whenever ht < h̄, the downward nominal
wage rigidity constraint is binding. When the wage constraint is not binding, that is, whenever
Wt > γWt−1 , the economy will be at full employment.
In what follows, we use
wt ≡ Wt /Et
to denote the real wage in terms of traded goods and t ≡
3

(16)
Et
Et−1

to denote the gross rate of devaluation

We abstract from the non-negativity constraint that wages and hours worked must be weakly positive.
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of the domestic currency. Equation (14) can then be rewritten as
wt ≥ γ

wt−1
.
t

(17)

This expression illustrates that downward nominal wage rigidity operates via effectively constraining
real wages. At the same time, it shows how a currency devaluation, i.e. an increase in t , may relax
the tightness of the constraint.

2.4

Real exchange rate

We define the real exchange rate as the price of foreign consumption (expressed in domestic currency) relative to the price of domestic consumption:
RERt ≡

Et Pt∗
,
Pt

(18)

where Pt∗ denotes the price of foreign consumption expressed in foreign currency. Note that under
the assumptions made above, we can rewrite the numerator as Et Pt∗ = PtT . Using the definition
of the CPI, given by equation (3), we find that the real exchange rate is inversely related to the
relative price of nontraded goods in the following way:
h

1−ξ
RERt = ω ξ + (1 − ω)ξ (pN
t )

2.5

i−

1
1−ξ

.

(19)

Government spending

The government only consumes nontraded goods gtN and finances its expenditure through a lumpsum tax:
PtN gtN = τt .

(20)

Government spending gtN is assumed to follow an exogenous process.

2.6

Market clearing

Market clearing in the nontraded-goods sector requires
N
ytN = cN
t + gt ,

(21)

while the market clearing condition for the traded-goods sector is given by:
cTt = ytT − dt +

dt+1
.
1 + rt

(22)

Labor market equilibrium is characterized by equations (13)-(15). Appendix A lists the full set of
equilibrium conditions and provides a definition of the equilibrium for a given exchange rate policy
{t }∞
t=0 , to be specified next.
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2.7

Exchange rate policy

In order to specify the exchange rate policy, we define the full-employment real wage:
wtf

1−ω
≡
ω

cTt
h̄α − gtN

!1
ξ

αh̄α−1 .

(23)

This expression is obtained by combining the demand and supply schedules of nontraded goods,
(6) and (12), respectively, the definition of the real wage (16), the production technology (10), and
the market clearing condition (21) when the labor market is operating at full employment, that is,
ht = h̄. This is also the unique real wage associated with the first-best allocation.
Whether the actual real wage equals its full-employment counterpart depends on the nominal
exchange rate, as expression (17) above shows. This gives a role to monetary policy, which can
stabilize economic activity by setting the nominal exchange rate. But there are infinitely many
combinations of nominal wage and nominal exchange rate which imply the same real wage—see
equation (16) above—and therefore the same real exchange rate. Hence, any exchange rate policy
satisfying
t ≥ γ

wt−1

(24)

wtf

will make the wage constraint slack and ensure full employment. In what follows, we pick from this
class of full-employment exchange rate policies the one that minimizes movements in the nominal
exchange rate. It is given by
(

t = max γ

wt−1
wtf

)

,1

.

(25)

Intuitively, if the full-employment wage is above the lower bound γwt−1 , the nominal exchange rate
will not be adjusted at all. Otherwise, it will increase by just enough to alleviate the constraint.
In our analysis below, we study, in addition to such a scenario of “fully” flexible exchange rates,
the behavior of the economy under fixed exchange rates, as well as intermediate cases. Formally,
we specify the following exchange rate rule (as in Liu, 2018) to capture alternative exchange rate
arrangements:
(

t = max γ

wt−1
wtf

)φ

,1

,

(26)

with φ ∈ [0, 1]. The case φ = 0 implements a peg, whereas φ = 1 corresponds to a fullemployment stabilizing float (“float”). In general, the smaller φ , the less flexible the exchange
rate.

3

Analytical results

In this section, we establish a number of closed-form results and illustrate the mechanism that
operates at the heart of the model. For this purpose we make a number of simplifying assumptions
and limit our analysis to a perfect foresight scenario. There is a fully unanticipated government
9

spending shock in the initial period and everybody understands that no further shocks will ever
materialize. After describing our simplifying assumptions, we first show that, starting from a fullemployment equilibrium, the real exchange rate and nontraded output respond asymmetrically
to negative and positive government spending shocks unless the exchange rate is flexible. Next,
we show that—under a peg—the adjustment of the economy to a government spending shock is
state-dependent, that is, the response differs depending on whether the shock happens when the
economy is operating at full capacity or in a state of slack.

3.1

Simplifying assumptions

We simplify the model along a number of dimensions. First, following Schmitt-Grohé and Uribe
(2016), we assume that U (ct ) = ln(ct ) and ct = cTt cN
t . In this case the intertemporal consumption
choice is decoupled from the intratemporal choice such that we may solve for the equilibrium in
the market for nontraded goods while taking as given the level of traded-goods consumption.4
Regarding the production function, we assume that α = 1, so that the marginal product of labor
is constant. We also assume that the endowment of traded goods, y T , and the world interest
rate, r, are constant over time. Without loss of generality, we set y T = 1. The steady-state level of
government consumption is denoted by g < 1. We also assume that wages are perfectly downwardly
rigid, that is, we set γ = 1. In this case, any contractionary shock is sufficient to induce the wage
constraint to become binding. Furthermore, we set h̄ = 1 and β(1 + r) = 1 and abstract from the
borrowing constraint (5), but keep on ruling out Ponzi schemes. Lastly, we assume that initially
there is no outstanding debt, d0 = 0, and that the economy is in steady state.
We list the full set of equilibrium conditions of the simplified model in Appendix B.1. In what
follows, we focus on the optimality conditions that characterize the market for nontraded goods:
pN
t =

ytN

cTt
− gtN

pN
t = wt .

(27)
(28)

Recall that pN
t is the (relative) price of nontraded goods. Given our preference structure, it is
inversely linked to the real exchange rate: RERt = 1/pN
t . Whenever the exchange rate increases,
that is, whenever it depreciates, pN
t declines and vice versa.
The first equation, (27), represents the demand for nontraded goods. It is “downward sloping”
N
in nontraded output: ytN = cN
t + gt . The second equation, (28), represents the supply of nontraded

goods. It is “horizontal”, that is, independent of nontraded output, because in the simplified model
marginal costs are constant. Combining both equations results in the equilibrium condition
wt =

cTt
.
ytN − gtN

(29)

To see this formally, note that λ = 1/cTt replaces condition (7): marginal utility of traded consumption goods
does not depend on cN
t . Note that this preference structure enhances the tractability of the model, but is not linear
homogenous and therefore not nested by the specification in Section 2.
4
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In the following, we state a number of propositions to present our main results. All propositions
refer to the simplified model. To ease the exposition, we do not provide formal expressions and
relegate the proofs to Appendix B. To make our points as transparent as possible, we also focus on
permanent shocks in this section. Given our assumptions, the simplified model features degenerate
dynamics: in response to the permanent government spending shock, the economy immediately
jumps to the new equilibrium and there are no further adjustment dynamics. In Section 4 below,
we solve the full model numerically and study richer adjustment dynamics in response to nonpermanent shocks.

3.2

Asymmetric effects of spending shocks

We consider, in turn, the effect of a negative and a positive government spending shock, both for
an exchange-rate peg and for floating exchange rates. Importantly, in this subsection, we maintain
the assumption that, prior to the shock, the economy resides in the full-employment steady state.
We relax this assumption in the next subsection.
Consider first a permanent negative government spending shock taking place at time 0. Specifically, assume the following process for government spending:
gtN =


g

if t < 0

0 < g < g

if t ≥ 0 .

(30)

For this scenario we obtain our first result.
Proposition 1. Under a float, a negative government spending shock brings about real exchange
rate depreciation, the level of nontraded output is fully stabilized, and full employment is maintained.
In contrast, under a peg, the real exchange rate does not depreciate, nontraded output declines, and
employment falls below its efficient level.
Intuitively, because nominal wages cannot fall to restore full employment, it is the nominal
exchange rate that adjusts under a float and brings about a decline of real wages. This, in turn,
decreases real marginal costs and therefore the relative price of nontraded goods. As a consequence,
the demand for labor and nontraded output are stabilized. In contrast, under a peg real wages and
therefore the relative price of nontraded goods cannot adjust. Nontraded output falls one-for-one
with the decrease of government spending.
We compare this outcome to what happens in response to a positive spending shock. Specifically,
we now assume:
gtN =


g

if t < 0

g < ḡ < 1

if t ≥ 0.

(31)

For this scenario, we obtain our second result.
Proposition 2. Regardless of the exchange rate regime, a positive government spending shock does
not alter the level of nontraded output and employment. It appreciates the real exchange rate.
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Intuitively, as we assume full employment to begin with, raising government spending cannot
induce a further increase of employment and output of nontraded goods. Instead, the real exchange
adjusts to absorb the shock. Private expenditure is completely crowded out. The exchange rate
regime is irrelevant for this adjustment, because nominal wages are perfectly flexible to adjust upwards. As they increase, they bring about the same extent of real appreciation under the peg and
the float.
Comparing Proposition 1 and Proposition 2, we see directly that under a peg the responses of
the real exchange rate and nontraded output to a government spending shock are asymmetric. The
exchange rate appreciates in response to a positive shock, but does not depreciate in response to
a negative shock. Output, instead, does not respond to a positive shock, but declines in response
to a negative shock. For the case of a float, the output response is zero and therefore symmetric.
With respect to the exchange rate response, we can formally establish an additional result.
Proposition 3. Under a float, the response of the real exchange rate to positive and negative
government spending shocks of the same size is perfectly symmetric.
Figure 2 illustrates our results graphically. Both panels focus on the market for nontraded
goods. In the left panel, we show the effect of a negative government spending shock; in the right
panel, the effect of a positive shock. The level of production of nontraded goods is measured along
the horizontal axis. The vertical axis measures the price of nontraded goods in terms of traded
goods. Recall that an increase in the price of nontraded goods corresponds to an appreciation (a
decline) of the real exchange rate. In both panels, the initial equilibrium is given by point A, the
intersection of the supply curve (28) and the downward-sloping demand curve (27). Note that the
effective supply of nontraded goods, which takes into account the capacity constraint, is kinked.
This feature of the model drives our results. Once the economy operates at full capacity, output of
nontraded goods cannot be raised any further. It may decline, though, and this, in turn, depends
on how the price of nontraded goods (or, equivalently, the real exchange rate) responds to the
shock.
Consider a negative government spending shock (left panel). For a given price of nontraded
goods, the demand for nontraded goods declines: this is visualized by the shift from curve D
(solid line) to D0 (dashed line). Under a peg with downward nominal wage rigidity, the real wage
cannot fall. As a consequence, the supply curve S stays put and the relative price cannot fall.
The new equilibrium, indicated by “peg”, is characterized by a lower level of nontraded output
and the presence of involuntary unemployment. In contrast, under a float, the nominal exchange
rate depreciates. This reduces the real wage and shifts the supply curve S (solid) downward to
S 0 (dashed). The extent of depreciation is determined by the need to maintain full employment.
Hence, the level of output in the nontraded-goods sector remains unaffected by the shock.
Note that the simplified model features degenerate dynamics: in response to a surprise permanent change in government spending, the economy immediately jumps to the new equilibrium and
stays there. In case of a peg, the new equilibrium after a negative spending shock is characterized
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Figure 2: The effect of permanent government spending shocks starting from full employment. The
horizontal axis measures the level of production of nontraded output. The vertical axis measures
the price of nontraded goods (the inverse of the real exchange rate). The downward-sloping curves
represent the demand for nontraded goods prior to the shock (D) and after the shock (D0 ). The
kinked lines represent the effective supply of nontraded goods prior to the shock (S) and after the
shock (S 0 ).

by permanently lower production and the presence of involuntary unemployment, with no tendency
to return to full employment. The economy never recovers in this version of the model, because
wages are downwardly perfectly rigid (γ = 1). Under a peg, this implies that the price of nontraded goods (or, equivalently, the real exchange rate) cannot adjust over time. In case of a float,
the new equilibrium after a permanent negative shock is characterized by full employment and a
permanently depreciated real exchange rate, driven by the depreciated nominal exchange rate.
Consider now the positive government spending shock, displayed in the right panel of Figure
2. It shifts the demand schedule to the right, starting again from the full-employment equilibrium
A. Since the economy already operates at full capacity, the additional demand is fully absorbed by
an increase in the price of nontraded goods. This happens independently of whether the exchange
rate is pegged or floating. In fact, given our assumptions regarding the exchange rate policy above,
the increase in the price of nontraded goods is purely due to an increase in nominal wages, both
under peg and float. For both exchange rate regimes, private consumption of nontraded goods is
completely crowded out. The new equilibrium features unchanged levels of production of nontraded
goods and employment, while the relative price of nontraded goods is higher (real appreciation).
Put differently, the fiscal multiplier on nontraded output and employment is zero.
Comparing the adjustment across the both panels of Figure 2 we stress that adjustment under
the float is symmetric, but asymmetric under the peg. We also compute impulse response functions
for the simple model in order to illustrate the adjustment dynamics. Figure B.1 in the appendix
shows the results.
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Last, we briefly refer to Figure 2 in order to highlight a specific feature of the model in the
adjustment to positive government spending shocks that are non-permanent. Consider once more
the right panel of the figure. In response to such a shock the economy first settles at point “peg”, just
like in the case of a permanent shock. Importantly, in this point nominal wages are higher than in
the initial equilibrium A. Now assume that after a while the demand curve shifts back to S because
the level of government spending is reduced to its initial level. In this case, because nominal wages
cannot fall, the supply curve cannot shift back under the peg and, hence, the economy settles at a
new equilibrium with permanent unemployment. Of course, if wages are permitted to decline over
time, that is, if γ < 1, the economy will gradually converge back to point A. Still, the economy will
undergo a recession once the initial fiscal stimulus is turned off. We discuss the case of temporary
shocks in more detail in Appendix B.7.

3.3

Symmetric effects under a peg in times of slack

The previous results on the asymmetric effects of government spending shocks under a peg hinge
on an important assumption: that the economy is at full employment when the shock takes place.
In what follows, we relax this assumption and obtain a new result for the case of an exchange rate
peg, namely that the effects of spending shocks are symmetric, provided there is sufficient slack
in the economy. For this purpose, in order to induce some slack, we first introduce an additional
surprise contractionary shock. Specifically, we assume that there is now a permanent drop in the
endowment of traded goods, ytT , in period 0. The path of ytT is perfectly known at time 0 and
assumed to follow the process
ytT =


1

if t < 0

y T < 1
0

if t ≥ 0 .

(32)

This allows us to establish the following intermediate result.
Lemma. A drop in the endowment reduces consumption demand for traded and nontraded goods.
If the exchange rate is pegged, the downward nominal wage constraint binds and both the production
of nontraded goods and employment decline. The economy operates below potential.
Intuitively, in response to the negative income shock the household lowers demand for traded
and nontraded consumption. The drop in the traded goods endowment therefore spills over into
the market for nontraded goods. To maintain full employment, the reduced demand for nontraded
goods would require the relative price of nontraded goods to fall. As this is not possible under
the peg if γ = 1, the endowment shock induces a drop in nontraded output and employment.
Eventually, we are interested in how a government spending shock plays out in such situation (as
opposed to full employment). The next proposition establishes our result formally.
Proposition 4. Consider an exchange-rate peg. The response of the real exchange rate to positive
and negative government spending shocks of the same size is zero and therefore symmetric, provided
1. there is slack in the economy to begin with
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Figure 3: The effect of government spending shocks under a peg starting from slack. The horizontal
axis measures the level of production of nontraded output. The vertical axis measures the price of
nontraded goods (the inverse of the real exchange rate). The downward-sloping curves represent
the demand for nontraded goods prior to the shock (D) and after the shock (D0 ). The kinked line
represents the effective supply of nontraded goods.

2. and the increase in government consumption is insufficient to restore full employment.
Under these conditions, the output multiplier of government spending is also fully symmetric and
equal to 1.
Figure 3 illustrates this result graphically. As before, the left panel shows the case of a government spending cut, while the right panel shows a spending increase. In contrast to Figure 2, there
is now unemployment in the initial equilibrium represented by point A. As before, a reduction of
government spending that shifts the demand curve from D to D0 does not alter the relative price
of nontraded goods under a peg. However, since the economy is operating below potential, an
increase of government spending now raises employment instead of pushing up nominal and real
wages (right panel). Either way, the economy moves horizontally along the supply curve in response
to changes in government spending, provided they are moderate in the sense of not causing the capacity constraint to bind. Put differently, the effects of government spending shocks are symmetric
in times of slack.5 Since the price of nontraded goods remains unchanged, private consumption
does not change in response to the fiscal shock. The output multiplier is unity in times of slack.
A corollary of proposition 4 is that, while the effects of government spending may be symmetric
for small shocks in times of slack, the response will still be asymmetric for large enough shocks. If
government spending increases shift demand beyond the point where full employment is restored,
5

In the full model, the response to government spending shocks is not exactly symmetric under a peg even if there
is slack because the supply curve is nonlinear for α < 1.
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the additional adjustment will work via prices rather than quantities, that is, the exchange rate
will appreciate. In contrast, the adjustment to spending cuts will always be through output and
employment and not via prices. We also compute the impulse responses to government spending
shocks in times of slack and show the results in Figure B.2 in the appendix.

4

Quantitative analysis

We now solve the full model, as outlined in Section 2 above. Once we relax the simplifying assumptions made in Section 3, the model features richer adjustment dynamics. The downside is
that we are no longer able to solve the model in closed form. Instead, we resort to numerical simulations which allow us to assess to what extent the asymmetry established in the previous section
is quantitatively relevant.
We calibrate the model to capture key features of the Greek economy. This is for two reasons.
First, Greece is a small open economy that operates within the euro area. From the perspective
of the model this corresponds to an exchange-rate peg as far as the transmission of government
spending shocks is concerned. Second, while Schmitt-Grohé and Uribe (2016) calibrate their model
to Argentina, they also consider an alternative calibration to Greece. We largely follow their
calibration—except in those instances where we explicitly account for government spending (since
they do not).

4.1

Model calibration and solution

Table 1 summarizes the parameters of the model together with the values that we assign to them
in our numerical analysis. A period in the model corresponds to one quarter. In the model, we
abstract from both foreign inflation and long-run technology growth. Both factors mitigate the
effect of downward nominal wage rigidity. Following Schmitt-Grohé and Uribe (2016), we adjust
the value of γ for Greece provided in their paper by the average quarterly inflation rate in Germany
(0.3% per quarter) and the average growth rate of per capita GDP in the euro periphery (0.3%).
We set γ to 0.9982/(1.003 × 1.003) = 0.9922. This implies that nominal wages can fall at most
by 3.1 percent per year. We set the intra- and intertemporal elasticities of substitution between
traded and nontraded goods, ξ and σ, to 0.44 and 5, respectively, following again Schmitt-Grohé
and Uribe (2016) and Reinhart and Végh (1995). In line with the estimate of Uribe (1997), we
fix the labor share in the traded goods sector at α = 0.75. We set d¯ = 16.5418, i.e. for numerical
reasons we set the upper limit 1% below the natural debt limit. We normalize the endowment of
hours h̄ to unity. The subjective discount factor β is set to 0.9375, in line with Schmitt-Grohé and
Uribe (2016), to obtain a plausible foreign debt-to-GDP ratio.
We specify a VAR(1) process for the exogenous states [ytT , rt ]0 on the basis of the estimates
by Schmitt-Grohé and Uribe (2016) for Greece. The steady-state endowment of traded goods is
normalized to 1, while the mean quarterly interest rate is r = 0.011. We estimate a separate AR(1)
process for the exogenous state gtN , using Greek time-series data for the period 1995:Q1-2018:Q4.
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Table 1: Parameter values used in model simulation
Parameter

Value

Source/Target

Wage rigidity
Elasticity of substitution
Risk aversion, private consumption
Labor exponent production function
Debt limit
Endowment of hours worked
Steady state interest rate
Steady state traded goods endowment
Steady state government consumption
Discount factor
Weight on traded goods in CES

γ = 0.9922
ξ = 0.44
σ=5
α = 0.75
d¯ = 16.5418
h̄ = 1
r = 0.011
yT = 1
g N = 0.2548
β = 0.9375
ω = 0.37

SGU (2016)
SGU (2016)
Standard value
Uribe (1997)
99 % of natural debt limit
Normalization
Average interest rate
Normalization
Greek government spending share
SGU (2016)
traded goods share of 0.26

To remove the growth trend, we regress the logged value on a quadratic trend. The driving process
is assumed to be orthogonal to that governing [ytT , rt ]0 . Our empirical measure of government
spending gtN is real public consumption provided by Eurostat (“Final consumption expenditure of
general government”, P3_S13).
The resulting VAR process is given by


ln ytT
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0

ln gtN

iid









T
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.
Finally, we pin down two further parameters as we match two key moments of the data. The
average value of government spending, g N = 0.2548, is set to match the empirical share of government consumption in GDP, pN g N /(y T + pN y N ) = 0.2123. The weight of traded goods in aggregate
consumption is determined by ω. We set it to 0.37. This implies an average share of traded goods
in total output of 26 percent, in line with the calibration target by Schmitt-Grohé and Uribe (2016).
In order to solve the model, we largely follow Schmitt-Grohé and Uribe (2016). In case of a
float, φ = 1, the lagged real wage is not a state variable and the resulting program coincides with
the central planner’s solution. This simplifies the analysis considerably and we solve the model
numerically by value function iteration over a discretized state space. In case of a less than fully
flexible exchange rate regime, that is, if φ < 1, the lagged real wage is a state variable, as is
the external debt position. To solve the model in this case, we resort to Euler equation iteration.
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Appendix C.1 provides details on the discretization of the state space while Appendix C.2 reports
the unconditional moments of the model.

4.2

Model impulse responses

Figure 4 displays the model impulse responses to a government spending shock. Here we show
generalized impulse response functions (GIRFs) in order to account for nonlinear adjustment dynamics in the model: for a given initial point in the state space, we compare how variables evolve
over time in response to a shock relative to what happens in a baseline scenario where the shock
does not occur. We then average over one million replications to integrate out the effect of future
shocks. We consider both positive and negative shocks equal to ±2.2 percentage points of steady
state nontraded output. This corresponds to a one-standard-deviation shock. In the figure, the
solid lines represent the dynamics due to a spending increase, while the dashed lines correspond to
a spending cut. We report the responses for the first 8 quarters after a shock.
In the left column, we show results assuming flexible exchange rates. Recall that in this case
the exchange rate is used to stabilize output at the full-employment level. In the middle column,
we show results for an economy that features an exchange-rate peg and initially operates at full
capacity. In the right-most column, instead, we consider an exchange rate peg with economic slack,
captured by simulations with an average unemployment rate of 14%.6 We also compute impulse
responses for an intermediate exchange rate regime and find, perhaps unsurprisingly, that they are
in between those obtained for the peg and the pure float (see Figure C.5 in the appendix).
The panels in the top row of Figure 4 show the dynamics of government spending. Since
government spending is determined exogenously, the dynamics are the same across all columns.
The second and third row show the adjustment of nontraded output, y N , and the real exchange
rate, RER, respectively.7 Notice that, as before, a decline of RER represents a real appreciation.
Overall, we find that the qualitative results established in Section 3 above turn out to be
quantitatively important. A number of points are particularly noteworthy. First, as established
in Proposition 1, a cut of government spending (dashed lines) depreciates the real exchange rate
under a float (left column), and nontraded output is fully stabilized. In contrast, under a peg
(middle and right column), the real exchange rate response is much weaker. Now, and in contrast
to Section 3, because we no longer restrict wages to be completely downwardly rigid, the exchange
rate does adjust over time. However, its response is still very much muted compared to the float.
As a consequence, nontraded output declines strongly and persistently in response to the spending
6

Using different initial conditions for the scenarios allows us to capture the role of economic slack. In addition,
we also allow for small variations in the initial debt level in order to minimize nonlinear interaction effects of the
initial debt level and the government spending shock. We assume values in the range of 98-99% of the ergodic mean.
Under the peg with full employment we set d0 = 13.2276 and w−1 = 1.7637, for the float we set d0 = 14.1672. The
exogenous states are set to their steady-state values. For the peg with slack we draw from the ergodic distribution
by first simulating the model for a burn-in period of 300 quarters.
7
The exchange rate is measured in percent of the ergodic mean. Government spending and nontraded output
are measured in percent of nontraded output under full employment. The latter normalization is used for better
comparability. If we were to use the ergodic mean for nontraded output, the scaling of the IRFs would be affected
by the different unemployment rates in the ergodic distribution across exchange rate regimes.
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Figure 4: Generalized impulse responses to one-standard-deviation government spending shocks.
Solid line: spending increase, dashed line: spending cut. Left column: flexible exchange rate.
Middle: exchange rate peg and full employment, right: peg and economic slack. Top panels:
government spending, middle: nontraded output, bottom: real exchange rate. Horizontal axis
measures time in quarters, vertical axis measures effect of shock in percent of full employment
nontraded output ỹ N and of the ergodic mean of the RER, respectively.

cut.
Second, turning to positive spending shocks (solid lines), we obtain dynamics in line with
Proposition 2. On impact, the adjustment is independent of the exchange rate regime provided
there is full employment. Output does not fall, and the exchange rate depreciates for reasons
discussed in Section 3 above. However, as we simulate the full model, we now observe richer
adjustment dynamics. While initially unaffected, output declines somewhat over time under the
peg because the shock process is mean-reverting rather than permanent. As government spending
gradually returns to its pre-shock level, real wages and the real exchange rate are required to
decline in order to maintain full employment. This is what happens under the float (left column).
Yet it happens more slowly under the peg (middle panel) because of the downward nominal wage
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rigidity.8 Hence, we find that under a peg (with full employment) the impact multiplier of positive
government spending shocks on output is zero. It is negative in the short run.
Third, we find that the real exchange rate response is symmetric under a float, as established
in Proposition 3. It is asymmetric under a peg with full employment. Positive shocks appreciate
the real exchange rate, whereas negative spending shocks do induce some depreciation in the full
model, because wages are not fully downwardly rigid and the supply curve is upward sloping. Yet,
the exchange rate response to spending cuts is one order of magnitude weaker than that to spending
increases. Just like for the response of the real exchange rate, the asymmetry is quite strong for
nontraded output, too.
Fourth, we find that the adjustment under a peg is symmetric if there is slack, consistent with
Proposition 4 above. This holds both for the exchange rate and for output. In contrast to what we
established for the simplified model, we now observe that the real exchange rate actually moves,
because the supply curve is not perfectly horizontal (α < 1) and nominal wages are allowed to fall
somewhat (γ < 1). But the exchange rate response is considerably weaker compared to the case of
full employment.

5

Empirical evidence

In this section, we provide new evidence on how government spending impacts the real exchange
rate. A number of earlier studies have explored the issue and reported different, partly conflicting
results regarding the sign of the response (e.g. Corsetti et al., 2012a; Ilzetzki et al., 2013; Kim and
Roubini, 2008; Monacelli and Perotti, 2010; Ravn et al., 2012). In what follows we take a fresh
look: informed by the model-based analysis above, we ask whether spending increases and cuts
impact the real exchange rate symmetrically or not.
Our analysis builds on Born et al. (2019), both in terms of data and in terms of identification.
Our sample covers observations for 38 emerging and advanced economies. We consider two identification schemes going back to Blanchard and Perotti (2002) and Ramey (2011b), respectively (see
also Ramey and Zubairy (2018) for a recent discussion). In both instances, the idea is to measure
the surprise component of government spending, in the first case on the basis of an estimated vector
autoregressive (VAR) model, in the second case on the basis of professional forecasts. In terms of
identification, we assume that both fiscal surprise measures do not reflect an endogenous response
of fiscal policy to other innovations in the economy. As a result, we may interpret them as shocks.
We establish their effect on government spending, output, and the real exchange rate by means of
local projections à la Jordà (2005).

5.1

Empirical specification

We briefly outline our empirical specification. It establishes the effect of government spending on
the exchange rate on the basis of fiscal shocks, εgi,t , computed in a first step. Here, indices i and t
8

See also Figure B.3 in the appendix.
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refer to country i and period t, respectively. We provide more details below.
In a second step, we estimate local projections, which are particularly suited to account for
potentially asymmetric effects of positive and negative shocks. Specifically, we sort fiscal shocks
g
g
according to their sign and define εg+
i,t = εi,t if εi,t ≥ 0 and 0 otherwise, and analogously for negative

shocks, εg−
i,t (see Kilian and Vigfusson, 2011, for this approach). Letting xi,t+h denote the variable
of interest in period t + h, we estimate how it responds to fiscal shocks in period t on the basis of
the following specification:
− g−
xi,t+h = αi,h + ηt,h + ψh+ εg+
i,t + ψh εi,t + γZi,t + ui,t+h .

(33)

Here, the coefficients ψh+ and ψh− provide a direct estimate of the impulse response at horizon h
to a positive and negative shock, respectively. Zi,t is a vector of control variables. The error term
ui,t+h is assumed to have zero mean and strictly positive variance. αi,h and ηt,h denote country and
time fixed effects. We compute standard errors that are robust with respect to heteroskedasticity
as well as serial and cross-sectional correlation (Driscoll and Kraay, 1998).

5.2

Identification

Our identification strategy is explained in Born et al. (2019) in some detail. Here we summarize the
essential aspects. Importantly, we pursue two alternative strategies to construct fiscal innovations.
One strategy has been introduced by Ramey (2011b). The idea is simply to purge actual government
spending growth of what professional forecasters project spending growth to be. Formally, we have
εgi,t = ∆gi,t − Et−1 ∆gi,t ,
where ∆gi,t is the realization of government consumption growth and Et−1 ∆gi,t is the previous
period’s forecast.
The second strategy employs a panel VAR model to compute spending surprises. Let Xi,t denote
a vector of endogenous variables, which includes government spending and output. We estimate
the following model:
Xi,t = αi + ηt + A(L)Xi,t−1 + νi,t ,
where A(L) is a lag polynomial and νi,t is a vector of reduced-form disturbances with covariance
0 ) = Ω. In our analysis below we allow for four lags since the model is estimated
matrix E(νi,t νi,t

on quarterly data. Assuming i) a lower Cholesky factorization L of Ω, and ii) that government
consumption growth is ordered on top in the vector Xi,t , the structural shock εgi,t equals the (scaled)
first element of the reduced-form disturbance vector νi,t , i.e. εgi,t = L−1 νi,t .9
Our identifying assumption, dating back to Blanchard and Perotti (2002), is that the forecast
error of government spending growth is not caused by contemporaneous innovations, so that it
The estimated shocks ε̂gi,t in this specification are generated regressors in the second stage. However, as shown
in Pagan (1984), the standard errors on the generated regressors are asymptotically valid under the null hypothesis
that the coefficient is zero; see also Coibion and Gorodnichenko (2015), footnote 18, on this point.
9
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represents a genuine fiscal shock. We make the same assumption with regard to both measures of
fiscal surprises, those obtained in the VAR setting and those obtained on the basis of professional
forecasts. It is also implicit in Ramey (2011b), as she considers a measure of fiscal shocks based on
professional forecasts. For identification to go through, her (implicit) assumption is that surprise
innovations do not represent an endogenous response to other shocks. As discussed by Blanchard
and Perotti (2002), the rationale for this assumption is that government spending can be adjusted
only subject to decision lags. Also, there is no automatic response, since government consumption
does not include transfers or other cyclical items.

5.3

Data

Our data set covers 38 countries and contains quarterly observations starting in the early 1990s and
ending in 2018. See Table D.2 in the appendix for specific information on the country coverage and
Born et al. (2019) for more details on the data set. Our measure of the real exchange rate is the
broad real effective exchange rate index compiled by the BIS, complemented by data for Ecuador,
El Salvador, and Uruguay based on the data for 38 trading partners compiled by Darvas (2012).
Our quarterly measure is the logarithm of the average of the monthly index values. An increase in
the index indicates a depreciation of the economy’s currency against a broad basket of currencies.
We proxy nontraded output by real GDP. Our measures of real GDP and government consumption
are based on national accounts data. The vector of controls in the local projection (33) features
four lags of log real government consumption, log real output, log real effective exchange rate, and
the sovereign default premium to control for fiscal stress. The sovereign default premium measures
the spread between foreign currency debt and the risk-free rate and is the end-of-quarter value. We
allow for country-specific linear time trends in output and government spending. When conditioning
on inflation and labor market slack, we use year-on-year GDP deflator inflation and unemployment
as a percentage of the active population from the EU-LFS main indicators, respectively.
Professional forecasts are due to Oxford Economics and available for a subset of countries only.
Instead, we are able to compute the VAR-based forecast error for all 38 countries. Table 2 provides
a number of basic summary statistics regarding the forecast errors. Over the full sample, the
average forecast errors are close to zero, by construction in the case of the VAR-based measure. On
an individual country basis, Oxford Economics produces forecasts with a relatively low root mean
squared error (RMSE). The VAR forecasts exhibit a somewhat larger RMSE, but note that in this
case the sample is more challenging.
In the last row of Table 2, we report a measure of the predictive power of the shocks for actual
government spending growth in the form of an F-statistic along the lines of the tests conducted in
Ramey (2011b) and Ramey and Zubairy (2018).10 We find that the shock measure based on the
10
Technically, given our panel structure with potentially non i.i.d. errors, we follow the suggestion in Baum et
al. (2007) and check the predictive power of our identified shocks using the Kleibergen and Paap (2006) rk Wald
F -statistic. It is computed in a “first-stage” panel fixed effects regression of the government consumption growth
variable on the respective shock measure. Computing “naive” F -statistics in our pooled sample yields very similar
values.
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Table 2: Forecast errors of government consumption growth: descriptive statistics
Prof. Forecasts

VAR

23
1696
-0.016
0.616
4.9

38
2944
0.000
1.954
849.2

Countries
Observations
Mean
RM SE
Wald F -statistic

Notes: Forecast errors measured in percentage points. Kleibergen and Paap (2006) rk-Wald F statistic computed using Stata’s xtivreg2 in a first-stage regression of government consumption
growth on the respective forecast error. Robust covariance estimator clustered at country and
quarter level. Professional forecasts are based on Oxford Economics.

forecasts of Oxford Economics do not pass the rule-of-thumb threshold of 10 proposed by Staiger
and Stock (1997), while the VAR-based measure does with flying colors.11

5.4

Results

We now report our results for both shock measures. Consider Figure 5 first. It shows the results
based on the VAR forecast error. The left column displays the impulse responses to a negative
government spending shock, the right column displays the responses to a positive shock. Throughout, solid lines represent the point estimate, while the dark (and light) shaded areas indicate 68
(and 90) percent confidence intervals. We measure the time after impact along the horizontal axis
in quarters and the effect of the shock along the vertical axis in percentage deviation from the
pre-shock level. The response of government spending, shown in the top row, is fairly persistent in
both cases, albeit more so in case of a hike (right column). We show the response of output in the
middle row and observe that it is fairly symmetric. Not only is the initial response comparable in
absolute value, the ensuing adjustment pattern is also quite similar. The strongest output effect
obtains between 1 and 1.5 years after impact. Afterwards, output starts to converge back to its
pre-shock level. From a quantitative point of view, the output response suggests a multiplier effect
which is in line with earlier studies as surveyed, for instance, by Ramey (2011a). Assuming that
government consumption accounts for about 15 percent of GDP on average, our finding that a
change in government spending by one percent changes output by about 0.1 percent on impact,
and by about 0.2 after approximately 1 to 2 years, implies a multiplier effect of about 0.67 and
1.33, respectively.12
11

The Montiel Olea and Pflueger (2013)-threshold for the 5 percent critical value for testing the null hypothesis
that the 2SLS bias exceeds 10 percent of the OLS bias in our context is 23.1. The results for the measure based
on professional forecasts are more favorable once we assess its predictive power for government spending as reported
by Oxford Economics in real time, which is the relevant measure for the financial markets’ assessment of current
conditions, see Born et al. (2019). In the present paper, we focus on actual government spending as reported in the
NIPA, in line with the model analysis performed above.
12
Note that this ex-post conversion is meant as a rule-of-thumb conversion. See Ramey and Zubairy (2018) on the
intricacies of computing output multipliers.
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Figure 5: Adjustment to government spending shock. Identification based on VAR forecast error.
Solid lines represent point estimates, light (dark) shaded areas represent 90 (68) percent confidence
intervals. Horizontal axis measures time in quarters. Vertical axis measures deviation from preshock level in percent.

Last, we turn to the response of the real exchange rate, shown in the bottom row of Figure 5.
We find that a cut of government spending depreciates the real exchange rate—i.e. the price of
foreign consumption in terms of domestic consumption goes up. In contrast, a spending increase
appreciates it—i.e. the price of foreign consumption declines. The adjustment pattern is not fully
symmetric. In particular, the exchange rate responds more strongly in the short run if spending is
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Figure 6: Adjustment to government spending shock. Identification based on forecast error of
professional forecasters. Solid lines represent point estimates, light (dark) shaded areas represent
90 (68) percent confidence intervals. Horizontal axis measures time in quarters. Vertical axis
measures deviation from pre-shock level in percent.

cut and more strongly in the medium run if government spending is raised. By and large, however,
we fail to detect a strong asymmetry in the exchange rate response, and even less so for output.
This result conforms well with the predictions of the model to the extent that there are many
countries in our sample operating a flexible exchange rate regime—see Section 3 above.
Our result is also robust across shock measures. This becomes clear as we turn to Figure 6,
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which shows results for fiscal shocks computed on the basis of forecast errors of professional (rather
than VAR) forecasts. Note that in this case our sample is quite a bit smaller because we lack
professional forecasts for a number of countries—see again Table D.2. And yet, even though the
sample differs considerably, we find that the results shown in Figure 6 are comparable to those
shown in Figure 5 above.
We again report the response of actual government spending in the top row, both to negative
spending shocks (left column) and to positive spending shocks (right column). A noteworthy
difference vis-à-vis the results shown in Figure 5 is that the response of government spending
is quite a bit weaker—in general and on impact in particular. This reflects the fact that here we
compute forecast errors on the basis of real-time forecasts and hence their effect on actually realized
government spending is limited. This is also reflected in the F-statistic reported in the last row of
Table 2 above.
And yet, the responses of output and the real exchange rate shown in Figure 6 are fairly similar
to those shown in Figure 5 above. In particular, in Figure 6 we again observe a fairly symmetric
output response and a pattern of the exchange rate adjustment that resembles the one shown in
Figure 5 rather closely. We note, however, that the depreciation of the exchange rate in response to
the spending cut is no longer significant—as our model-based analysis predicts for countries with
a fixed exchange rate regime.
The central prediction of the model put forward in Section 3 above is that whether or not
government spending shocks impact the real exchange rate asymmetrically depends on the exchange
rate regime. There should be no asymmetric effects in case the exchange rate floats freely, but
significant asymmetries under an exchange-rate peg. To explore this aspect further, we focus on
the countries in the euro area.13 Here the nominal exchange rate is permanently fixed and may not
bring about the necessary adjustment of the real exchange rate in response to government spending
shocks. Note that we rely only on the VAR-based forecast errors as we turn to the countries in the
euro area because for this subsample we find that the forecast errors based on professional forecasts
hardly impact actual government spending at all (the Wald F -statistic is 0.528 in this case). As a
result, we are unable to obtain reliable estimates for this subsample once we use the shock measure
computed on the basis of professional forecasts. The VAR-based shocks remain strong predictors
of actual government spending (the Wald F -statistic is 376.14 in this case).
We report the results for the panel composed of the individual countries of the euro area in
Figure 7. The figure is organized just like Figures 5 and 6 above. The fiscal shocks are computed
on the basis of an estimated VAR model, as in Figure 5. The only difference is the underlying
sample, since Figure 7 shows the results for euro area countries only. This has a strong bearing on
the results.
The response of government spending (shown again in the top row) is fairly symmetric for
spending cuts and spending hikes as before. However, we now find the model predictions fully
13

Here we restrict our sample to observations for euro area countries after their exchange rates vis-à-vis the euro
have been “irrevocably” fixed—see Table D.2 for the detailed sample coverage.
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Figure 7: Adjustment to government spending shock in individual countries of the euro area.
Identification based on VAR forecast error. Solid lines represent point estimates, light (dark)
shaded areas represent 90 (68) percent confidence intervals. Horizontal axis measures time in
quarters. Vertical axis measures deviation from pre-shock level in percent.

borne out by the evidence: output drops in response to a spending cut, but is virtually unchanged
if government spending is raised. Instead, the exchange rate does not respond to a spending cut, but
appreciates in response to a spending increase. We stress once more that the asymmetry obtains
only once we restrict our sample to countries that operate under fixed exchange rate—just like the
model in Section 3 above predicts.
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Figure 8: Adjustment to government spending shock in individual countries of the euro area when
inflation is above 3 percent (dashed lines) and in the baseline euro-area sample (solid lines). Solid
and dashed lines represent point estimates, shaded areas represent 90 percent confidence intervals.
Horizontal axis measures time in quarters. Vertical axis measures deviation from pre-shock level in
percent.

In the model, the asymmetric response to government spending shocks under a peg is caused by
downward nominal wage rigidity. It prevents real wages to decline in response to a spending cut,
but does not prevent them from rising in response to spending increase. Yet, if inflation is high
to begin with, downward nominal wage rigidity should have less of a bearing on the adjustment
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because in this case wages are adjusting in real terms, even if they are nominally rigid. To assess
this implication of the model empirically, we estimate our empirical specification once more on the
individual countries of the euro area but focus on high-inflation periods. Specifically, we specify
a threshold for year-on-year inflation of 3 percent. In our sample, 25 percent of the observations
qualify as high-inflation episodes on the basis of this definition.14 We repeat our second-stage
estimation on the high-inflation observations.
Figure 8 shows the results. The organization of the figure mimics again those of the figures
above. However, we now show distinct impulse responses for high-inflation episodes (dashed lines)
and contrast them with the baseline case for the euro area (solid lines). Here shaded areas indicate
90 percent confidence intervals. Overall we find that the adjustment dynamics are quite similar.
However, there are also some differences and they align well with theory. In particular, we find that,
in response to a spending cut, the exchange rate tends to depreciate when inflation is high. Put
differently, the response of the exchange rate to government spending shocks is again symmetric
provided that inflation is high—even if countries operate under a fixed exchange rate regime.
Moreover, as the exchange rate depreciates in response to a spending cut, output tends to decline
less during high-inflation periods compared to the baseline. Whether inflation is high or not, instead,
turns out to be largely inconsequential for the adjustment to spending hikes. Once more, these
findings lend support to the model predictions derived in Section 3 above. For the model predicts
that, in response to a positive spending shock, downward nominal wage rigidity is inconsequential.
It is only in response to a spending cut that it matters—provided that inflation is sufficiently low.
In a last experiment, we condition the effects of government spending shocks on the extent of
economic slack. In earlier empirical work Auerbach and Gorodnichenko (2012, 2013) find that the
effects of fiscal policy are stronger in a recession than they are in a boom. Ramey and Zubairy
(2018) instead find that multipliers generally do not depend on the extent of slack in the economy.
Our model with DNWR provides a refinement for fixed exchange rate regimes. It predicts that
economic slack alters the effects of government spending shocks, but only those of positive shocks.
Raising government spending in times of slack should impact output rather than the exchange rate,
as opposed to when the economy is operating at full capacity. Put differently, the model predicts
that, in times of slack, government spending shocks impact the economy symmetrically, even if
there is an exchange rate peg.
We now take up this issue empirically and estimate the model for episodes of economic slack,
again only within the euro-area sample. For this purpose we include only observations in our sample
for which unemployment is above a country’s median unemployment value, as in Barro and Redlick
(2011). Figure 9 shows the results. Consider first the left column: as predicted by the model, slack
(red line) does not alter the response to a spending cut relative to the baseline (blue line). Output
contracts and the real exchange rate does not adjust. However, slack does alter the response to
a spending hike. Just like the model predicts, output rises in response to a spending increase in
times of slack, while the exchange rate response is muted and basically insignificant.
14

This threshold is high enough for Germany to never experience a high-inflation episode.
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Figure 9: Adjustment to government spending shock in individual countries of the euro area in
times of slack (dashed lines) and in the baseline euro-area sample (solid lines). Solid and dashed
lines represent point estimates, shaded areas represent 90 percent confidence intervals. Horizontal
axis measures time in quarters. Vertical axis measures deviation from pre-shock level in percent.

In sum, we find that the empirical evidence on the effects of government spending shocks aligns
well with the predictions of the model. This holds for our main result, namely that economies with
fixed exchange rates respond asymmetrically to positive and negative shocks. But it also holds for
the predictions regarding the specific role of DNWR and economic slack.
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6

Conclusion

We show that the adjustment to government spending shocks is asymmetric under fixed exchange
rates. Assuming full employment, an increase of government spending appreciates the real exchange
rate and does not impact output and employment. A reduction of government spending, instead,
lowers output and employment and does not impact the exchange rate very much. We derive these
results in a stylized model of a small open economy which features downwardly rigid nominal wages
as in Schmitt-Grohé and Uribe (2016). We establish new evidence based on a large panel data set
and show that the predictions of the model are borne out in the data along several dimensions: the
exchange rate regime, the state of the business cycle, and the level of inflation.
Our result has the potential to reconcile Keynesian and classical views on the role of fiscal stabilization policy in open economies. The Keynesian view holds that fiscal policy impacts economic
activity strongly if the nominal exchange rate is fixed. According to the classical view, fiscal policy
impacts mostly prices. In light of our analysis, both views appear to be (somewhat) correct—it
is just a matter of the sign of the fiscal impulse. In a sense, this is bad news because raising
government spending is likely to only appreciate the exchange rate, while austerity is likely to be
particularly detrimental to economic activity.
Yet, our analysis also provides a rigorous argument for a strongly countercyclical conduct of
fiscal policy under fixed exchange rates. After all, our results suggest that cutting government
spending during booms is highly effective in reducing inflationary pressures, while raising spending
in deep recessions boosts output and employment considerably. However, in conclusion, we also
note that our analysis is purely positive and any policy conclusion is therefore tentative. We leave
a rigorous analysis of optimal fiscal policy in this framework for future work.
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Appendix
A

Full set of equilibrium conditions (baseline model)

Definition 1. An equilibrium is defined as a set of stochastic processes {cTt , ht , dt+1 , wt , λt , µt , }∞
t=0
satisfying
cTt = ytT − dt +


λt = ω

ω(cTt )

dt+1
1 + rt

ξ−1
ξ

(A.1)

+ (1 −

ω)(hαt

−

gtN )

ξ−1
ξ

λt
= βEt λt+1 + µt
1 + rt
¯
µt ≥ 0 ∧ dt+1 ≤ d¯ with 0 = µt (dt+1 − d)
wt
1−ω
cTt
=
ω
hαt − gtN
αhtα−1
wt−1
wt ≥ γ
t




ξ
( 1 −σ)
ξ−1 ξ

1

(cTt )− σ

(A.2)
(A.3)
(A.4)

 1ξ

(A.5)
(A.6)

ht ≤ h̄

(A.7)


0 = (h̄ − ht ) wt − γ

wt−1
,
t


(A.8)

as well as a suitable transversality condition, given initial conditions {w−1 , d0 }, exogenous stochastic
∞
processes {ytT , rt , gtN }∞
t=0 , and an exchange rate policy {t }t=0 .
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B

Analytical model

B.1

Full set of equilibrium conditions (simplified model)

Given the preferences and the functional forms assumed in Section 3, we obtain the following
equilibrium conditions:
cTt = 1 − dt +

dt+1
1+r

(B.1)

N
ytN = ht = cN
t + gt
1
1
= T
T
ct
ct+1

pN
t =

(B.2)
(B.3)

cTt
ht − gtN

(B.4)

pN
t = wt
1
RERt = N
pt


wt−1
wt−1
wt ≥
∧ ht ≤ 1 with 0 = (1 − ht ) wt −
t
t
T
ct
wtf =
1 − gtN
(

t = max

wt−1

(B.5)
(B.6)
(B.7)
(B.8)

)φ

,1
wtf

j
1
0 = lim
dt+j .
j→∞ 1 + r

(B.9)
(B.10)

Consequently, the initial steady state is given by d−1 = 0, cT−1 = y T = 1, cN
−1 = 1 − g, where g
denotes the steady state value of government consumption, pN
−1 = w−1 =

B.2

1
1−g ,

and RER−1 = 1 − g.

Proof Proposition 1

The Euler equation (B.3) implies that traded consumption is constant at its new value, i.e.,
cTt = cTt+1 for all t ≥ 0. The resource constraint (B.1) then implies

dt+1
1+r

− dt =

dt+2
1+r

− dt+1

for all t ≥ 0. Thus, if there is any increase in debt in one period, debt will keep increasing. This
is a reflection of the well-known random walk property of consumption in this type of setup. Any
increase in additional traded consumption financed by debt persists in future periods and, given
a constant endowment y T , needs to be financed by further additional debt issuance. Because this
continuing debt accumulation would violate the transversality condition (B.10), debt needs to be
constant at its initial value of 0, i.e., dt = 0 and cTt = y T = 1 for all t ≥ 0.15 In period 0, the
N
nontraded goods resource constraint (B.2) implies cN
0 = y0 − g, while equations (B.4) and (B.5)
15
A different way to see this is to notice that this equation is a homogenous second-order difference equation with
roots (1 + r) and 1. Given d0 and the transversality condition, the unstable root can be ruled out.
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1
h0 −g .

imply that the real wage is given by w0 =

Thus, we need to solve for nontraded output y0N

and hours worked h0 , which both depend on the exchange rate arrangement.
Peg (φ = 0): Conjecture that the economy is in a situation of unemployment with h0 < 1.
In this case, the wage constraint (B.7) must be binding: w0 =

w−1
0 .

Under the peg, the gross

nominal exchange rate devaluation is given by 0 = 1. Consequently, the real wage is given by
w0 =

1
h0 −g

=

1
1−g

= w−1 , which implies 1 − g = h0 − g < 1 − g. This, in turn, requires g > g, which

is true by assumption (30). This proves that h0 < 1 indeed is the equilibrium employment level,
which is associated with the output level y0N = h0 =

1
w−1

+ g = 1 − (g − g).

Float (φ = 1): Again conjecture that the economy is in a situation of unemployment
with


1−g
h0 < 1. The gross nominal exchange rate devaluation follows from (B.9) as 0 = max 1−g , 1 =
1−g
1−g .

This implies h0 − g = 1 − g. The assumption that h0 < 1 therefore leads to a contradiction:

1 − g = h0 − g < 1 − g. Consequently, it must be that y0N = h0 = 1 and the economy is at its
full-employment equilibrium.
From (B.4) then follows that pN
0,peg =

1
h0 −g

=

1
1−g

>

1
1−g

= pN
0,f loat . Hence, a negative govern-

ment spending shock causes a fall in pN and a corresponding increase in RER—i.e., real exchange


rate depreciation— under a float, but not under a peg.

B.3

Proof Proposition 2

Conjecture that the shock does not cause unemployment, that is, h0 = 1. Then it must be that
the wage constraint is not binding, so that
w0 =

1
1
w−1
>
=
.
1 − ḡ
(1 − g)0
0

(B.11)

Peg (φ = 0): With a gross nominal exchange rate devaluation rate equal to 0 = 1, equation
(B.11) implies that 1 − g > 1 − ḡ. This is true by assumption (31).
Float (φ = 1): Equations (B.8) and (B.9) imply a gross nominal exchange rate devaluation
rate of 0 = max

n

oφ
1−ḡ
1−g , 1

= 1. The same logic as in the peg case then requires that h0 = 1.

Thus, full employment h0 = 1 is the equilibrium, regardless of the exchange rate regime. From
(B.4) then follows that the price of nontraded goods increases and therefore the real exchange rate
N
appreciates by the same amount: pN
0,peg = p0,f loat =
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1
1−ḡ

>

1
1−g

= pN
−1 .



B.4

Proof Proposition 3

For a negative and a positive shock of the same magnitude, we have ḡ − g = g − g. From equation
(B.6) and propositions 1 and 2 then follows that in response to a negative shock
∆RER− =

1
pN
0,f loat

−

1
pN
−1

= (1 − g) − (1 − g) = g − g = (ḡ − g) ,

(B.12)

while for a positive shock
∆RER+ = (1 − ḡ) − (1 − g) = −(ḡ − g).

(B.13)


B.5

Proof Lemma 3.3

The resource constraint in (B.1) becomes
cTt = ytT − dt +

dt+1
.
1+r

(B.14)

We can solve the nontraded goods block by backward induction. The Euler equation (B.3) implies
that traded consumption jumps to a new level and stays there, i.e., cTt = cTt+1 for all t ≥ 0. The
resource constraint (B.1) again implies

dt+1
1+r

− dt =

dt+2
1+r

− dt+1 for all t ≥ 1. Thus, if there is

any increase in the face value of debt after t = 1, debt will keep increasing and it will violate the
transversality condition (B.10). Therefore, debt needs to be constant at its value at the beginning
of period one, d1 . The Euler equation and the resource constraint then imply
cT0 = y0T +

d1
r
=1−
d1 = cT1 .
1+r
1+r

(B.15)

From this follows that the debt choice d1 is given by
d1 = 1 − y0T .

(B.16)

Thus, the household will smooth traded consumption by borrowing the shortfall from abroad and
permanently foregoing the annuity out of this debt in terms of consumption:
cT0 = 1 −

r
(1 − y0T ).
1+r

(B.17)

Given the drop in traded consumption, equation (B.4) shows that hours worked h0 must also
fall. The latter follows from the binding wage constraint, which pins down the relative price via
equation (B.5) as pN
0 = w0 = w−1 . As a consequence, the traded goods endowment shock causes
the economy to contract and unemployment to rise.
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B.6

Proof Proposition 4

First, consider the case of a government spending cut from g to g. Given that the relative price of
nontraded goods cannot fall under a peg with γ = 1, equation (B.5) implies an additional one-to-one
fall of hours worked and therefore nontraded output in order to keep the denominator constant. The
real exchange rate then stays constant as well. Now consider an increase in government spending
from g to ḡ. The response of the real exchange rate depends on the movement in the relative price
of nontraded goods, which is in turn a function of the relative demand. It will increase whenever
the increase in government demand for the nontraded good is sufficient to more than compensate
the reduction in private demand caused by the traded goods endowment shock. As long as this
is not the case, the economy remains in a situation of unemployment, the wage constraint keeps
binding, and the relative price is pinned down by pN
0 = w0 = w−1 . In this case, the real exchange
rate response is symmetric to the one observed under a negative shock, namely nil. Any increase
in government spending will increase hours worked and hence output one-for-one.
Equation (B.5) allows us to compute the minimum size of ḡ after the endowment shock that
restores full employment, which is equivalent to the maximum allowable level of ḡ for which the
exchange rate response is zero. Given
pN
0
it follows that 1 −

r
1+r



1−
cT
= 0 =
1 − ḡ


1 − y0T =

1−ḡ
1−g .

r
1+r



1 − y0T

1 − ḡ



=

1
= pN
−1 ,
1−g

(B.18)

The left-hand side here represents the gross rate of change

in traded consumption relative to the baseline level of 1. The right-hand side represents the gross
rate of change in the private consumption of nontraded goods. Whenever these rates are equal,
government consumption of nontraded goods exactly compensates the private demand shortfall
caused by the endowment shock. In this case, the relative price and therefore the real exchange
rate do not change. The above equation also makes clear that any increase of government spending
above ḡ will cause the relative price to increase above its initial level and the real exchange rate to


appreciate.

39

B.7

IRFs to permanent shocks
Spending Cut

Spending Increase
peg
float

Figure B.1: Impulse responses in the analytical model to a permanent surprise government spending
cut (left column) and permanent government spending hike (right column), starting from a fullemployment steady state.
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cut
increase

(a) Small spending shock

(b) Large spending shock

Figure B.2: Impulse responses in the analytical model to a permanent surprise government spending
cut (solid line) and permanent government spending hike (dashed line) of the same size, starting
from a situation of economic slack. The top panel depicts a small change in government spending
insufficient to restore full employment, resulting in a perfectly symmetric response of traded output
and no change of the real exchange rate. The bottom panel depicts a large change in spending that
is sufficient to restore full employment, resulting in an asymmetric response of both output and the
real exchange rate.
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B.8

IRFs to temporary shocks

A temporary surprise change in government spending can be conceptualized as a surprise permanent shock, followed by an anticipated offsetting permanent shock one period later. Because the
intertemporal problem is decoupled from the intratemporal one, anticipation of a future decrease
of government spending has no immediate effect per se. Figure B.3 shows the results. A temporary
cut in government spending causes a drop in output, followed by a return to full employment when
government spending recovers. In contrast, a temporary increase in government spending initially
has no effect on output as the real exchange rate appreciates and private activity is crowded out.
But once government spending returns to its old, lower level, the real exchange rate cannot adjust
and there is no crowding in. As a consequence, the economy enters a permanent state of depression.
This is a consequence of our assumption that wages can never fall. It also shows that increases in
government spending can be harmful, even if they do not immediately affect output. By increasing
the wage, they increase the likelihood that the wage constraint becomes binding in the future,
making the economy more prone to recessions when negative shocks hit.
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Spending Cut

Spending Increase
peg
float

Figure B.3: Impulse responses in the analytical model to a one-period surprise government spending
cut (left column) and one-period government spending hike (right column), starting from a fullemployment steady state.
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C
C.1

Quantitative model
State space discretization

We discretize the state space for the past real wage, w−1 using 800 equally-spaced points on a log
grid range [w
− , w̄]. We set w
− = 1 for the peg and w
− = 0.05 for the intermediate regime. The former
choice reflects the compression of real wage outcomes in simulations under the float. We set w̄ = 7.5
for both policy arrangements. To discretize the current debt state, dt , we use 501 equally spaced
points on the range [8, 16.5418]. To model the exogenous driving forces, we discretize the state space
√
t
using 7 equally spaced points for ln ytT and 5 equally spaced points for ln 1+r
10σ.
over
the
range
±
1+r
We obtain transition matrices on the basis of the simulation approach of Schmitt-Grohé and Uribe
(2014) with T = 5,000,000 and a burn-in of 10,000 periods. We trim state pairs ytT (i), rt (i) that
occur with probability zero during our simulations. This reduces the transition probability matrix
from size 35 × 35 to 33 × 33. For the gtN -process, we use the Tauchen and Hussey (1991) approach
to discretize it to 9 realizations. The full transition probability matrix of the exogenous state vector
[ytT , rt , gtN ]0 is finally obtained as the Kronecker product of the two transition matrices. We opt
for this two-stage approach for the following reason. While the simulation approach allows us to
handle correlated states easily, convergence of the transition probabilities is relatively slow. As a
result, transition matrices for symmetric and partially uncorrelated processes like ours tend to show
slight asymmetries and correlations. As we are interested in asymmetries introduced by the model’s
transmission process, such spurious asymmetries in the exogenous process would be problematic
when computing generalized IRFs. We circumvent this issue by relying on an analytical approach
for government spending.

C.2

Unconditional moments and debt distribution

Table C.1 displays unconditional first and second moments of some macro indicators of interest
obtained from a simulation of 1 million quarters. These statistics are in line with the predictions of
the model. In particular, mean unemployment is shown to decrease from 14% to nil when moving
from a peg to a fully stabilizing float. Analogously, mean (nontraded) consumption and nontraded
output increase with the degree of exchange rate flexibility, whereas their respective volatilities are
lower. Moreover, the real wage under a peg displays a higher mean but lower standard deviation
when compared to the other two regimes, a reflection of the fact that the wage constraint tends to
be binding more often. The average external debt-to-GDP ratio increases from 90% per year in the
peg economy to 116% and 122% per year under the intermediate regime and the float, respectively.
As shown in figure C.4, this is due to the distribution of external debt being more dispersed under
the peg, which requires a higher level of precautionary savings.
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Table C.1: First and second moments of indicators of interest in the three policy arrangements

h̄ − ht
ct
cN
t
ytN
ytT − cTt
wt
ytT
rtann
dt
N
dt /4(ytT + pN
t ct )
G/Y

M ean(peg)

Std(peg)

M ean(int)

Std(int)

M ean(f loat)

Std(f loat)

0.141
0.697
0.635
0.890
0.153
2.606
1.002
0.045
13.509
0.902
0.213

0.115
0.142
0.139
0.103
0.099
0.249
0.067
0.055
0.076
0.263
0.047

0.032
0.753
0.721
0.976
0.161
1.946
1.002
0.044
14.386
1.165
0.180

0.040
0.100
0.079
0.031
0.117
0.448
0.067
0.055
0.050
0.485
0.051

0.000
0.767
0.745
1.000
0.162
1.822
1.002
0.045
14.463
1.217
0.174

0.000
0.092
0.070
0.000
0.119
0.486
0.067
0.055
0.046
0.524
0.052

Notes: Statistics are based on a simulation length of 1 million periods and a burn-in of 1000 periods.
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Figure C.4: Distribution of external debt in the three policy arrangements. Statistics are based on
a simulation length of 1 million periods and a burn-in of 1000 periods.
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C.3

GIRFs: Intermediate case
Intermediate (φ = 0.33)

Peg (φ = 0)

quarter

quarter

gov. spending increase
gov. spending cut

RER (% of erg. mean)

y N (% of ỹ N )

g N (% of ỹ N )

Float (φ = 1)

quarter

Figure C.5: Generalized impulse responses to positive and negative government spending shocks of
2.2 percentage points of nontraded output. GIRFs start from a situation of moderate debt and full
employment at the boundary to the unemployment region (see main text for details). Solid blue
line: positive shock; dashed red line: negative shock. Top panels: government spending, middle:
nontraded output, bottom: real exchange rate. Horizontal axis measures time in quarters, vertical
axis measures effect of shock in percent of full employment nontraded output ỹ N and of the ergodic
mean of the RER, respectively.
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D

Empirical evidence: Sample
Table D.2: Sample ranges
VAR
Country
Argentina
Australia
Austria
Belgium
Brazil
Bulgaria
Chile
Colombia
Croatia
Czech Republic
Denmark
Ecuador
El Salvador
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Lithuania
Malaysia
Mexico
Netherlands
Peru
Poland
Portugal
Slovakia
Slovenia
South Africa
Spain
Sweden
Thailand
Turkey
United Kingdom
United States
Uruguay
Total

Oxford Economics

EMU

Range

T

Range

T

Range

T

1994Q4-18Q4
2004Q1-10Q3
1994Q4-18Q4
1992Q4-18Q4
1997Q2-18Q4
2008Q2-18Q4
2000Q2-18Q4
2001Q2-17Q4
2005Q1-18Q4
2005Q1-18Q4
1992Q2-18Q4
1996Q1-18Q4
2003Q2-17Q3
1993Q2-18Q4
2000Q1-18Q4
2005Q1-18Q4
1996Q2-18Q4
2000Q1-18Q4
1996Q2-18Q4
1992Q2-18Q4
2007Q1-18Q4
2006Q2-18Q4
2001Q2-17Q4
1994Q4-18Q4
2000Q1-18Q4
1998Q1-18Q4
1996Q2-18Q4
1996Q2-17Q4
2005Q1-18Q4
2004Q1-18Q4
1995Q4-17Q4
1996Q2-18Q4
1994Q2-18Q4
1998Q2-17Q4
1999Q2-17Q4
1996Q2-18Q4
2008Q4-17Q3
2002Q2-17Q4

66
16
97
105
87
43
75
67
56
56
94
76
58
103
76
56
83
76
91
107
48
51
67
97
76
79
91
87
56
60
89
91
82
79
75
91
36
58
2801

1999Q3-17Q4
2004Q1-10Q3
1997Q1-17Q4
2000Q2-17Q4
2005Q1-17Q4
1997Q1-17Q4
1999Q2-17Q4
2000Q1-17Q4
2005Q1-17Q4
2001Q4-17Q4
2000Q1-17Q4
2004Q1-17Q4
1997Q1-17Q4
2001Q1-17Q4
2000Q1-17Q4
1998Q4-17Q4
2005Q2-17Q4
1997Q1-17Q4
1998Q3-17Q4
1999Q3-17Q4
2000Q1-17Q4
1997Q1-17Q4
2008Q4-17Q3
-

43
16
80
69
52
68
73
70
52
55
70
56
80
66
70
75
51
80
60
72
70
80
36
1444

1999Q1-18Q4
1999Q1-18Q4
1999Q1-18Q4
2000Q1-18Q4
2005Q1-18Q4
2000Q3-18Q4
1999Q1-18Q4
1999Q1-18Q4
2013Q3-18Q4
2014Q3-18Q4
2000Q1-18Q4
1999Q1-17Q4
2008Q3-18Q4
2006Q3-18Q4
1999Q1-18Q4
-

80
80
80
76
56
66
80
80
22
18
76
76
42
50
80
962

Notes: Range refers to the first and last observation available. Note that the VAR-approach requires 5 observations
to construct 4 lags of growth rates. T refers to the number of observations used for the particular country after
accounting for missing values and lag construction in the unconditional model.
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