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Abstract

We estimate the impact of shocks to government spending on the real exchange rate for a
panel of EMU member countries. Our key finding is that the impact differs across different
types of government spending, with shocks to public investment generating a larger and
more persistent impact on the real exchange rate than shocks to government consumption.
Within the latter category, we also show that the impact of shocks to the wage component
of government consumption is larger than for shocks to the non-wage component.
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1 Introduction

The aim of this paper is to study the effects of government spending shocks on the real ex-
change rate in member countries of the euro area.

From the theoretical perspective, competing models offer different predictions concerning
the relation between fiscal shocks and the real exchange rate. On the one side, neoclassical
models predict an increase in output and a negative wealth effect. The latter is produced be-
cause agents foresee that they will be taxed in order to finance the increase in public spending.
This generates an increase in the current labour supply, a decrease in real wages, a decrease in
private consumption and a depreciation of the real exchange rate. On the other side, the impli-
cations of Neo-Keynesian models with nominal rigidities are different. Government spending
shocks increase labour demand, real wages, private consumption and output. That is, these
shocks produce demand side effects and are associated with real appreciation.

Accordingly, an important branch of the recent empirical literature on fiscal policy has fo-
cused on whether fiscal shocks generate real depreciation or real appreciation. The evidence
is mixed: Monacelli and Perotti (2006) and Ravn et al. (2007) find that a shock to government
consumption produces real depreciation, while Beetsma et al. (2008) show that a shock to gov-
ernment absorption is associated with real appreciation. We seek to contribute to this literature
by inspecting whether the impact of fiscal shocks differs across different types of government
spending.

This paper estimates a panel VAR for eleven EMU countries in order to analyse the relation
between government spending and real exchange rate. The closest study to ours is Beetsma et
al. (2008), which estimates a six-variable panel VAR using fourteen EU countries. However,
we innovate along two dimensions. First, we estimate a more parsimonious three-variable
system (government spending, output and the real exchange rate). Second, we highlight that
the impact of government spending may differ across its components. Accordingly, we allow
public investment to operate differently to government consumption. Furthermore, within the
latter category, we permit differences between its wage and non-wage components.

We find that a shock to total government absorption appreciates the real exchange rate.
Moreover, we identify differences across the components of government spending, with shocks
to public investment generating a larger and more persistent impact on the real exchange rate
than shocks to government consumption. Within the latter category, we also show that the
impact of shocks to the wage component of government consumption is larger than for shocks
to the non-wage component. These results carry over to different measures of the real exchange
rate and to the relative price of nontradables.

However, when we estimate the model on a different set of countries (the four-country
panel of Australia, Canada, United Kingdom and United States that has been studied by Mona-
celli and Perotti 2006 and Ravn et al. 2007), we find that fiscal shocks are associated with real
depreciation. We view this difference in results as emanating from the different types of ex-
change rate regime across the two panels: real appreciation tends to occur in a panel of coun-

tries characterised by fixed nominal exchange rates, while real depreciation tends to occur in a
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panel of countries that are characterised by floating nominal exchange rates.

The reminder of the paper is organized as follows: In Section 2 we make an extensive de-
scription of the dataset and the method to construct variables as deviations from the other EMU
members. Section 3 presents the strategy to identify exogenous spending shocks. In Section 4,
we present the baseline estimations and study the responses to shocks in different types of
government spending. Section 5 presents different robustness checks of the baseline results.
In Section 6, we study the responses of alternative real exchange rates and the relative price of
nontradables. Section 7, compares our results to those produced by a different set of countries.
Finally, in Section 8, we conclude.

2 Data

The literature dealing with fiscal shocks has considered a range of different measures of gov-
ernment spending.! Most papers have focused on government consumption, whether in the
aggregate (Blanchard and Perotti 2002, Monacelli and Perotti 2006) or subcomponents (Mona-
celli and Perotti 2008 focus on non-wage government consumption, while Cavallo 2005, 2007
studies wage government consumption and Giordano et al. 2007 compare the effects of wage
and non-wage government consumption). Beetsma et al. (2006, 2008) provide an important ex-
ception, by analysing total government absorption and also the individual public investment
and public consumption subcomponents.

We adopt a general approach and consider five measures of government spending: to-
tal government absorption (the sum of total government consumption and government fixed
investment); government fixed investment; government consumption; wage government con-
sumption; and non-wage government consumption. The time span of our data is 1970 to 2006
and the frequency is annual.

Since we are interested in the effect of government spending shocks on the real exchange
rate of advanced countries with a common exchange rate regime, we study eleven EMU coun-
tries. We exclude Luxembourg for two reasons: limited availability of fiscal variables and no
data for real effective exchange rate vis-a-vis the rest of the euro area. The European Com-
mission publishes, however, this variable for Belgium and Luxembourg together. We take this
combined measure as a proxy for the real effective exchange rate of Belgium.

The source for almost all of these variables is the OECD Economic Outlook No 82. The only
exception is government fixed investment for Greece, where we use national sources.? Since we
are interested in the effect of real government spending, we use government deflators instead
of GDP deflators.? Each fiscal variable is deflated with its own deflator, which the exception

!Government spending has three components: government consumption, government investment and transfers
(welfare payments, pensions). Since transfers just redistribute spending across private citizens, it should not have
a first-order short run impact on macroeconomic variables and we exclude that component from the analysis that
follows.

*We thank George Tavlas for providing these data.

31t is worth mentioning that fiscal variables deflated with GDP deflator can generate positive effects on output
and employment (Monacelli and Perotti 2006).



of non-wage government consumption for which we use the deflator of total government con-
sumption.

Although data coverage is good, it is not complete. In particular, we do not include govern-
ment wage consumption for Belgium between 1970 and 1975, Germany in 1970 and Portugal
between 1970 and 1977. The latter country also lacks data for total government consumption
and government fixed investment for the same period. Germany also lacks total government
consumption for 1970.4

The second variable used in our baseline model is gross domestic product in constant lo-
cal currency units. The source of this variable is also the OECD Economic Outlook. The last
variable in our baseline estimations is the CPI-based real effective exchange rate vis-a-vis the
rest of the EMU, published by the European Commission. Alternative real effective exchange
rate measures from the same source (GDP- and NULC-based real effective exchange rates), are
used in Section 6. We take these to assess how different real exchange rates, which are based
on price deflators with dissimilar shares of domestic prices, respond to government spending
shocks.

2.1 Database in Relative Terms

Since we are interested in evaluating how fiscal shocks affect real exchange rates among the
EMU countries, we construct a set of indices which measure the deviations of our variables of
interest from the rest-of-EMU countries.’ To this end, we define I as an index that measures

the deviations of the variable of interest from the rest-of-EMU countries. This index evolves as

follows:
Z,
Iiy = Iit—q % Z@;fla (1)
where
Ziy Xy XftMU @)

Zir—1 Xig—1 ; Xﬁj\_/[f] '
The subindex i stands for home country and subindex j for EMU countries different than 7.

X, ¢+ is the real value of the considered spending variable or real GDP of country ¢ at time ¢ and

X ﬁM U is the same variable for the other EMU countries. The last term of (2) is defined as

X _ 11 ( X >‘“”' 3)
XG4 \ X

From here onwards, we will refer to the expression in (3) as the benchmark. w;; is the time

*Data from West Germany and Germany are combined by splicing growth rates in 1991.

>This step is not carried out by Beetsma et al (2006), who examined the impact of country-level variables on the
real exchange rate. However, these authors do include time dummies, such that the country-level variables can be
intepreted as deviations from the global mean. In contrast, we construct a different “rest of the world” for each
country in the panel, in line with variation in trade weights.
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invariant trade weight of country j in country 7 and it is given by

Y EtT:tO (EXPii+IMP;;)

(4)

E X P, are nominal exports from country ¢ to country j in period ¢ and /M P;; ; are nominal
imports of country ¢ from country j in period t.” Both are measured in current U.S. dollars.
EXP,;; represents total exports of country i to the EMU in period ¢t while IM P;; stands for
total imports of country 7 from the EMU in period ¢. We set £p=1971 and 7=2006. For years
where X; is not available, like for example fiscal variables in Portugal between 1970 and 1977,
we set w,; to zero and re-normalize.

The reason to use trade weights rather than GDP weights lies in the fact that trade spillovers
from discretionary fiscal policy have been found to be important in EU countries.® Moreover,
trade weights are more consistent with the third variable of our model; the real effective ex-
change rate.” Trade weights together with the alternative GDP weights are reported in Table
1.

3 Shock Identification

As is highlighted in Beetsma (2008), the literature has followed two strategies to identify ex-
ogenous and unexpected fiscal shocks. The first one is to take events for which it is reasonable
to assume that they are exogenous and unexpected. This is the ‘narrative” or ‘"dummy variable’
approach (Ramey and Shapiro 1998; Edelberg et al. 1999; Burnside et al. 2004 and Romer and
Romer 2007).

The second strategy is to identify shocks imposing structural restrictions. Identification
strategies within this set vary with the frequency of the data. Most studies using non-interpolated
quarterly data identify fiscal shocks using the procedure developed by Blanchard and Perotti
(2002) and Perotti (2004). This method decouples the cyclical and the discretionary component
of fiscal policy assuming that systematic discretionary responses of fiscal variables are absent
in quarterly data. To do this, they make use of country-by-country elasticities available from
the OECD (2005) of the various components of net taxes with respect to output.

However, high-quality quarterly data are not available for many countries and restricting
attention to only those countries that report quarterly data may skew empirical analysis, since
those countries may also be distinctive along other dimensions. Accordingly, we opt to employ

annual data and a different identification strategy. Moreover, the use of annual data has some

®Since these trade weights are very stable in the 1970 to 2006 period, there is no significant change in the results
by considering either w,; , or w, ;.

"The source of these data is the Direction of Trade Statistics (DOTS) of the International Monetary Fund.

8See Beetsma et al. (2006).

‘Trade weights used in the real effective exchange rate published by the European Commission are not exactly
the same as those used in the benchmark variable. The former retrospectively includes Slovenia as an EMU country,
while we exclude Slovenia from the output and fiscal measures, since its inclusion would be problematic in terms
of data availability prior to the mid 1990s.



advantages, as highlighted by Beetsma et al. (2008). First, shocks are closer to what a real fiscal
shock is, since fiscal policy is not substantially revised within a year. Second, the use of annual
data reduces the role of anticipation effects.'?

In terms of identification strategies with annual data, the available options (besides the
structural approach based on short- or long-run restrictions or a combination of these two) are
sign restrictions or Choleski decomposition. In the first case, the identification is pursued by
constraining the cross-correlation function in response to shocks to assign structural interpre-
tation to orthogonal innovations. This method is used by Mountford and Uhlig (2008) and
Canova and Pappa (2007) to identify fiscal shocks.

As in Beetsma et al. (2006, 2008), we use the Choleski decomposition. The reason for this
choice is the fact that using sign constraints in the context of our model would require the
imposition of a sign restriction for a number of periods on the correlation between government
spending deviations and the real growth differential, leaving the response of the real effective
exchange rate unconstrained. Here, rather than relying on this data-driven approach to identify
spending shocks, we assume that some variables are not allowed to react contemporaneously
to shocks in others.

Our three-variables structural model in companion form can be written as follows

AoZiy = A(L)Zip1 + CXip + €t (5)

Z;i. is a vector of endogenous variables containing: the government spending differential
from the rest-of-EMU countries (g; ), the real GDP differential (y;;) and the real effective ex-
change rate (e; ;). All these variables are in log levels. X, is a vector with the country-specific
intercepts (c;), country-specific linear trends (t; ;) and year dummies (d¢). Subscripts ¢ and ¢
denote the country and the year. Matrix Ay captures the contemporaneous relations between
the endogenous variables. Matrix A(L), is the matrix polynomial in the lag operator L that
captures the relation between the endogenous variables and their lags. Matrix C' contains the
coefficients of the country fixed effects, the country-specific linear trends and the time fixed
effects. The vector ¢;, contains the orthogonal structural shocks to each equation of the VAR

!%Blanchard and Perotti (2002) test the existence of anticipated fiscal policy with future values of estimated fis-
cal shocks using quarterly frequency. To this end, they include future values of a dummy variable that measures
fiscal shocks in their empirical model. They show that anticipation effects are not important in the United States.
Studies suggesting the existence of anticipation effects find that fiscal policy may be anticipated one or two quarters
in advance. Using a new variable based on narrative evidence that improves the Ramey-Shapiro military dates,
Ramey (2008) shows the existence of anticipation effects that produce qualitative changes in the responses of con-
sumption and real wages. To show this, she performs different Granger causality tests between the war dates and
the VAR shocks. The latter were defined as the residual of a dynamic empirical model in which up to four lags of
the dependent variable are included. In our dataset, the presence of anticipation effects could be tested by checking
whether output differentials or the real exchange rate Granger causes future values of the government spending
VAR shocks. Another strategy would be the implementation of tests similar to those used by Ramey (2008). How-
ever, this is not possible in our dataset because series of government spending shocks identified with the narrative
approach are only available for the United States. Since we use annual frequency any anticipation of policy changes
that are further than two quarters into the future becomes less likely. Finally, the use of annual data makes seasonal
effects to be less important than in quarterly data. The reason for this is that seasonal changes in fiscal variables are
less likely to have cycles that last more than one year.



and var(e; ;) = Q. Thus,

. g
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Premultiplying (5) by A, ' we obtain our model in reduced-form,

Ziy = B(L)Zi1—1 + DXt + iy (6)

where B(L) = AglA(L), D= AalC, Ui = Aalem, Ui p = ugt “Zt ug, ]/and var(u;¢) =
.

In order to recover ¢;; and () from the reduced-form, we impose ayg = Qeg = ey = 0 to
matrix Ag. Therefore, the structural shocks are given by

g g
€it 1 0O O (O
y _ y
gt | = Qgy Lo Uit
e e
it Qge T QyeQgy  Qye 1 ug

Imposing these restrictions is equivalent to assume that fiscal spending deviation from the
rest of the EMU countries does not react contemporaneously to shocks in the real GDP differ-
entials or the real exchange rate and; that the real GDP differential does not react contempora-
neously to shocks in real exchange rate. Therefore, the Choleski ordering to identify shocks is:
government spending deviations, GDP differential and real effective exchange rate.

These identification assumptions are in line with papers dealing with the effects of discre-
tionary fiscal shocks in the sense that we order g before y. This ordering is motivated by the fact
that government spending is planned before the period starts. Moreover, Beetsma et al. (2006)
estimate a panel VAR in public spending (¢g) and output (y) for seven EU countries with non-
interpolated quarterly fiscal data assuming that g does not react to y within a quarter. From
these results they construct an estimate of the response of public spending to output at annual
frequency finding that it is not significantly different from zero.

4 Baseline Empirical Model

4.1 Estimation Approach

We estimate the three equations of our system independently using least squares in RATS.
To deal with country-specific heterogeneity we include country fixed effects (c;) and country-
specific linear trends (t; ;). The latter is used because many variables, even if they are defined as
deviations from the other EMU members, show trending behaviour at the individual country
level. Although all variables are defined as deviations from the rest of the EMU, the use of
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fixed trade weights may produce common fluctuations across countries. To control for this and
to eliminate cross-country contemporaneous residual correlation, we include time fixed effects

(dy)-

Nickell (1981) and Arellano (2003) show that the introduction of lagged regressors in panels
with fixed effects induce serial correlation between the residuals and future values of the re-
gressors. When the time dimension of the panel is fixed and the cross-section dimension tends
to infinity, this correlation produces a bias in the coefficient of the lagged dependent variable.
Our panel has eleven EMU countries and annual data for the period 1970 to 2006. This means
that if present, biases in the coefficients may be small. We set the lag length of each model to
two according to the Akaike Information Criterion, Schwarz Bayesian Information Criterion
and the absence of first-order autocorrelation, tested with the Durbin-Watson statistic. How-
ever, it is important to mention that the latter statistic may not be the appropriate test for first
order serial autocorrelation in panels with fixed effects. This is because these country-specific
intercepts induce serial correlation between the residuals and the future values of the regres-

sors.!!

As previously mentioned, we estimate panel VARs for five types of government spending.
Following Beetsma et al. (2001, 2008), we define GEXP (government absorption) as the sum of
total government consumption (GC) and government fixed investment (GINV). Perotti (2007b)
shows that government investment and government consumption have dissimilar effects on
GDP. Taking this into account and since the distribution of the GDP increase determines the
response of the real exchange rate, we also study the dynamic effects of positive shocks in
these two variables. Furthermore, in the same way as Cavallo (2005, 2007) and Giordano et
al. (2007), we break down total government consumption into wage (WGC) and non-wage
(NWGC) consumption.

For informational purposes, Tables 2 to 6 present the reduced-form estimates of each sys-
tem. In Table 7 and Figure 1, we present the real exchange rate and GDP differential responses
to a shock to government spending deviation equivalent in magnitude to 1 percent of GDP. To
scale the responses we take the cross-country average of the government expenditure to GDP
ratio for the period 1970 to 2006. For these EMU countries, this ratio is equal to 22 percent.
The shares of government investment, total government consumption, wage and non-wage

government consumption in GDP are 3.2, 18.8, 11.2 and 7.6 percent, respectively.

In order to derive the 16th and 84th percentiles of the impulse-response distribution in the
figures, we perform Monte Carlo simulations and assume that the parameter distribution is
normal. Hence, the mean of the impulse response minus/plus one standard deviation corre-
sponds to the 16th and 84th percentiles of its distribution, respectively. Taking this into account,
we use this information to construct several t-tests and show whether the point estimates of the
mean impulse-responses are statistically different from zero in Tables 7 and 9.

"For possible alternatives see Baltagi et al. (2007).



4.2 Impulse-Response Analysis
4.2.1 Government Absorption

A 1 percent of GDP shock to government absorption produces a 0.95 percent increase in the
GDP differential on impact. This effect is statistically significant at 1 percent. The peak is
found one year after the shock when the GDP differential reaches 1.36 percent. From year one
onwards, this effect starts vanishing and becomes statistically insignificant in year seven. This
spending shock appreciates the real effective exchange rate on impact by 1.04 percent and also
in the subsequent six years. The peak appreciation is in year two with a value of 1.47 percent.
This response is statistically significant up to year six.

These qualitative results are in line with the findings of Beetsma et al. (2008). The main
difference is that the real exchange rate does not show an impact appreciation in their empirical
model. As in our case, the maximum appreciation is between year one and three. Since we
define all variables as deviations from the rest-of-EMU trend and we use eleven EMU countries,

instead of fourteen EU, it is not possible to directly compare their quantitative results to ours.

4.2.2 Government Investment versus Government Consumption

Shocks of 1 percent of GDP in government investment or government consumption increase the
GDP differential. For the first case, the response is larger and significant for a longer period.
Both appreciate the exchange rate on impact: a shock to government investment produces a
real appreciation of 1.23 percent while a shock to government consumption appreciates the
exchange rate by 1.48 percent.

Shocks in government investment produce larger and more persistent exchange rate re-
sponses than shocks in government consumption. In the latter, the real appreciation vanishes
from year five onwards. Government investment generates the largest real appreciation across
all definitions of government spending. The peak appreciation produced by this shock is 3.49
percent in year three. Furthermore, the point estimate of the mean response is statistically
significant along the whole impulse-response horizon.

4.2.3 Government Consumption: Wage versus Non-Wage Components

When government consumption is broken down into the wage and non-wage components, a
shock to the latter increases the GDP differential by 0.5 percent to 0.93 percent while a shock to
the former does not have a statistically significant effect on this variable.

The real exchange rate response is positive and statistically significant for both shocks. In
relation to a shock to the non-wage component of government consumption, it is significant
at the 10 percent level, and generates real appreciation of 0.8 and 1.01 percent in the first and
secon years. A shock to wage government consumption produces a larger and more persistent
exchange rate response. The impact is equal to a 1.07 appreciation while the peak is 1.92 percent

in year two.



4.3 Variance Decomposition

Next, we study the contribution of structural innovations to the h-step ahead forecast error
variance. This exercise gives information on the relative power of each shock to explaining the
forecast error variance of the equations in the VARs at different forecast horizons. Therefore,
it is complementary to the impulse-response analysis presented previously. Since we are in-
terested only in the proportion of forecast error variance attributable to each shock, we do not
report the size of these standard errors.

In what follows, we examine the contribution of structural innovations in government
spending to the forecast error variance of the exchange rate equation. Accordingly, Figure 2
shows that the forecast error variance attributable to a shock to government absorption ranges
between 3.0 and 5.8 percent.!? Between h=1 and h=6, this proportion grows and it stabilizes
around 5.8 percent from h=7 onwards. Consistent with the impulse-response analysis, gov-
ernment investment explains the largest proportion of the forecast error variance in the real
exchange rate equation. For the first two steps, the variance attributable to this shock is less
that 5 percent. However, from h=3 onwards, this share grows and stabilizes at 34.7 percent
after h=8.

The forecast error variance attributable to government consumption is the second largest.
Between h=4 and h=10, it accounts for 14 percent of the total variance. After government in-
vestment and consumption, a shock to government wages explains the largest proportion in
later years. In h=10, 6 percent of the forecast errors variance in the real exchange rate equation
is attributable to this shock. In line with our previous results, non-wage government consump-
tion explains the smallest proportion of forecast error. The shares of forecast error variance
attributable to this shock are between 0.8 and 1.06 percent.

For the case of the GDP equation, the largest proportion of forecast error variance is at-
tributable to shock to government investment. This is on average 12 percent of the forecast
error variance of this equation. In the second place, we find a government absorption explain-
ing between 4 and 9 percent of the forecast error variance. On the other extreme, the least
proportion is attributable to a shock to wage government consumption. This is close to zero
along the whole forecast horizon.

4.4 Summary

A one percent of GDP shock to each definition of government spending, measured as a devia-
tion from the rest-of-EMU average, appreciates the real effective exchange rate. The magnitude
and persistence differs from case to case. The largest impact response is produced by a shock
to total government consumption, followed by a shock to government investment and then by
a shock to government absorption. An investment shock produces the largest and the most

persistent effect on the real exchange rate. When government consumption is broken down

2Figure 2 shows the proportion of the forecast error variance attributable to a shock in two of the three endoge-
nous variables, for all the equations and VARs. That is, if the equation is GDP, we show the share of variance
attributable to a shock in government spending and real exchange rate.
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into the wage and non-wage component, the former produces a larger real appreciation than
the latter.

5 Robustness Checks

In order to check the robustness of our results, we follow four different strategies.

5.1 Variation in Sample

First, we estimate each panel VAR excluding one country member at a time and constructing
variables relative to a different benchmark, to see if there are single countries driving the results
of the whole panel. In this exercise, the rest-of-EMU benchmark is made of the other nine rather
than ten EMU countries.

Figure 3 shows the mean real exchange rate responses to a 1 percent of GDP shock to each
government spending. Thick black lines are the responses of the baseline model while thin gray
lines are the responses excluding one country member at a time. This figure shows that baseline
exchange rate responses are robust to this change in the dataset. However, the exclusion of
some countries in some types of government spending produce quantitative differences.

When the shock is in government absorption, the exclusion of Ireland produces larger real
appreciations for the first years. For a shock to government investment, we find that the exclu-
sion of Belgium leads to larger responses from year four onwards. For a shock to government
consumption, the exclusion of Ireland generates again a larger response in the first years and
the exclusion of Greece, leads to more persistent real appreciation. Finally, when the shock is
in government wages, the exclusion of Portugal or the Netherlands leads to greater real appre-

ciations.

5.2 Four-Variable Panel VAR

The second exercise is to check whether the measured fiscal shocks in the baseline model might
be distorted by not controlling for other components of government spending. This is relevant
in examining the impact of subcomponents of aggregate government absorption, since a shock
to public investment may be correlated with shocks to non-investment spending, which would
not be picked up in the three-variable system. Accordingly, we consider an expanded four-
variable system, in which the ‘complement’ of the fiscal variable in question is also included.
The ‘fiscal complement’ variable is defined as the difference between total government absorp-
tion and the spending variable being considered. That is, if we take government investment,
the fourth variable of the system would be government absorption minus government invest-
ment.

The advantage of including this fourth variable is that it minimizes potential biases in the

reduced form coefficients due to the omission of other types of government spending that are
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correlated with the spending variable being studied. Reduced form estimates of these systems
are presented in Tables 10 to 13 in the appendix.

To identify shocks, we adopt the conservative approach of assuming that the fiscal variable
of interest is ordered after the complement fiscal variable.!3 Figure 4 and Table 9 show these
responses to shocks in government fixed investment, government consumption, wage and non-
wage government consumption.

This change in the specification does not alter the responses of the real exchange rate to
fiscal shocks.!*

5.3 Different Time Period

Another strategy to check the robustness of our results is to estimate the baseline model for a
different period. First, we restrict the sample period to the pre-EMU years (i.e. from 1970 to
1998). We do this to check if this change in the exchange rate regime has affected the way in
which the real exchange rate responds to shocks in government spending. Table 8 shows the
statistically significant differences in the responses of the exchange rate and GDP for these two
periods while Table 9 and Figure 6 present the responses for the pre-EMU years. We check
whether the differences between the responses in these two periods are significant with t-tests
that are based on the 1000 different responses generated by the Monte Carlo simulations for
each year of the impulse-response horizon.

For all cases where impact GDP responses are statistically significant, the pre-EMU sample
delivers larger responses. This difference changes sign from year two onwards. The exchange
rate impact response for the pre-EMU period is also larger for all government spending. This
negative difference last at least four periods in government absorption, five in investment and
the whole impulse-response horizon in government wages. Although the responses are qual-
itatively similar, there is evidence that government spending shocks produced larger real ap-
preciation in the period preceding the creation of the European Monetary Union, at least in
relation to shocks to government absorption, government investment and wage government
consumption.

Second, since Perotti (2004) and Romer and Romer (2007) provide evidence showing that
variance of fiscal policy shocks and their effects on GDP and consumption have declined af-
ter 1980, we also estimate each panel VAR for the period 1980 to 2006. Figure 7 shows the
impulse-response functions of each endogenous variable to shocks in each definition of gov-
ernment spending. The point estimates of the mean exchange rate response, together with their
significance, are also reported in Table 9.

This robustness check shows that the baseline responses are qualitatively robust to this

BHowever, we have also run the system with the opposite ordering of the fiscal variables and the impulse re-
sponse functions are similar across the two specifications. These are presented in Figure 5.

“For a shock in government fixed investment, government total consumption and non-wage government con-
sumption, the response of the ‘fiscal complement’ is positively correlated with the shock. In contrast, a shock in
government wages is negatively correlated with this additional variable. This strong negative correlation explains
why output does not increase as a result of a shock in wage government consumption.
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change in the sample period, although real exchange rate responses become less persistent.
Table 9 shows that the impact and peak response of the exchange rate to shocks in govern-
ment absorption, government consumption, wage and non-wage government consumption
are grater than in the baseline. Government investment produces a larger impact but smaller
peak and less persistent response. In line with the evidence of the decline in the variance of

fiscal shocks, point estimates of the mean response in this period are less significant.

5.4 Debt Feedback

Finally, we check if our baseline results are robust to the inclusion of the general consolidated
gross debt as a ratio of GDP. Following Beetsma et al. (2008) we include the logarithm of the
first two lags of this variable.!® This is included since government spending may systematically
respond to the level of public debt (higher debt placing downward pressure on spending lev-
els). Figure 8 shows that our baseline responses are robust to this specification. As highlighted
by Beetsma el al. (2008), this may be the result of the country-specific trends picking up the
effects of movements in the debt-GDP ratios.

Although the exchange rate responses are qualitatively similar, Table 9 shows that the inclu-
sion of the debt feedback leads to a larger delayed appreciations to government absorption and
government wages shocks. The real exchange response to a shock to government consumption
is larger for the whole impulse-response horizon, when the debt feedback is included. For the
case of a government investment shock, exchange rate impact and year one to four responses

are smaller than in the baseline model.

6 Alternative Relative Price Indices

6.1 Real Exchange Rates Based on Different Price Deflators

This section studies how exchange rate responses are affected by the use of deflators with dif-
ferent shares of domestic prices. To this end, we replace the CPI-based real effective exchange
rate in each panel VAR by the GDP- and the NULC-based (nominal unit labor cost) real effec-
tive exchange rates, taken from the European Commission.

The use of these alternative exchange rate measures complements the study previously
presented for the CPI-based real exchange rate. In particular, each of these deflators allocates
a different weight to domestically-generated prices versus internationally-determined prices.
The exchange rate based on the CPI deflator has the smallest proportion of domestic prices,
since it includes import prices. In contrast, the nominal unit labor cost deflator has the largest
share of domestic prices.

Figure 9 shows the responses of these exchange rates to a shock to each type of govern-
ment spending of a magnitude equivalent to 1 percent of GDP. For a shock to government
absorption, the exchange rates based on CPI or GDP deflators respond similarly. However, the

15The source for general government consolidated gross debt is AMECO.
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NULC-based exchange rate response is different since it has the largest impact and it is the
most persistent. As shown in Table 9, all responses to a shock to government absorption are
statistically significant at least for the first five years. Moreover, the evidence is that the scale of
the appeciation is larger, the greater is the share of domestically-generated prices in the index.
A shock to government investment produces very similar impact responses in the CPI- and
GDP-based exchange rates. However, the latter gives the smallest real appreciation from year
two onwards. After year one, the NULC- and CPI-based exchange rates appreciate similarly.
When this exercise is done for government consumption, we find that the largest and the most
persistent appreciation is in the NULC-based exchange rate. This result, together with the
one of government investment, suggest that the largest and most persistent response in the
NULC-based exchange rate as a result of a shock to government absorption, is produced by the
government consumption subcomponent. In order of magnitude and persistence, the second
largest response to a shock to government consumption is in the GDP-based exchange rate.
Finally, a shock to government wages produces the largest impact appreciation in the NULC-
based exchange rate. This is because this shock is associated with a labor demand shock. How-
ever, this response becomes the smallest after two years. Although presented for completeness
in Figure 9, we omit the assessment of the shock to non-wage government consumption be-

cause these responses are not statistically significant.

6.2 Relative Price of Nontradables

We have shown that exchange rates based on deflators with different shares of domestic prices
respond differently to shocks in government absorption, government investment and govern-
ment consumption. In this line, since the relative price of nontradables plays an important role
in the real exchange rate fluctuations, we study the response of the relative price of nontrad-
ables to these shocks. To this end, we replace the real effective exchange rate with the ratio of
nontradable to tradable price indices, expressed in relative terms vis-a-vis trading partners.
As in the baseline model, the relative price of nontradables evolves following equation (1).
That is, it moves according to the difference between the rates of change in relative price of
nontradables in the considered countries and the rate of change in the benchmark. The latter
is formed by the trade weighted average of the relative price of nontradables in the other EMU

Z; .
members. However, 7 z’t 1 1S NOW
1,t—
NT NT Wij
Py Pj,t Y
. NT NT
Zz,t o Pi,t—l Pj,t—l (7)
- T | | T .
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pT J#i pT

it—1 -1
Similarly to equation (2), i stands for home country, j for the other EMU countries and w;; is a
time invariant trade weight given by equation (4). PNT and P7 are prices of nontradable and
tradable goods, respectively. Following Lane and Milesi-Ferretti (2002), we construct proxies
for PNT and PT using price indices of different sectors. We take these indices from the EU
KLEMS dataset.
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For PNT

, we take a value added weighted average of three different price indices: ‘con-
struction’, ‘hotels and restaurants” and ‘community social and personal services’; while for PT,
we take the ‘manufacturing’ price index.

Figure 10 shows the responses to a spending shock equivalent to 1 percent of GDP for all
government spending. As in the case where the real exchange rate is used, the relative price
of nontradables increases after a spending shock to government absorption, government fixed
investment and total government consumption. Shocks in non-wage and wage consumption
do not produce statistically significant responses.

Although the impact effect is not significant, a shock to government investment produces
the largest and the most persistent response in the relative price of nontradables. The peak is
in year five with a value equivalent to 3.8 percent. In the second place, the largest response is
produced by a shock to total government consumption with insignificant impact effects and a
peak in year one equal to 1.24 percent. As shown in Figure 11 and 12, responses of the relative
price of nontradables are robust to the introduction of the ‘fiscal complement’, as additional
endogenous variable. However, for a shock to total government consumption, the response of
the relative price of nontradables is of smaller magnitude.

Taking the United States as a case study and defining government consumption as gov-
ernment consumption of intermediate goods and services plus compensation of government
employees and defense spending on equipment and software, Monacelli and Perotti (2008) find
similar results. A 1 percent of GDP shock to this variable produces an increase in relative price
of nontradables with a maximum close to 1 percent in year one.

For the EMU, the sum of government fixed investment and total consumption (government
absorption) produces also an increase in the relative price of nontradables. Although the impact
effect is not significant, the peak response is in year three and equal to 1.05 percent. This result
is in line with the findings of Monacelli and Perotti (2008). In contrast, shocks in wage and
non-wage government consumption do not generate statistically significant responses.

Responses of the relative price of nontradables are qualitatively similar to those of the real
exchange rate as a result of a shock to government investment and consumption. A positive
deviation from the rest-of-EMU trend in government absorption, government investment or
total government consumption produces an increase in the relative price of nontradables as

well as a real exchange rate appreciation.

7 The Perotti Sample

In contrast to our results, several papers find that shocks in government absorption or gov-
ernment consumption produce real depreciation.!® These studies use countries for which non-
interpolated quarterly fiscal data are available (Australia, Canada, United Kingdom and United
States) and identify shocks with the approach of Blanchard and Perotti (2002).

For comparison purposes, we estimate our baseline panel VAR model for this alternative

16Gee for example Monacelli and Perotti (2006) and Ravn et al. (2007).
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group of countries. Figure 13 shows the responses to a spending shock equivalent to 1 per-
cent of GDP in government absorption, government fixed investment and total government
consumption.17 As in the literature dealing with these countries, we find that a shock to gov-
ernment absorption produces a real depreciation, despite the very different estimation method
and data frequency. The peak is a real depreciation of 2.54 percent in year two. From this year
onwards, the real exchange rate appreciates but remains below its initial value.

A shock to government consumption produces a statistically insignificant impact response
but the peak real depreciation is significant 3.85 percent in year four. In line with Perotti (2007) ,
government investment is not more effective than government consumption shocks in boosting
GDP. Moreover, shocks in the former do not affect the real exchange rate.

This section shows that a common estimation approach generates different real exchange
rate responses between the EMU sample and the Perotti sample. A potential explanation for
this lies in the exchange rate regime. On the one side, the Perotti sample is formed by countries
adopting flexible exchange rate regimes after the collapse of the Bretton Woods system. On the
other side, we have the EMU countries that have been in currency union since 1999 and were
involved in an array of quasi-fixed exchange regimes for most of the period between 1970 and
1998. We defer further exploration of the sources of the differences in results across the two
samples but speculate that the differences in monetary regimes may play an important role.

8 Conclusions

This paper makes a contribution to the literature on fiscal shocks in open economies by esti-
mating the effects of different government spending shocks on the real effective exchange rate
of eleven EMU countries. When we use the most aggregate measure of government spending,
our results are in line with papers using similar set of countries and annual data. That is, a
shock to government absorption appreciates the real exchange rate.

Moreover, we find that the composition of the spending shock matters. In particular, the
largest peak appreciation is produced by shocks to public investment. In addition, with the
government consumption category, a shock to wage government consumption generates real
appreciation while a shock to non-wage government consumption does not.

The evidence from alternative measures of the real exchange rate is that fiscal shocks affect
the relative price of nontradables and the relative price of domestically-produced goods more
generally. As in the case of the exchange rate, the response of the relative price of nontradables
is maximized in relation to a public investment shock.

Finally, we note that shocks to government spending tend to produce real depreciation in
countries that are characterised by floating exchange rate regimes. Understanding the sources
of the differences between the EMU and Perotti samples is a high-priority challenge for future

research.

17Since the decomposition between wage and non-wage components of government consumption is not available
for Australia, we do not estimate the model for these variables.
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Table 1: Trade weights (w;;) and GDP weights.

Country  Partner Trade GDP Country Partner Trade GDP
Austria Belgium 3.3 3.9 Ireland Austria 1.3 3.1
Finland 12 2.1 Belgium 135 3.9
France 6.8 23.0 Finland 2.4 2.0
Germany 64.5 31.6 France 20.3 22.6
Greece 0.8 2.1 Germany 30.2 31.0
Ireland 05 13 Greece 0.8 2.1
Italy 14.9 18.6 Italy 9.7 18.2
Netherlands 5.1 6.2 Netherlands  15.4 6.1
Portugal 0.7 1.6 Portugal 12 1.6
Spain 22 9.6 Spain 52 9.4
Belgium Austria 1.2 32 Ttaly Austria 47 3.8
Finland 0.8 2.1 Belgium 7.2 4.6
France 26.7 23.2 Finland 1.0 24
Germany 32.4 31.8 France 28.3 27.2
Greece 0.6 2.1 Germany 37.8 373
Ireland 1.7 13 Greece 2.5 2.5
Italy 7.3 18.7 Ireland 1.1 15
Netherlands ~ 25.6 6.3 Netherlands 9.0 7.4
Portugal 0.8 1.7 Portugal 1.4 19
Spain 2.9 9.7 Spain 7.0 11.3
Finland Austria 3.7 3.1 Netherlands  Austria 17 3.3
Belgium 7.1 3.9 Belgium 225 4.0
France 135 22.8 Finland 14 2.1
Germany 43.6 31.2 France 15.1 23.7
Greece 1.4 2.1 Germany 448 32.6
Ireland 1.8 13 Greece 0.9 2.2
Italy 9.5 18.4 Ireland 1.4 1.4
Netherlands 12.9 6.2 Italy 7.9 19.1
Portugal 1.8 1.6 Portugal 0.9 1.7
Spain 4.7 9.5 Spain 3.4 9.9
France Austria 1.6 4.0 Portugal Austria 19 3.1
Belgium 16.9 49 Belgium 6.0 3.9
Finland 1.0 2.6 Finland 1.6 2.0
Germany 35.2 39.4 France 19.9 22.7
Greece 1.1 2.6 Germany 27.3 31.1
Ireland 14 1.6 Greece 0.5 2.1
Italy 20.0 23.1 Ireland 0.8 1.3
Netherlands  10.8 7.8 Italy 11.0 18.3
Portugal 19 2.0 Netherlands 8.3 6.1
Spain 10.1 12.0 Spain 22.7 9.5
Germany  Austria 9.8 4.4 Spain Austria 15 3.4
Belgium 14.1 5.5 Belgium 59 4.2
Finland 2.2 2.9 Finland 12 2.2
France 25.2 32.1 France 31.0 24.6
Greece 17 2.9 Germany 27.6 33.7
Ireland 1.6 1.8 Greece 1.1 22
Italy 17.5 259 Ireland 1.3 14
Netherlands ~ 20.5 8.7 Italy 15.8 19.8
Portugal 1.6 2.3 Netherlands 8.3 6.7
Spain 59 13.4 Portugal 6.5 1.8
Greece Austria 2.4 3.1
Belgium 57 3.9
Finland 1.6 2.0
France 14.2 22.8
Germany 35.6 31.2
Ireland 0.9 13
Italy 243 184
Netherlands ~ 10.2 6.2
Portugal 0.6 1.6
Spain 45 9.5
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Table 2: PVAR estimates for: government absorption (GEXP).

GEXP GDP REER

GEXP,_, 103 006 -0.01
[0594]  [.0405]  [.0790]

GEXP;_o9  -0.25%* -0.06 0.02
[.0560] [.0381] [.0744]

GDP;_1 0.32%** 117+ 0.52%**
[.0844] [.0575] [.1122]

GDP,_, 013 -0.24%% 037
[0890]  [.0605]  [.1182]

REER,_1 0.09% 001  0.94**
[0412]  [.0281]  [.0548]

REER; > -0.05 -0.02 -0.24%**
[.0379] [.0258] [.0504]

DW 2.01 2.07 2.04

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 3: PVAR estimates for: government fixed investment (GINV).

GINV GDP REER

GINVi_1  093** 001 0.01
[0563]  [.0098]  [.0189]

GINVi_o  -0.16%* -0.01 0.02
[.0535] [.0093] [.0179]

GDP;_1 0.69** 116 0.47%
[.3243] [.0569] [.1088]

GDP,_, 048 -024%* 036
[.3350]  [.0588]  [.1124]

REER;—1  0.55%* -0.01 0.92%**
[.1584] [.0278] [.0531]

REER; o5  -0.38%* -0.03 -0.26***
[.1460] [.0256] [.0490]

DW 2.00 2.06 2.03

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 4: PVAR estimates for: government consumption (GC).

GC GDP REER

GCi_1 091***  0.06 -0.02
[0580]  [.0480]  [.0929]

GCy_2 -0.14**  -0.08* -0.03
[.0538] [.0445] [.0862]

GDP;_1 0.32%** 116 0.51**
[.0667] [.0552] [.1068]

GDP,_, 011 -022%%  0.31%
[0732]  [.0606]  [.1173]

REER,_1  0.04 0.02 093
[0342]  [.0283]  [.0549]

REER; > -0.02 -0.02 -0.23%*
[.0313] [.0259] [.0501]

DW 2.06 2.08 2.01

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 5: PVAR estimates for: wage government consumption (WGC).

WGC GDP REER

WGCe_1  1.04** 002 0.10
[0561] [.0425]  [.0822]

WGCy_o -0.14** 0.01 -0.04
[.0537]  [.0407] [.0788]

GDP;_1 0.22%*  1.19%*  0.52%*
[.0710]  [.0539] [.1041]

GDPi_y  -007  -026"* -0.38**
[0754] [.0572]  [.1106]

REER;_, 001 000 091
[0366] [.0277]  [.0536]

REER; o  -0.06* -0.03 -0.23%**
[.0339]  [.0257] [.0497]

DW 2.01 2.06 2.03

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 6: PVAR estimates for: non-wage government consumption (NWGC).

NWGC GDP REER

NWGCs_1  087***  0.02 0.00
[.0560]  [.0196]  [.0379]

NWGCi—o  -011% -0.02 -0.05
[.0497] [.0174] [.0336]

GDP;_1 0.22 1.19%*  0.52%**
[.1537] [.0539] [.1041]

GDP,_, 0.03 026"  -0.30%**
[1637]  [.0574]  [.1109]

REER:_,  -0.02 001  091%
[.0797]  [.0279]  [.0539]

REER; o 0.07 -0.02 -0.22%%*
[.0728] [.0255] [.0493]

DW 2.03 2.07 2.01

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 7: Responses to a fiscal spending shock equivalent to 1% of GDP.

REER responses

shockin —  GEXP GINV GC WGC NWGC
0 104 123 % 148 e 107 * 080 *
1 141 = 222 e 169 e 184 101 *
2 147 * 314 e 137 %= 192 = 043
3 131 ** 349 084 * 169 -0.16
4 104 = 329 037 136 ** -0.49
5 078 * 281 **  0.03 104 * -0.57
6 055 * 225 016 0.76 -0.51
7 0.39 174 *= 025 0.54 -0.39
8 0.27 133 = 027 0.36 -0.25
9 0.19 101 = 026 0.23 -0.13
10 0.14 077 * 023 0.12 -0.04

GDP responses

shockin —  GEXP GINV GC WGC NWGC
0 095 ** 170 ** 081 ** 01 050 *
1 136 ** 232 e 124 = (4 088 *
2 135 = 240 = 111 = 06 093 *
3 117 = 224 = 083 0.7 085 **
4 094 % 199 ** 055 0.8 076 *
5 073 ** 171 = 033 0.9 0.69
6 055 * 144 = 017 -1.0 0.63
7 041 120 * 006 -1.0 0.59
8 0.31 .01 * 001 1.0 * 0.56
9 0.23 0.85 -0.06 -0+ 0.52
10 0.18 0.72 -0.08 10+ 0.48

Note: *, ** and ***, denote statistical significance at 10, 5 and 1 percent, respectively.
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Table 8: Difference between Baseline and pre-EMU responses to a spending shock equivalent
to 1% of GDP.

REER responses
shock in — GEXP GINV GC WGC NWGC
0 025 045 009 2 019 = 002 *
1 022 ™ .055 008 ** 013 == 000 *
2 016 % -059 019 B 045 == 008
3 007 2056 019 063 = 006 *
4 004 * 039 017 B 063
5 015 = 015 = 051
6 023 023 013 = 035
7 028 ** 050 ** 010 ** 022
8 028 ** 069 *** 006 ** 013 ==
9 026 *= 077 = 0.08
10 023 *= 077 002 * 007 ** 004 *
GDP responses
shock in — GEXP GINV GC WGC NWGC
0 012 018 016 017
1 009 *  -009 *  -024 % 010
2 015 ** 015 ** 005 *= 018 == 001 *
3 033 =+ 044 = 015 014 =
4 046 ** 072 019 002 023
5 052 ** 095 ** 019 ** 008 ** 029
6 052 * 110 ** 014 ** 010 ** 031
7 048 ** 115 =+ 008 = 007 = 031
8 041 =+ 112 * 002 ** 031 *
9 033 ** 104 *= 004 = 030 **
10 025 ** 092 ** 009 ** 029 =

Note: Only statistically significant differences reported. *, ** and ***, denote statistical significance at 10,
5 and 1 percent, respectively.
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Table 9: Real effective exchange rate responses to fiscal spending shock equivalent to 1 % of
GDP.

shock t Baseline 4-vbles VAR pre-EMU post-1980  incl. DEBT  GDP-defl ~ NULC-defl

0 1.04 ** 129 * 121 1.01 1.00 *** 1.18
1 141 1.63 ** 1.61 *** 129  ** 1.39 129
2 147  * 1.63 ** 132 143 = 1.51  * 145 **
3 1.31  ** 138 ** 087 ** 140  ** 1.37  *** 151 **
4 104 = 1.00 ** 0.49 1.25 1.08 ** 140 **
GEXP 5 078 ** 0.63 0.24 1.06 ** 077 * 119 **
6 055 * 0.32 0.10 085 ** 0.52 095 *
7 039 0.11 0.02 0.67 ** 0.34 071 *
8§ 027 -0.01 -0.02 052 * 0.22 0.51
9 019 -0.07 -0.03 039 * 0.14 0.36
10 0.14 -0.08 -0.04 0.29 0.10 0.26
0 123  ** 112 ** 1.69 ** 142 * 096 * 114 * 0.89
1 222 208 277 227 ¥ 1.65 ** 224 e 207 0
2 314 = 3.08 373 263 268 % 297 % 308
3 349 ¥ 351 405 246 v 321 % 309 ¥ 348
4 329 ¥ 334 368 196 ¥ 317 ¥ 279 ¥ 333
GINV 5 281 ¥ 284 290 ¢ 137 0 280 231 286
6 225 ¥ 225 202 * 086 * 231 1.81 ** 228
7 174 1.69  *** 124 = 0.48 1.84  ** 1.39 ** 173 **
8 133 ** 122 ** 0.64 0.23 143 ** 1.06 * 129 **
9 .01 * 086 * 0.24 0.07 110 ** 082 * 095 *
0 077 * 0.60 0.00 -0.02 085 ** 065 * 0.72
0 148 147  ** 1.57 ** 156 *** 1.54  ** 149 201
1 1.69  *** 1.60  *** 1.60 ** 1.79  * 1.78 190 * 196  **
2 137 ** 122 ** 118 = 096 * 1.61  *** 175 ** 190 **
3 084 * 0.74 0.65 0.26 125 ** 123 161 **
4 037 0.33 0.20 -0.09 088 * 0.64 120 =
GC 5 003 0.04 -0.11 -0.18 0.57 0.18 0.79
6 -0.16 -0.14 -0.28 -0.14 0.33 -0.11 0.46
7  -025 -0.24 -0.35 -0.05 0.15 -0.26 0.22
8 -0.27 -0.28 -0.33 0.02 0.03 -0.31 0.07
9 -0.26 -0.29 -0.28 0.08 -0.06 -0.30 -0.01
10 -0.23 -0.27 -0.21 0.11 -0.11 -0.26 -0.05
0 1.07 * 120 * 126 * 164 ** 1.03  * 134 % 149 =
1 1.84 ** 1.86 ** 197 = 271 1.84 ** 1.86 ** 193 =
2 192 * 1.82  ** 236 225 203 195 ** 177 *
3 1.69 ** 148 = 232 131 ~* 1.92 1.81 ** 1.44
4 136 * 118 = 199 ** 0.53 1.67 ** 1.57 * 1.08
WGC 5 1.04 * 0.98 154 * 0.07 137 ** 1.28 * 0.77
6 076 0.81 111 -0.11 1.07  * 1.01 0.52
7 054 0.64 0.76 -0.13 0.80 0.76 0.33
8 036 047 = 0.49 -0.08 0.57 0.56 0.19
9 023 029 0.31 -0.03 0.37 0.40 0.09
10 012 0.13 0.20 0.01 0.21 0.27 0.02
0 080 * 087 * 0.82 074 % 082 ** 0.49 0.26
1 .01 * 110 = 1.02 1.59  ** 1.02 = 1.06 * 0.54
2 043 0.51 0.35 082 * 0.48 0.45 0.31
3 -0.16 -0.03 -0.22 -0.02 -0.02 -0.34 -0.08
4 -049 -0.33 -0.49 -0.39 -0.30 -0.83 -0.37
NWGC 5 -0.57 -0.43 -0.55 -0.37 -0.39 -098 * -0.50
6 -051 -0.42 -0.49 -0.18 -0.37 -0.89 * -0.49
7 039 -0.35 -0.38 0.03 -0.30 -0.70  * -0.40
8 -025 -0.27 -0.25 0.19 -0.21 -0.48 -0.28
9 -0.13 -0.18 -0.15 0.27 -0.12 -0.28 -0.16
10 -0.04 -0.11 -0.07 0.30 -0.05 -0.12 -0.07

Note: Point estimates of the Impulse-Response mean. *, ** and ***, denote statistical significance at 10, 5
and 1 percent, respectively.
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Figure 1: Baseline. Responses to a spending shock equivalent to 1% of GDP.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending (g), GDP differentials (y) and the
percentage appreciation of the real effective exchange rate (e).
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Figure 2: Variance decomposition.
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measures the percentage of forecast error variance attributable to a shock in the plotted endogenous
variable.
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Figure 3: Robustness check. Real exchange rate responses for different spending shocks: one
country member excluded.
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Note: Thick line denotes the response of the baseline EMU model. Thin lines, denote the responses for
PVAR estimated excluding one country member at a time.
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Figure 4: Robustness check. VAR including the ‘fiscal complement’. Shocked variable in 1st
position.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending and GDP differentials (y), and the
percentage appreciation of the real effective exchange rate (e).
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Figure 5: Robustness check. VAR including the ‘fiscal complement’. Shocked variable in 2nd
position.

300 500
250 - 1
300
200 - ]
o 0 v 0]
9 ] / ginv
100
050 | ]
000 , , . , , 300
0 1 H 3 ] B 6 7 5 § B o T z H i 5 6 7 5 g B
3500 600
3000 500
25.00 > 400
2000 4 . 300 - =
ginv 1500 4 gc 200
1000 4 g 100 4
500 - 000
000 ; T ;i T T T T T T T 100 ;i T ;i T T T T ; T T y
o 1 z H i H G 7 5 5 B 3 T z H i 5 © 7 5 g B
300
250 125 ]
200 - o7s
150
y 1 y o=
050 4 o
000 ]
050 T T ;i T T T T ; T T p 075
[ 1 H H l B © 7 5 5 ) 3 T z H i 5 6 7 5 s 1
200
00 50
300 g 100 4
] . 050
e 200 . . e o
100 . - 2501
] 100
000 T T T T ; T T 150
o 1 H H i s 6 7 5 3 B 3 T z H i 5 © 7 5 g B

shock in GINV shock in GC

s00 200
2504 150
100
000
050
gexp-wgc -zso-| gexp-nwgc
500 050
750 100 , T r r T r T ; T T y
3 1 1 1 B B 7 3 ) 1) T 7 3 i B i 7 B I )
1200 1400
1000 1200
w00 | 1000
800
wge 0] nwgc 60
9C 4o 9
400 4
200 200
000 , T T T T r T T T T ; 000 T ; r p——
3 T B 1 7 3 B 7 3 ) 3 I 1 1 i B 3 7 3 I )
200 150
150 128
1004 100 .
050 o7 .
000
y o y o
bped 025
150 000
20 r T r T T T T ; ; ; 025
B} T B 1 B } 5 7 i ) 1) T B 1 7 B i 7 B I )
s00 200
4004 150
2004 100
o 20 o o
1004 000
000 050
10 r T r T T T T ; r r y 100
3 T B 1 3 T B 7 i ) 1) T B 1 i B § 7 B I )

shock in WGC shock NWGC

Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending and GDP differentials (y), and the
percentage appreciation of the real effective exchange rate (e).
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Figure 6: Robustness check. Baseline model estimated for the period 1970-1998. Responses to
spending shock equivalent to 1% of GDP.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending (g), GDP differentials (y) and the
percentage appreciation of the real effective exchange rate (e).
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Figure 7: Robustness check. Baseline model estimated for the period 1980-2006. Responses to
spending shock equivalent to 1% of GDP.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending (g), GDP differentials (y) and the
percentage appreciation of the real effective exchange rate (e).
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Figure 8: Robustness check. Baseline model including two lags of public debt over GDP. Re-
sponses to spending shock equivalent to 1% of GDP.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending (g), GDP differentials (y) and the
percentage appreciation of the real effective exchange rate (e).
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Figure 9: Responses of real effective exchange rates using different deflators to a spending
shock equivalent to 1% of GDP.
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Note: Point estimates of the Impulse-Response mean. CPI defl. (baseline) is the real effective exchange
rate deflated with CPI and used in the baseline estimations. GDP defl. is the exchange rate deflated with
the GDP deflator and NULC defl. is the exchange rate deflated using nominal unit labour cost for total
economy.

36



Figure 10: Responses to a spending shock equivalent to 1% of GDP. Relative price of nontrad-

ables (e).

3000 o
2500 4
2000 4
1500 4
9 1000
500 o
0.00
500
300 200
250 o 1504
200 4 100 J
150 o
050
y 100
050 o 000
0.00 050 4
-050 T T T T T T T T T T T -1.00 T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
500 200
4.00 4 150 o
3.00 4 100 4
200 4 050
e
100 0.00
0.00 050 o
1.00 T T T T T T T T T T T -1.00 T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
1000
8.00
6.00 |
9 400
200
0.00
050
0.00
050 o
1.00
y
150
2,00
250
150 150
100 4 125 4 T
050 o 100 4 - o
0.00 075 1 § . .
050
e ¥ 025 4
1007 0.00 > s
150 < 025 4 e o . .
2,00 050 o
250 075

shock in WGC

shock in NWGC

Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending (g), GDP differentials (y) and the
percentage change on the relative price of nontradables (e).
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Figure 11: Robustness Check. Responses to a spending shock equivalent to 1% of GDP. Rela-
tive price of nontradables (e). VAR including the ‘fiscal complement’. Shocked variable in 1st
position.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending and GDP differentials (y), and the
percentage change on the relative price of nontradables (e).
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Figure 12: Robustness Check. Responses to a spending shock equivalent to 1% of GDP. Relative
price of nontradables (e). VAR including the ‘fiscal complement’. Shocked variable in 2nd
position.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the rest-of-EMU for government spending and GDP differentials (y), and the
percentage change on the relative price of nontradables (e).
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Figure 13: Responses to a spending shock equivalent to 1% of GDP using the Perotti sample:
Australia, Canada, United Kingdom and United States.
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Note: Solid lines are the point estimates of the Impulse-Response mean. Dotted lines are the 16th and
84th percentiles from Monte Carlo simulations based on 1000 replications. Vertical axis indicates the
percentage deviation from the G7 countries for government spending (g), GDP differentials (y) and the
percentage appreciation of the real effective exchange rate (e).
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9 Appendix: PVAR estimates for 4-variables system.

Table 10: PVAR estimates for: government investment.

GINV GC GDP REER

GINV,_1 092  0.03*  0.01 0.01
[.0571] [.0119] [.0100]  [.0191]

GINVi_y 015 -0.03* 0.0 0.02
[0542] [0113] [.0095] [.0182]

GCi_1 024 089" 005 -0.03
[2773] [.0582] [.0485]  [.0930]

GCi_s 026 -0.12%*  -0.08* -0.05
[2575] [.0540] [.0451]  [.0864]

GDP;_1 0.60* 0.27**  1.14**  0.46™*
[.3330] [.0699] [.0583] [.1117]

GDP,_y 038 006 -020%* -0.28*
[3604] [0756] [.0631]  [.1209]

REER;_, 051** 003 002 0.90%*
[.1648] [.0346] [.0288]  [.0553]

REER;_, -035*  -0.02  -0.02  -025*
[1493] [0313] [.0261]  [.0501]

DW 2.01 2.10 2.08 2.02

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 11: PVAR estimates for: government consumption.

GC GINV GDP REER

GCi—1 0.89*** 0.24 0.05 -0.03
[.0582]  [.2773] [.0485] [.0930]

GCi_s 0.12%  -0.26 -0.08* -0.05
[0540] [2575] [.0451]  [.0864]

GINVi_1  0.03*  092%* 001 0.01
[0119] [.0571] [.0100]  [.0191]

GINVi_y  -003* -015**  0.00 0.02
[0113] [0542]  [.0095]  [.0182]

GDP_q 027 060 114 046"
[0699] [.3330] [.0583] [.1117]

GDPi_y  -0.06 038 0200  -0.28*
[0756] [3604] [.0631]  [.1209]

REER; 1 0.03 0.51%** -0.02 0.90***
[.0346]  [.1648] [.0288] [.0553]

REER;,_»  -002  -035%  -002  -0.25%*
[0313] [1493] [.0261]  [.0501]

DW 2.10 2.01 2.08 2.02

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 12: PVAR estimates for: wage government consumption.

WGC GEXP-WGC GDP REER

WGCy_1 1134 0.57+ 0.03 0.09
[.0616] [.3397] [0473]  [.0924]

WGCi_a 0.24% 0.51 -0.04 -0.02
[.0588] [.3245] [.0452]  [.0883]

GEXP - WGCi—1  0.04%* 0.84%%% 002  -0.01
[.0117] [.0648] [.0090]  [.0176]

GEXP — WGCi_gy  -0.04%% 0.18%* 0.02% 001
[.0110] [.0611] [.0085]  [.0166]
GDP,_, 0.13* 0.79* 1I5%*  (.54%
[.0739] [.4076] [.0568]  [.1109]
GDP,_ 0.01 -0.30 0214 0404+
[.0770] [.4249] [.0592]  [.1156]
REER;_, -0.02 0.32 001 0.92%
[.0364] [.2009] [.0280]  [.0547]
REER;_s -0.04 0.15 0.02  -0.24%
[.0338] [.1867] [.0260]  [.0508]

DW 2.02 1.98 2.08 2.03

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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Table 13: PVAR estimates for: non-wage government consumption.

NWGC  GEXP-NWGC GDP REER

NWGCy_1 0.86%* 0.07** 0.02 0.004
[.0562] [.0328] [0197]  [.0379]

NWGCi_s 0.11% -0.08*** -0.02 -0.05
[.0499] [.0291] [0174]  [.0336]

GEXP - NWGC;—,  -0.03 10744 0.04 -0.002
[.0985] [.0575] [0345]  [.0664]

GEXP — NWGCi_a  -0.02 -0.26%* -0.05 0.06
[.0935] [.0546] [0327]  [.0630]
GDP;_, 0.23 0.36*** 116 0.53%+
[.1650] [.0963] [0578]  [.1113]
GDP;_» 0.004 -0.15 023 0.36%
[.1741] [.1016] [0610]  [.1174]
REER:_1 -0.01 0.11% 001  0.90%*
[.0821] [.0479] [0287]  [.0553]
REER;_» 0.08 -0.10% 002 -0.24%
[.0746] [.0436] [0261]  [.0503]

DW 2.03 1.98 2.07 2.03

Note: EMU sample. * ** and *** denote statistical significance at 10, 5 and 1 percent, respectively.
Standard deviation in square brackets. Country specific intercepts and trends, and time dummies are
omitted. DW is Durbin-Watson statistic.
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