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ABSTRACT 
This paper provides new evidence on the effects of tax and government spending shocks on labor 

productivity, the current account, and the real exchange rate in a sample of four industrialized 

countries. Our analysis is based on a structural vector autoregression in which the interaction of 

fiscal variables and macroeconomic aggregates is left unrestricted. Identification is instead achieved 

by exploiting the heteroscedasticity of the structural disturbances. Four main findings emerge: (i) 

whenever fiscal shocks are expansionary, the resulting increase in output per capita generally reflects 

both gains in labor productivity and higher employment rates, (ii) the data provide little support for 

the twin-deficit hypothesis, (iii) the estimated effects of unexpected tax cuts are generally 

inconsistent with the predictions of standard economic models, except for the US, and (iv) the 

puzzling real depreciation triggered by an expansionary public spending shock is substantially larger 

in magnitude than predicted by traditional identification approaches. 

  

JEL classification: C32, E62, F41, H20, H50, H60, 047. 

Keywords: Government spending, Current account, Exchange rate, Labor productivity, Structural 

vector autoregression, Taxes, Twin deficits. 
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1. INTRODUCTION 
 
The recent empirical work on the macroeconomic effects of fiscal policy has mostly focused 

on aggregate measures of output and the components of domestic absorption. Perhaps surprisingly, 

considerably less attention has been paid to the effects of tax and spending policies on the labor 

market. A few studies estimated the effects of unexpected changes in government spending on 

employment and the real wage (e.g., Fatás and Mihov 2001, Gal, López-Salido, and Vallés 2007, 

Pappa 2009), but we are not aware of any existing work that attempts to measure the effects of 

fiscal policy on labor productivity. 

 

Likewise, relatively less effort has been devoted to studying the implications of fiscal policy for 

countries' external adjustment and, by extension, for global imbalances. In particular, to our 

knowledge, only one paper, namely Kim and Roubini (2008), attempted to empirically evaluate the 

reaction of the current account and the real exchange rate to changes in taxes, and only a handful 

of studies attempted to measure the response of those two variables to changes in government 

spending (Corsetti and Müller 2006; Kim and Roubini 2008; Müller 2008; Monacelli and Perotti 

2010; Enders, Müller and Scholl 2011). Labor productivity and exchange rate movements are critical 

determinants of a country's competitiveness on the world market, whereas the current account is 

commonly regarded as a barometer of a country's solvency. It is therefore important to understand 

how and to what extent these variables are impacted by fiscal policy. 

 

Using structural vector autoregressions (SVARs) and focusing mostly on US data, existing 

studies find that unanticipated increases in government spending raise employment and the real 

wage. Virtually any economic theory would predict an increase in employment following an 

expansionary public spending shock; however, there is no consensus regarding the response of the 

real wage. Standard neoclassical models predict that the real wage must fall in response to a 

positive government spending shock as a result of the rightward shift of the labor supply schedule, 

whereas neo-Keyensian models can give rise to a positive response of the real wage if the shock 

induces a sufficiently large increase in labor demand. At any rate, while it is true that under some 

specific assumptions the real wage is proportional to the average productivity of labor, that 

relationship does not hold in general, thus calling for an empirical investigation that includes direct 

measures of labor productivity, rather than proxies for it. 
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Regarding countrys' external adjustment to fiscal policy shocks, the existing literature, also 

based on SVARs and mostly focusing on the US, finds that unexpected tax cuts and increases in 

public spending unambiguously depreciate the real exchange rate. Kim and Roubini (2008) also find 

that a surprise tax cut worsens the budget deficit but improves the current account, a situation 

referred to as " twin divergence" . On the other hand, no consensus has been reached regarding the 

effects of an unexpected increase in government spending on the current account, or whether it 

leads to twin divergence or twin deficits (i.e., positive comovement between the budget and 

external deficits). Generally speaking, these findings are puzzling from a theoretical standpoint. A 

wide class of open-economy macro models indeed predict that an unexpected fiscal expansion 

should appreciate the currency in real terms and deteriorate the current account. 

 

The purpose of this paper is to provide new evidence on the effects of fiscal policy on labor 

productivity, the current account, and the real exchange rate in a sample of four industrialized 

countries, namely, Australia, Canada, the United Kingdom, and the United States. These four 

countries are known to have reliable non-interpolated quarterly data on fiscal variables. Our 

contribution to the empirical literature is fourfold. First, we evaluate the effects of fiscal policy 

shocks on labor productivity. Second, we provide more comprehensive evidence on the response 

of the current account and the exchange rate to changes in taxes than Kim and Roubini, who 

focused exclusively on the US. Third, we use an estimation strategy that relaxes the identifying 

assumptions used in previous SVAR-based studies, which restrict the interaction of the variables of 

interest in a rather arbitrary way. Fourth, we document the implications of imposing these 

restrictions for the response of the current account and the exchange rate to fiscal shocks. 

 

Our empirical strategy builds on that developed in our earlier work (Bouakez, Chihi, and 

Normandin 2010). More specifically, we identify fiscal-policy shocks by exploiting the conditional 

hetereoscedasticity of the shocks. When there is enough time variation in the conditional variances 

of the time series used in estimation, it becomes possible to identify the structural shocks and their 

effects without having to impose additional parametric restrictions, as would be the case under (the 

usually maintained assumption of) conditional homoscedasticity (see Sentana and Fiorentini 2001). 

Incidentally, several studies document that the macroeconomic time series that we use in our 
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analysis display significant time-varying conditional volatilities.1 In our framework, the matrix of 

contemporaneous interaction nests the parametric restrictions typically imposed in the literature, 

thereby allowing one to assess the bias resulting from such restrictions.2

 

 

The empirical framework developed in our earlier paper casts fiscal policy in the context of a 

market for newly issued government bonds. The supply of bonds may or may not shift as a result of 

changes in taxes or public expenditures, depending on the government's implicit target. In turn, 

variations in taxes and public expenditures reflect both the automatic and systematic responses of 

these variables to changes in economic conditions, as well as fiscal-policy shocks. We extend this 

framework by assuming that the demand for government bonds originates not only domestically 

but also abroad, implying that the real exchange rate enters the bond-demand equation. We also 

include labor productivity and the current account in the vector used in estimation, while leaving 

their interaction with the remaining variables completely unrestricted. 

 

Our results indicate that unexpected tax cuts are expansionary in Canada and the US, but 

have essentially no effect on aggregate output per capita in Australia and the UK. Importantly, we 

find that the increase in output per capita in Canada and the US reflects both productivity gains and 

higher employment rates. In response to an unanticipated increase in public spending, output per 

capita does not respond in a statistically significant manner in Canada, whereas it increases in the 

three remaining countries. While in Australia and the UK, the increase in government spending 

triggers an increase in both labor productivity and the employment rate, only the former rises 

significantly in the US, accounting almost exclusively for the observed increase in output. These 

findings are novel and have not been previously reported in the empirical literature. 

 

                                                
1See, for example, Hsieh (1988, 1989), Engel and Hamilton (1990), Garcia and Perron (1996), Den Haan and Spear 
(1998), Engel and Kim (1999), Fountas and Karanasos (2007), Fernandez-Villaverde, Guerrón- Quintana, Kuester, and 
Rubio-Ramrez (2010), and Fernandez-Villaverde, Guerrón-Quintana, Rubio-Ramrez, and Uribe (2011). 
2Leeper, Walker and Yang (2008) pointed out that the SVAR approach may not be robust to fiscal foresight -the 
phenomenon that, due to legislative and implementation lags, economic agents are likely to react to changes in taxes 
and government spending several months before those changes actually take place. In the extreme case where all 
fiscal shocks are anticipated, Leeper et al. show that the resulting time series may have a non-invertible moving 
average component, such that it would be impossible to recover the true fiscal shocks from current and past 
variables. In, Bouakez, Chihi, and Normandin (2010), however, we provide suggestive evidence that the fiscal 
foresight problem is not sufficiently severe to undermine the SVAR approach. This is likely due to the fact that 
empirical studies mostly use quarterly data and that an important fraction of the changes in fiscal policy are 
implemented within a quarter, as documented in Mertens and Ravn (2010). 
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Regarding the countries' external adjustment to fiscal policy shocks, we find important 

differences in the response of the current account to tax shocks across the four countries. While 

the current account remains essentially unresponsive to unexpected tax cuts in Australia and the 

UK, it improves in Canada and deteriorates in the US. In contrast, the primary budget deficit 

worsens in all cases, implying that the twin-deficit hypothesis (conditional on a tax shock) is 

supported only by US data. We also find that the real exchange rate remains essentially unchanged 

following the tax cut in Australia and the UK, but that it appreciates significantly and persistently in 

Canada and the US. These findings, which constitute the second novelty of this paper, are generally 

at odds with the predictions of standard economic models, except in the US. Finally, we show that 

imposing the restrictions commonly used to identify tax shocks leads to important mis-

measurements of their effects. For example, the identification schemes proposed by Kim and 

Roubini (2008) or Monacelli and Perotti (2010) counterfactually imply that unexpected tax cuts 

lead to a twin divergence and to a real depreciation in the US. 

 

Our results also reveal the absence of a clear pattern regarding the reaction of the current 

account to an unexpected increase in public spending. Following such a shock, the current account 

deteriorates in the UK, improves with a delay in Canada and the US, and remains unchanged in 

Australia. For its part, the budget deficit shrinks with a delay in Australia and the UK and worsens in 

Canada and the US. Again, these findings lend little support to the twin-deficit hypothesis. As for 

the real exchange rate, it depreciates in a response to an unexpected increase in public spending in 

the UK and the US, whereas in Australia and Canada, the exchange rate response is small and 

statistically insignificant. Interestingly, our results indicate that the magnitude of the real depreciation 

triggered by an unexpected increase in public spending is larger than what is found using the 

commonly used approaches, making the " exchange rate puzzle" even worse. 

 

The rest of the paper is organized as follows. Section 2 presents the empirical methodology, 

including the identification strategy, the estimation method, and the data; and reports the estimation 

and specification test results. Section 3 discusses the dynamic effects of tax and government 

spending shocks on labor productivity. Section 4 discusses their effects on the current account and 

the real exchange rate. Section 5 concludes. 
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2. EMPIRICAL METHODOLOGY 

2.1 SPECIFICATION AND IDENTIFICATION 

 

Assume that the data are represented by the following SVAR: 

 

 ,=
1=

titi

m

i
t zAAz ε+−∑  (1) 

 

where tz  is a vector of variables that includes output ( ty ) , the price of bonds ( tq ), government 

spending ( tg ), taxes ( tτ ), the real exchange rate ( ts ) defined as the relative price of a foreign 

basket in terms of the domestic basket, and the current account ( tx ), and a measure of labor 

productivity ( tp ). The term tε  is a vector of mutually uncorrelated structural innovations, which 

include fiscal shocks. Denote by tν  the vector of residuals (or statistical innovations) obtained by 

projecting tz  on its own lags. These residuals are linked to the structural innovations through 

 

 ,= ttA εν  (2) 

 

where 1,...,7=,, ] jijiaA ≡  is the matrix that captures the contemporaneous interaction among the 

variables included in .tz  We cast fiscal policy in the context of a market for newly issued bonds. 

More specifically, we assume the following structure: 

 

 ,)(= ,,,,,, tddtsttytq
d

tb εσγνννβανν τ ++−+−  (3) 

 ,= ,,,,,
s

tbtqttgtd ννννν τ +−≡  (4) 

 ,= ,,,,, tggtgtddgtygtg εσεσψεσθνην ττ +++  (5) 

 .= ,,,,, ttggtddtyt ττττττ εσεσψεσθνην +++  (6) 
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Equation (3) is the private sector's demand for newly issued government bonds (Treasury bills), 

expressed in innovation form. This formulation extends the one proposed in Bouakez, Chihi, and 

Normandin (2010) by assuming that the demand for bonds, d
tb,ν , depends not only on the price of 

bonds, tq,ν , and on disposable income, tty ,, τνν − , but also on the real exchange rate, ts,ν , in order 

to capture the portion of demand originating in the rest of the world. In this equation, td ,ε  

represents a demand shock and dσ  is a scaling parameter. The parameter α  measures the 

(absolute value of the) slope of the demand curve, and is assumed to be different from 1. The 

parameters β  and γ  are the elasticities of this demand to disposable income and to the real 

exchange rate, respectively, and both are assumed to be positive. 

  

Equation (4) is (an approximation of) the government's budget constraint, and states that the 

innovation in the primary deficit, ,,tdν  (i.e., the difference between government spending and 

taxes) must be equal to the innovation in the value of debt, with s
tb,ν  being the supply of bonds. 

Note that because this constraint is expressed in innovation form, it does not include the payment 

for bonds that mature in period t  (since those bonds were issued in period 1−t ).3

tg ,ε

 Equations (5) 

and (6) describe the procedures followed by the government to determine fiscal spending and 

taxes. The disturbances  and t,τε  are the fiscal shocks that we aim to identify. The former is a 

shock to government spending and the latter is a tax shock. The terms gσ  and τσ  are scaling 

parameters. Equation (5) states that government spending may change in response to changes in 

output or to demand and tax shocks. Equation (6) has an analogous interpretation for taxes. In 

these equations, the parameters gη  and τη  measure the automatic and systematic responses of, 

respectively, government spending and taxes to changes in output. In this respect, gη  and τη  do 

not necessarily coincide with the elasticities of fiscal variables with respect to output estimated by 

Blanchard and Perotti (2002), which capture only the automatic adjustment of government 

spending and taxes. 

 

                                                
3For simplicity, this equation also abstracts from seignorage revenues, which have historically been small in 
industrialized countries. 
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Imposing equilibrium in the bonds market and solving for the structural innovations, ,tε  in 

terms of the residuals, ,tν  yield 
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where ija  1,5,6,=(i  7 , 1,...,7)=j  are unconstrained parameters. This specification imposes the 

following restrictions: 0,=26a  0,=27a  0,=36a  0,=37a  0,=46a  0,=47a  

),(= 232124 aaa +−  ,=
25

35

22

32

a
a

a
a

 and 
25

45

22

42 =
a
a

a
a

.4

 

 

 

 

                                                

4Note that the last two restrictions imply the redundant restriction .=
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The conditional scedastic structure of system (7) is 

 

 ,= 11 '
tt AA −− ΓΣ  (8) 

 

where )(= 1
'
tttt E νν−Σ  is the (non-diagonal) conditional covariance matrix of the statistical 

innovations and )(= 1
'
tttt E εε−Γ  is the (diagonal) conditional covariance matrix of the structural 

innovations. Without loss of generality, the unconditional variances of the structural innovations are 

normalized to unity ( ))(= '
ttEI εε . The dynamics of the conditional variances of the structural 

innovations are determined by 

 

 .)()(= 1211121 −−− Γ•∆+•∆+∆−∆−Γ t
'
ttt I εε  (9) 

 

The operator •  denotes the element-by-element matrix multiplication, while 1∆  and 2∆  are 

diagonal matrices of parameters. Equation (9) involves intercepts that are consistent with the 

normalization )(= '
ttEI εε . Also, (9) implies that all the structural innovations are conditionally 

homoscedastic if 1∆  and 2∆  are null. On the other hand, some structural innovations display time-

varying conditional variances characterized by univariate generalized autoregressive conditional 

heteroscedastic [GARCH(1,1)] processes if 1∆  and 2∆  --- which contain the ARCH and GARCH 

coefficients, respectively --- are positive semi-definite and )( 21 ∆−∆−I  is positive definite. Finally, 

all the conditional variances follow GARCH(1,1) processes if 1∆ , 2∆ , and )( 21 ∆−∆−I  are 

positive definite. 

 

Under conditional heteroscedasticity, system (7) can be identified, allowing us to study the 

effects of fiscal policy shocks. The sufficient (rank) condition for identification states that the 

conditional variances of the structural innovations are linearly independent. That is, 0=λ  is the 

only solution to 0=λΓ , such that )( ΓΓ'  is invertible --- where Γ  stacks by column the 

conditional volatilities associated with each structural innovation. The necessary (order) condition 

requires that the conditional variances of (at least) all but one structural innovations are time-

varying. In practice, the rank and order conditions lead to similar conclusions, given that the 

conditional variances are parameterized by GARCH(1,1) processes (see Sentana and Fiorentini 
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2001). For further discussion of the intuition underlying identification through conditional 

heteroscedasticity, see Bouakez, Chihi, and Normandin (2010). 

2.2 IDENTIFICATION UNDER HOMOSCEDASTICITY: 
EXISTING APPROACHES 

 
Under conditional homoscedasticity, 21 restrictions need to be imposed on the matrix A  in 

order to achieve identification. These restrictions constrain the contemporaneous interaction of the 

variables of interest in a way that reflects the econometrician's judgment about the process by 

which policy variables are determined and/or the manner in which they affect certain variables. 

Existing approaches to identify fiscal-policy shocks within SVARs can be grouped into the four 

categories presented below, depending on the resulting shape of the A  matrix. Note, however, 

than none of these studies has included labor productivity among the variables used in estimation. 

 

Recursive scheme 
 
This scheme implies a system in which the matrix A  is lower triangular:  
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 (10) 

 

In this specification, government spending is predetermined with respect to any other variable in the 

system and thus government spending shocks can be obtained simply by a Cholesky decomposition 

of the covariance matrix of the VAR residuals, where public spending is ranked first. This is the 

strategy employed by Kim and Roubini (2008), Corsetti and Müller (2006), and Müller (2008) to 

identify the effects of government spending shocks on the current account and the exchange rate. 

Among the three studies, only the one by Corsetti and Müller (2006) used data from multiple 
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countries, namely Australia, Canada, the UK, and the US; the two others having focused exclusively 

on the US. 

 

The system above also implies that output is predetermined with respect to taxes. Thus, 

following a tax shock, the initial response of output is nil by construction. On the other hand, taxes 

may respond contemporaneously to unexpected changes in output, reflecting the automatic and 

systematic responses of government revenue to changes in economic activity. This strategy of 

ordering output before taxes in a Cholesky decomposition has only been performed by Kim and 

Roubini, whereas the two other studies cited above did not study the effects of tax shocks on 

external variables. 

 

Non-recursive scheme (KR) 
 
Kim and Roubini (2008) consider an alternative identification scheme whereby government 

spending is still predetermined with respect to all the remaining variables, but where the 

contemporaneous interaction of output and taxes is left unrestricted. In order to obtain this 

additional degree of freedom, however, a parametric restriction must be imposed elsewhere in the 

system. Kim and Roubini achieve this requirement by setting 0=~
31a , which yields  
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Non-recursive scheme (MP) 
 
Monacelli and Perotti (2010) also consider an alternative non-recursive scheme that does not 

impose any prior ordering between taxes and output, assuming that the two variables are 

simultaneously determined. However, in contrast to KR, they leave unrestricted the parameter .~
31a  

Since such an assumption implies an additional parameter to estimate, Monacelli and Perotti follow 
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the strategy originally proposed by Blanchard and Perotti (2002) of calibrating the elasticity of taxes 

with respect to output based on institutional information. More specifically, this elasticity measures 

the automatic adjustment of taxes to changes in output. In terms of our notation, such a 

specification can be written as 
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where φ  is the elasticity of taxes with respect to output. Monacelli and Perotti apply this scheme to 

measure the effects of government spending shocks on the current account and the exchange rate 

in Australia, Canada, the UK, and the US, though a special attention is paid to the latter country. It is 

worth emphasizing, however, that these responses are identical to those that would be obtained 

from the recursive or the KR schemes. Only in the case of tax shock would these three approaches 

imply different results. 

 

Sign restrictions 
 
An alternative identification strategy to pin down the effects of government spending shock is 

the so-called sign restriction approach, which identifies the elements of A such that the impulse 

responses of interest satisfy a number of shape and sign restrictions imposed by the 

econometrician. Enders, Müller, and Scholl (2011) apply this methodology to measure the effects of 

government spending shocks on the current account and the exchange rate. Their identification 

assumptions ensure that the following restrictions are satisfied in response to a positive government 

spending shock : ( i ) public spending increases during the first four quarters after the shock, ( ii ) the 

primary budget deficit increases for four quarters, ( iii ) output increases for two quarters, ( iv ) 

investment increases for six quarters, ( v ) the nominal interest rate increases for four quarters, and (

vi ) inflation increases immediately after the shock. The response of the current account and the 

exchange rate, on the hand, are left unrestricted. 
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2.3 ESTIMATION METHOD AND DATA 

 
The elements of ,, 1∆A  and 2∆  are estimated using the following two-step procedure. We 

first estimate by ordinary least squares an −m order VAR that includes output, the price of bonds, 

the current account, the real exchange rate, government spending and taxes,5

,tν

 and extract the 

implied residuals,  for .1,...,= Tmt +  For given values of the elements of the matrices ,, 1∆A  

and ,2∆  it is then possible to construct an estimate of the conditional covariance matrix tΣ  

recursively, using equations (8) and (9) and the initialization I'
mmm == εεΓ . Assuming that the 

residuals are conditionally normally distributed, the second step consists in selecting the elements of 

the matrices ,, 1∆A  and 2∆  that maximize the likelihood of the sample. 

 

We use quarterly data covering the period 1973-1 to 2008-4. The analysis is performed for 

Australia, Canada, the UK, and the US. The choice of this sample of countries is mainly motivated 

by the availability of non-interpolated quarterly data on fiscal variables at the general government 

level. The series used in estimation are constructed as follows. Output is measured by real GDP. 

The price of bonds is measured by the inverse of the gross real return on 3-month treasury bills,6

                                                
5The benchmark specification includes a constant, a quadratic trend, and four lags. 

 

where the GDP deflator is used to deflate the gross nominal return. The current account is defined 

as the change in net foreign assets and is expressed as a fraction of GDP, and the exchange rate is 

measured by the real effective exchange rate, which is constructed such that an increase 

corresponds to a real depreciation. Labor productivity is measured as output per worker and is 

computed by dividing real GDP by total employment. As a robustness check, we also consider an 

alternative measure of productivity: output per hour, which is computed by dividing real GDP by 

the total number of hours worked. Government spending is defined as the sum of federal (defense 

and non-defense), state and local consumption and gross investment expenditures. Taxes are 

defined as total government receipts less net transfer payments. The spending and tax series are 

expressed in real terms using the GDP deflator. Output, government spending and taxes are 

divided by total population and all the series, except the current account to output ratio, are 

expressed in logarithm. The data sources and further details on the construction of the series are 

provided in the Appendix. 

6We found the results to be robust when we measure the price of bonds using the return on 10-year treasury bonds. 
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2.4  PARAMETER ESTIMATES AND SPECIFICATION TEST 

For each country, we estimate a 4-order VAR ( 4=m ). Table 1 reports the p-values 

associated with the McLeod-Li test statistic applied to the squared VAR residuals. In the vast 

majority of cases, the test rejects the null hypothesis of absence of autocorrelation in the squared 

VAR residuals at 1, 4 and 12 lags. This result hints to the presence of conditional heteroscedasticity 

in the statistical innovations, which is likely to translate into time-varying conditional variances of the 

structural innovations. 

 

Table 2 presents the estimates of the GARCH(1,1) parameters. For each country, the 

estimates indicate that the conditional variances of (at least) six structural innovations are time-

varying, and that the conditional variances of the structural innovations are linearly independent, 

thus satisfying the order (necessary) and rank (sufficient) conditions for the identification of 

system(7). The table also shows that government spending shocks exhibit a conditional volatility 

that is moderately persistent for Australia and Canada, but highly persistent for the UK and the US-- 

where the persistence is measured by the sum of the ARCH and GARCH coefficients. On the 

other hand, the conditional volatility of tax shocks is highly persistent for all the countries except the 

US. A more telling representation of these conditional variances is provided by Figure 1. The figure 

shows important time variation in the conditional variances of both fiscal and non-fiscal shocks, 

which often display alternating episodes of high and low volatility. These results corroborate the 

findings of earlier studies that documented the presence of conditional volatility in the time series of 

output (Fountas and Karanasos 2007), the nominal interest rate (Garcia and Perron 1996; Den 

Haan and Spear 1998; Fernandèz-Villaverde et al. 2010), the exchange rate (Hsieh 1988, 1989, 

Engel and Hamilton 1990, Engel and Kim 1999), and fiscal variables (Fernandèz-Villaverde et al. 

2011). 

 

Does the GARCH(1,1) specification provide an adequate description of the process that 

governs the conditional variances of the structural innovations? To answer this question, we test 

whether there is any autocorrelation in the ratio of the squared structural innovations relative to 

their conditional variances. The Mcleod-Li test results, reported in Table 3, indicate that the null 

hypothesis of no autocorrelation cannot be rejected at any conventional level of significance for 1, 4 

and 12 lags. This suggests that the GARCH(1,1) process is well specified. 
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Next, we turn to the estimates of the structural (bond-market) parameters, which we report 

in Table 4. The estimates of α  indicate that the slope of the demand for newly issued government 

bonds is negative and statistically significant for all countries except Canada. The estimates of β  are 

positive and statistically significant in all cases, indicating a positive relation between the demand for 

bonds and disposable income. The elasticity of demand for bonds with respect to the real exchange 

rate, γ , is imprecisely estimated but has the expected sign in three of the four cases. The 

parameter measuring the automatic/systematic response of government spending to output, gη  is 

statistically significant for Australia and the US. Its counterpart for taxes, ,τη  is statistically significant 

for Australia, Canada, and the US. The point estimates of τη  for the latter two countries are 

substantially larger than the elasticity estimated by Blanchard and Perotti (2002) for the US, thus 

indicating that the systematic response of taxes to changes in output is quantitatively important. The 

parameters gθ  and τθ  are mostly statistically significant, whereas the opposite is true for gψ  and 

τψ . Finally, the scaling factor of government spending shocks, gσ , is smaller than that of tax shocks, 

τσ . 

The parametric restrictions implied by our model, i.e., 0,=26a  0,=27a  0,=36a  0,=37a  

0,=46a  0,=47a  ),(= 232124 aaa +−  ,=
25

35

22

32

a
a

a
a

 and 
25

45

22

42 =
a
a

a
a

, are tested using a Wald test. 

The p-values associated with the test statistic, reported in Table 5, indicate that these restrictions 

cannot be rejected at the 5 percent significance level for Australia, the UK, and the US. For Canada, 

these restrictions cannot be rejected at any conventional significance level. Since system (7) appears 

to be generally supported by the data, we henceforth refer to it as the unrestricted system and to 

its implications as the unrestricted ones. 
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3. FISCAL POLICY SHOCKS AND 
PRODUCTIVITY 

This section discusses the dynamic effects of tax and public spending shocks on labor 

productivity. The findings reported below are novel, as we are not aware of any previous work that 

attempted to evaluate the effects of fiscal policy shocks on productivity. We start by discussing the 

results based on a benchmark estimation in which productivity is measured by output per worker, 

computed by dividing total output by total employment. Given that system (7) includes both output 

per capita and output per worker, we can construct the response of the ratio of total employment 

to total population, which we henceforth call the employment ratio.7

 

 By doing so, we can 

determine how much of the change in output per capita is due to changes in labor productivity and 

how much is attributed to changes in the employment rate. 

As a robustness check, we also consider an alternative case in which productivity is measured 

by output per hour, computed as the ratio of total output to the total number of hours worked. In 

this case, we augment the estimated system to include hours per worker, computed by dividing the 

total number of hours worked by total employment. This extended system allows us to decompose 

changes in output per worker into changes in output per hour and changes in hours per worker. 

Unfortunately, the data to compute the alternative measure of productivity are not available for 

Australia and the UK; thus, the results based on this measure are reported only for Canada and the 

US. 

 
Tax shocks 

 
Figure 2 depicts the dynamic effects of an unexpected tax cut on output per capita, labor 

productivity, and the employment rate. The first observation that emerges from this figure is that 

there is, in general, a similarity in results between Australia and the UK on the one hand, and 

Canada and the US on the other hand. Notwithstanding that tax cut is much less persistent in 

Canada and the US than in Australia and the UK, it leads to a persistent and statistically significant 

increase in output in the former countries, whereas in the latter the output response is muted on 

impact and mostly statistically insignificant. 

                                                
7Strictly speaking, the employment ratio is defined as the ratio of total employment to adult civilian population. 
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The figure shows a similar pattern for productivity: output per worker rises significantly in 

Canada and, to a lesser extent, in the US in response to an unexpected tax cut, whereas it is mostly 

unresponsive in Australia and the UK. As stated above, we can construct the response of the 

employment rate (residually) from the responses of output per capita and output per worker. This 

response is depicted in the last row of Figure 2, and shows that the employment rate also reacts 

positively to the tax cut in Canada and the US, thus contributing to the observed increase in output 

per capita. 

 

Figure 3 shows results for Canada and the US when productivity is measured by output per 

hour, instead of output per worker. In this case, changes in output per capita can be decomposed 

into changes in productivity, changes in the number of hours worked per employee and changes in 

the employment rate. The figure conveys a similar message to that suggested by Figure 2. Both in 

Canada and the US, tax cuts have a positive effect on output per capita, labor productivity, and the 

employment rate. However, while the number of hours per worker contribute to the increase in 

output per capita in Canada, this is not the case in the US. The figure also suggests that, in Canada, 

the increase in output per worker reflects both an increase in output per hour and an increase in 

hours per worker, whereas in the US, only output per hour appears to account for the increase in 

output per worker. 

 

In sum, unexpected tax cuts appear to have a positive effect on labor productivity, regardless 

of whether productivity is measured by output per worker or output per hour. 

 
Government spending shocks 

 
Figure 4 shows the responses of output per capita, productivity, and the employment rate to 

an unexpected increase in government spending. The shock is expansionary in all four countries, 

leading to statistically significant increase in output, except in Canada, where the effect is mostly 

statistically insignificant. The largest increase in output occurs in the UK and it persists for roughly 15 

quarters after the shock. The last two rows of Figure 4 show that the higher output per capita in 

Australia and the UK reflects both productivity gains and an increase in the employment rate 

following the increase in public spending. In the US, the positive effect on output is essentially due 

to an increase in labor productivity, whereas in Canada, both productivity and the employment rate 

exhibit muted responses. 



 

21      CENTRE FOR PRODUCTIVITY AND PROSPERITY 

 

Results based on the alternative measure of labor productivity are reported in Figure 5. The 

responses of output per capita, productivity and the employment rate closely resemble those 

depicted in Figure 4. Labor productivity and the employment rate are again unresponsive in Canada, 

whereas productivity gains account almost entirely for the increase in output per capita in the US. In 

both countries, the response of hours per worker is not statistically significant. For the US, this 

suggests that the observed increase in output per worker is mainly due to an increase in output per 

hour. 
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4. FISCAL POLICY SHOCKS AND 
EXTERNAL ADJUSTMENT 

We now turn to the analysis of the dynamic responses of the current account and the real 

exchange rate to tax and public spending shocks. In doing so, we contrast the results obtained from 

the unrestricted system with those implied by the alternative identification approaches found in the 

literature.8

 

 

Tax shocks 
 
Figure 6 depicts the dynamic effects of an unexpected tax cut on the primary budget deficit, 

the current account and the real exchange rate. The negative tax shock deteriorates the primary 

budget deficit in all four countries, but the effect is larger and much more persistent in Australia and 

the UK than in Canada and the US. In contrast, the response of the current account in the former 

two countries is flat and indistinguishable from zero. Hence, there is no evidence of twin deficits or 

twin divergence conditional on tax shocks for these two countries. On the other hand, the tax cut 

improves the current account in Canada, thus moving budget and external deficits in opposite 

directions--twin divergence. The opposite scenario occurs in the US, where the tax cut worsens 

both the budget deficit and the current account-twin deficits. Therefore, there is no overwhelming 

evidence that, in a response to a tax shock, budget and external deficits move in tandem. In 

addition, these results provide little support to the hypothesis that the likelihood and magnitude of 

twin deficits increase with the degree of openness of an economy (see Corsetti and Müller 2006). 

 

Finally, Figure 6 shows that the real exchange rate is unresponsive, in a statistical sense, to the 

tax cut in Australia, and that it depreciates with a delay in the UK, but for a brief period of time 

(around 3 quarters), after which the response becomes insignificant. In Canada and the US, the 

exchange rate appreciates significantly, although in the latter case, its response ceases to be 

significant six quarters after the shock. These results constitute the second novelty of the present 

paper, as no empirical evidence exists about the effects of tax shocks on external variables in 

countries other than the US. Importantly, we find that the US is an outlier inasmuch as it is the only 

                                                
8These results are based on a system in which labor productivity is measured as output per worker. 
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case where the effects of unexpected tax cuts are generally consistent with the predictions of 

standard economic models. 

 

How do these results compare with those obtained by imposing the identifying restrictions 

used in earlier studies? Answering this question enables one to assess whether or not and to what 

extent those restrictions are innocuous. To conserve space, we restrict the comparison to the case 

of the US. Figure 7 superimposes on the unrestricted responses obtained for the US those implied 

by the recursive identification scheme discussed in Section 2 and by the two non recursive schemes 

employed by Kim and Roubini (KR) and Monacelli and Perotti (MP).9

A

 In all cases, the system is 

estimated under the assumptions of conditional heteroscedasticity, so that any difference in results 

between the unrestricted and restricted systems would be solely attributed to the parametric 

restrictions on the coefficients of the matrix . The figure shows that the three sets of identifying 

restrictions lead to important counterfactual implications. First, both the recursive and MP schemes 

severely understate the output response, predicting that it is essentially nil at all horizons, whereas 

the KR scheme implies that output actually falls in a response to a tax cut. Second, the three 

restricted systems imply that the unanticipated decrease in taxes worsens the budget primary deficit 

and improves the current account in the US, which contradicts the twin-deficit result obtained 

under the unrestricted specification. Finally, the tax cut leads to a real depreciation of the US dollar 

under the three alternative identification schemes, whereas the unrestricted system predicts a real 

appreciation.10

 

 These findings clearly show that imposing arbitrary parametric restrictions in order to 

achieve identification can lead to mistaken inference about a country's external adjustment to tax 

shocks. 

Government spending shocks 
 

The impulse responses of the budget deficit, the current account and the real exchange rate 

to an expected increase in government spending shock are illustrated in Figure 8. In the short run, 

the shock deteriorates the primary budget deficit in Canada and the US, and improves it in Australia 

and the UK,11

                                                
9These authors also focus on the US. 

 although in the latter case, the effect becomes statistically insignificant only after 4 

10The results obtained under the KR identification scheme are consistent with those reported in Kim and Roubini 
(2008), which are based on a shorter sample period. 
11It is possible to obtain an improvement in the budget deficit following an expansionary public spending shock 
because our specification allows for an endogenous adjustment in taxes following such a shock, whereas earlier 
approaches restrict the initial response of taxes to be nil. 
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quarters. The current account deteriorates in Australia and the UK, and improves with a delay in 

Canada and the US, and deteriorates in the UK. Thus, conditional on a government spending shock, 

there is strong evidence of twin divergence rather than twin deficits. Again, we find little support for 

the hypothesis that twin deficits are more likely to occur in more open economies. Finally, Figure 8 

indicates that the real exchange rate depreciates in a response to an unexpected increase in public 

spending in the UK and the US, whereas in Australia and Canada, the exchange rate response is 

small and statistically insignificant. 

 

Figure 9 compares the results for the US with those obtained from the identification schemes 

used in existing studies, namely the recursive and sign-restriction approaches. Note that the 

dynamic responses to a government spending shock implied by the KR and MP are identical to 

those implied by the recursive approach, since all of these systems assume that government 

spending is predetermined with respect to any other variable and impose the same number of 

exclusion restrictions. In implementing the sign-restriction approach, we imposed the following 

restrictions on the dynamic responses to a positive government spending shock: ( i ) government 

spending increases for 4 quarters, ( ii ) the primary budget deficit (as a fraction of output) worsens 

for four quarters, ( iii ) output increases for two quarters, and ( iv ) the real price of bonds falls on 

impact.12

 

 

At short horizons, the results obtained from the recursive and sign-restriction approaches 

regarding the response of the budget deficit and the current account to a government spending 

shock are generally similar to those obtained from the unrestricted specification. All three 

approaches predict a worsening of the budget deficit and an improvement of the current account in 

the US in response to an expansionary spending shock. At longer horizons, however, the two 

alternative approaches under-estimate the response of the current account. More important 

discrepancies exist when it comes to the response of the real exchange rate. While the recursive 

approach yields a real depreciation, the latter is much smaller in magnitude than that predicted by 

the unrestricted system, especially at short horizons (up to two years). The sign-restriction 

approach, on the other hand, predicts that the median exchange rate response is very small in 

magnitude and is statistically indistinguishable from zero. Together, the results imply that the " real 

exchange rate puzzle" is worse than one may think based on traditional approaches. 
                                                
12These restrictions are very similar to those imposed by Enders, Müller, and Scholl (2011), though not exactly the 
same. The reason is that our estimated system differs slightly from theirs. The dynamic responses we obtain using this 
approach are nonetheless remarkably similar to those reported by these authors. 
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5. CONCLUSION 
This paper has investigated the effects of fiscal policy shocks on labor productivity, the 

current account and the exchange rate using an empirical methodology that relaxes the commonly 

used identifying assumptions, and which instead achieves identification by exploiting the conditional 

heteroscedasticity of the structural shocks within an SVAR. 

 

Notwithstanding that the effects of fiscal policy shocks are not always consistent across the 

four countries included in our sample, we found some similarities between Australia and the UK on 

the one hand, and Canada and the US on the other hand. More importantly, we found that labor 

productivity moves in the same direction as output per capita in response to fiscal policy shocks. 

We also found little support for the twin-deficit hypothesis regardless of the underlying fiscal shock, 

and that the effects of unexpected tax cuts are generally at odds with standard economic theory, 

except for the US. Finally, our results indicate that unexpected increases in public spending 

depreciates the currency in real terms in all but one country (Canada). While this puzzling 

depreciation (from the perspective of standard open-economy models) has also been documented 

by other studies, our results indicate that those studies severely understate the magnitude of the 

exchange rate response, thus suggesting that the " exchange rate puzzle" is worse than one might 

think based on traditional identification approaches. 



 

26      CENTRE FOR PRODUCTIVITY AND PROSPERITY 

 

APPENDIX: DATA CONSTRUCTION 
AND SOURCES 

This appendix describes the data used in this paper. The sample covers the 1973-1 to 2008-

4 period for the US, and the 1976-1 to 2008-4 period for Australia, Canada, and the UK. For 

Australia and the UK, the data are taken from the International Financial Statistics (IFS) released by 

the International Monetary Funds, the Main Economic Indicators (MEI) and Economic Outlook (EO) 

released by the Organization for Economic Cooperation and Development, and from Datastream. 

Data for Canada are collected from the databases released by Statistics Canada (SC), while data for 

the US are taken from the National Income and Products Accounts (NIPA), the Federal Reserve 

Bank of Saint-Louis' Fred database (FRED), the Federal Reserve Statistical Releases (FRSR), and the 

Bureau of Labor Statistics (BLS). 

 

Output is measured by the nominal GDP (sources: EO for Australia and the UK, SC for 

Canada, and NIPA for the US) normalized by the GDP deflator (sources: EO for Australia and the 

UK, SC for Canada, and NIPA for the US). The price of bonds is constructed as the inverse of the 

gross real return, where the GDP deflator is used to deflate the gross nominal return. The nominal 

return is measured by the 90 day commercial bill rate for Australia (source: MEI), the 3-month 

treasury bill rate for Canada (source: SC), the UK (source: IFS), and the US (source: FRED). Except 

for the US, the exchange rate is defined as the consumer price index-based real effective exchange 

rate (source: MEI). For the US, the exchange rate is measured by the trade-weighted real exchange 

rate index against major currencies (source: FRSR). The current account (sources: EO for Australia 

and the UK, SC for Canada, and NIPA for the US) is expressed as a percentage of GDP. Labor 

productivity is measured by dividing real GDP by total employment for Australia, Canada, and the 

UK (sources: EO for Australia and the UK, SC for Canada, and NIPA for the US), and by total non-

farm payrolls for the US (source: BLS). The alternative measure of productivity is obtained by 

dividing real GDP by the total number of hours worked in Canada (source: SC), and by the average 

weekly hours (multiplied by 52 weeks) for the US (source: BLS). 

 

Government expenditures are measured by the sum of consumption and gross investment 

expenditures of the general government (sources: EO for Australia and the UK, SC for Canada, and 

NIPA for the US) normalized by the GDP deflator. Taxes are defined as total receipts of the 
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general government less net transfers (sources: EO for Australia and the UK, SC for Canada, and 

NIPA for the US) normalized by GDP deflator. Output, government spending and taxes are 

expressed in per capita terms by dividing them by total population (sources: Datastream for 

Australia and the UK, SC for Canada and FRED for the US). Output, labor productivity, government 

spending, taxes, the price of bonds and the exchange rate are expressed in logarithm. 
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TABLE 1. HETEROSCEDASTICITY TEST RESULTS 

  Lag   Australia   Canada    UK      US    
2
,tyν   1   0.066    0.651    0.032    0.761   

  4    0.009    0.079    0.165    0.281   

  12    0.001    0.521    0.019    0.101   
2
,tqν   1   0.561    0.455    0.981    0.845   

  4    0.875    0.032    0.089    0.036   

  12    0.996    0.064    0.037    0.015   
2

,tgν   1   0.169    0.736    0.000    0.112   

  4    0.090    0.446    0.000    0.079   

  12    0.153    0.057    0.000    0.196   
2
,tτν   1   0.001    0.057    0.374    0.125   

  4    0.014    0.307    0.004    0.369   

  12    0.005    0.731    0.021    0.024   
2
,tsν   1   0.257    0.116    0.852    0.217   

  4    0.063    0.000    0.104    0.350   
2
,txν   1   0.697    0.953    0.771    0.975   

  4    0.012    0.063    0.092    0.189   

  12    0.002    0.218    0.074    0.316   
2

,tpν   1   0.002    0.101    0.145    0.682   

  4    0.019    0.155    0.000    0.079   

  12    0.007    0.283    0.000    0.218   

  
Notes: Entries are the p-values associated with the McLeod-Li test statistic applied to the squared 

VAR residuals. 

 
  



 

32      CENTRE FOR PRODUCTIVITY AND PROSPERITY 

 

TABLE 2. ESTIMATES OF THE GARCH(1,1) 
PARAMETERS 

    Australia   Canada    UK      US    

t1,ε    
( )0.158

0.232    
( )0.127
0.403    

( )0.015
0.869    

( )0.163
0.492   

  
(0.173)

0.756    
( )0.165

0.518    −    
( )0.264

0.318   

td ,ε    −    
( )0.044

0.095    
( )0.202
0.031    

( )0.084
0.094   

  −    
( )0.065

0.880    
( )1.678

0.585    
( )0.181

0.820   

tg ,ε    
( )0.160

0.148    −    
( )0.046

0.127    
( )0.111

0.113   

  −    −    
( )0.051

0.867    
( )0.485

0.596   

t,τε    
( )0.069

0.489    
( )0.118

0.166    
( )0.086

0.294    
( )0.096

0.309   

  −    
( )0.377

0.589    
( )0.224

0.329    −   

         

t5,ε    
( )0.090

0.245    
( )0.087

0.094    
( )0.143

0.287    
( )0.053

0.058   

  
( )0.112

0.702    
( )0.119

0.879    −    
( )0.071

0.929   

t6,ε    
( )0.137

0.062    
( )0.118

0.219    
( )0.145

0.403    
( )0.108

0.502   

  −    −    
( )0.351

0.135    −   

t7,ε    
( )0.052
0.021    

( )0.073
0.031    

( )0.087
0.146    

( )0.151
0.166   

  
( )0.112

0.972    
( )0.279

0.869    
( )0.129

0.794    
( )0.696

0.326   

  
Notes: Entries are the estimates (standard errors) of the parameters of the GARCH(1,1) processes. 

For each structural innovation, the first and second rows refer to the ARCH and GARCH 
coefficients, respectively. A dash )(−  indicates that zero-restrictions are imposed to ensure that 1∆  

and 2∆  are non-negative definite. 
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TABLE 3. SPECIFICATION TEST RESULTS 

   Lag Australia Canada UK US 
2
1,tε   1 0.545  0.398  0.449  0.600  

 4  0.285  0.678  0.847  0.936  

 12  0.336  0.819  0.218  0.984  
2

,tdε   1 0.302  0.429  0.776  0.693  

 4  0.238  0.635  0.998  0.963  

 12  0.209  0.613  0.999  0.956  
2

,tgε   1 0.800  0.310  0.808  0.568  

 4  0.974  0.835  0.665  0.744  

 12  0.623  0.909  0.894  0.736  
2
,tτε   1 0.669  0.601  0.677  0.995  

 4  0.583  0.446  0.913  0.708  

 12  0.586  0.877  0.999  0.616  
2
5,tε   1 0.148  0.562  0.703  0.426  

 4  0.131  0.915  0.826  0.643  

 12  0.219  0.979  0.872  0.255  
2
6,tε   1 0.689  0.785  0.812  0.871  

 4  0.892  0.455  0.966  0.694  

 12  0.301  0.534  0.703  0.738  
2
7,tε   1 0.786  0.447  0.596  0.976  

 4  0.799  0.314  0.989  0.729  

 12  0.500  0.133  0.468  0.186  

  

Notes: Entries are the p-values associated with the McLeod-Li test statistic applied to the squared 

structural innovations relative to their conditional variances. 
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TABLE 4. ESTIMATES OF THE STRUCTURAL 
PARAMETERS 

Parameter Australia Canada UK US 

α   ( )0.006
0.998  

( )0.389
0.586  

( )0.169
1.015  

( )0.234
0.764  

β   
( )0.001

1.413  
( )0.141

0.982  
( )0.358

1.034  
( )0.190

0.739  

γ   
( )0.001
0.001  

( )0.115
0.053−  

( )0.268
0.023  

( )0.207
0.366  

gη   
( )0.131

0.589  
( )1.080
0.012−  

( )2.807
0.678  

( )0.222
0.655  

τη   
( )0.316

1.996  
( )8.393

16.655  
( )3.262

3.260  
( )1.241

3.584  

gθ   
( )0.035

0.477  
( )0.265

0.445  
( )0.196

0.984  
( )0.197

0.254  

τθ   
( )0.085

1.267  
( )1.365

1.679  
( )0.426

0.519  
( )0.455
0.791−  

gψ   
( )0.001
0.413−  

( )0.072
0.042−  

( )0.365
0.030−  

( )0.138
0.266  

τψ   
( )1.042
2.388−  

( )5.576
0.884  

( )5.605
5.520−  

( )6.195
8.397−  

dσ   
( )0.002

0.022  
( )0.008

0.020  
( )0.005

0.027  
( )0.006

0.015  

gσ   
( )0.001
0.001  

( )0.002
0.005  

( )0.030
0.003  

( )0.002
0.003  

τσ   
( )0.002

0.028  
( )0.037

0.072  
( )0.007
0.038  

( )0.006
0.019  

Note: Numbers between parentheses are standard errors. 
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TABLE 5. TEST OF THE PARAMETRIC RESTRICTIONS 

   Australia Canada UK US 

P-value 0.093  0.403  0.082  0.058  

 
 

Note: Entries are the p-values of the 2χ -distributed Wald test statistic associated with the 

restrictions 0,=26a  0,=27a  0,=36a  0,=37a  0,=46a  0,=47a  ),(= 232124 aaa +−  

,=
25

35

22

32

a
a

a
a

 and 
25

45

22

42 =
a
a

a
a

. 
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FIGURE 1. CONDITIONAL VARIANCES OF THE 
STRUCTURAL SHOCKS  
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FIGURE 2: TAX CUTS AND PRODUCTIVITY 
(MEASURED AS OUTPUT PER WORKER) 

 
 

Notes: The solid lines correspond to the dynamic responses to a negative tax shock extracted from 

the unrestricted system for each country. The dotted lines are the 68 percent confidence intervals 

computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 3. TAX CUTS AND PRODUCTIVITY 
(MEASURED AS OUTPUT PER HOUR)

 
 
Notes: The solid lines correspond to the dynamic responses to a negative tax shock extracted from 

the unrestricted system for each country. The dotted lines are the 68 percent confidence intervals 

computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 4. INCREASES IN GOVERNMENT SPENDING 
AND PRODUCTIVITY (MEASURED AS OUTPUT PER 
WORKER). 

 
  

Notes: The solid lines correspond to the dynamic responses to a positive government spending 

shock extracted from the unrestricted system for each country. The dotted lines are the 68 percent 

confidence intervals computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 5. INCREASES IN GOVERNMENT SPENDING 
AND PRODUCTIVITY (MEASURED AS OUTPUT PER 
HOUR). 

 
  

Notes: The solid lines correspond to the dynamic responses to a positive government spending 

shock extracted from the unrestricted system for each country. The dotted lines are the 68 percent 

confidence intervals computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 6. TAX CUTS AND EXTERNAL ADJUSTMENT 

 
  

Notes: The solid lines correspond to the dynamic responses to a negative tax shock extracted from 

the unrestricted system for each country. The dotted lines are the 68 percent confidence intervals 

computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 7. TAX CUTS AND EXTERNAL ADJUSTMENT: 
ALTERNATIVE IDENTIFICATION SCHEMES 

 
 

Notes: The solid (dashed) lines correspond to the dynamic responses to a negative tax shock 

extracted from the unrestricted (alternative) system for the US. The dotted lines are the 68 percent 

confidence intervals computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 8. INCREASES IN GOVERNMENT SPENDING 
AND EXTERNAL ADJUSTMENT 

 
  

Notes: The solid lines correspond to the dynamic responses to a positive government spending 

shock extracted from the unrestricted system for each country. The dotted lines are the 68 percent 

confidence intervals computed using the Sims-Zha (1999) Bayesian procedure.   
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FIGURE 9. INCREASES IN GOVERNMENT SPENDING 
AND EXTERNAL ADJUSTMENT: ALTERNATIVE 
IDENTIFICATION SCHEMES 

 
  
Notes: The solid (dashed) lines correspond to the dynamic responses to a positive government 

spending shock extracted from the unrestricted (alternative) system for the US. The dotted lines 

are the 68 percent confidence intervals computed using the Sims-Zha (1999) Bayesian procedure 

for the recursive case and the 68 percent intervals of the admissible dynamic responses for the sign-

restriction case.   
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