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Abstract
This study investigates the effects of government expenditure on economic growth in the
US during the post-World War II period. We estimate historical multipliers that vary along
the timeline. We use a time-varying parameter vector autoregression model (TVP-VAR)
and prepare the time series using the linear projection method. First, TVP-VAR models
can estimate government expenditure multipliers that depend on the business cycle phase.
Second, estimated multipliers are counter-cyclical before the late 1980s and pro-cyclical afterwards. Third, the potency of the discretionary government expenditure in stimulating
output declines after the 1980s due to a decrease in the non-defence public consumption
multiplier.
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I

Introduction

Among the standard tools of countering economic recessions, policymakers often consider discretionary public expenditure, especially when the monetary policy fails to help the economy
overcome recessionary pressures for various reasons. The major argument for the use of discretionary spending rests on the idea that fiscal policy’s potency increases during adverse economic
conditions. In this regard, two contrasting views have been predominantly discussed in the recent empirical literature—Auerbach and Gorodnichenko (2012) show that public expenditure
multipliers are counter-cyclical in the US, while Ramey and Zubairy (2018) contend this view
by showing a lack of significant difference between multiplier values and the phases of a business
cycle. These prominent views implicitly assume that the relationship between the multiplier’s
size and the stages of the business cycle remains stable over time. It is imperative to challenge
such modelling assumptions in cases where a strong theoretical foundation of an economic relationship is yet to be developed.1 If the state-dependent nature of the multiplier changes over
the course of the US history, then some of the implications of Auerbach and Gorodnichenko
(2012) and Ramey and Zubairy (2018) may become misleading.
The behaviour of the fiscal multiplier in response to a recession may be subject to the presence of third factors, which aggregated time series models often fail to incorporate due to their
limited capability.2 Such third factors can facilitate higher non-linearity of the relationship that,
if not explicitly estimated by the researcher, can remain unanalysed. For example, Ramey and
Zubairy (2018) focus on the average effect of a recession on the output response to a discretionary government expenditure shock. If the fiscal multiplier declines during some recessions
and rises during the other, then their study’s setup may fail to uncover any statistically significant difference between recessions and expansions. If this is the case, then a more flexible
model would be required to determine the true fiscal multiplier’s dynamics.
This study shows that the implementation of a modelling approach that allows the relationship between the multiplier and the business cycle phase to change over time provides
multiplier estimates that do not consistently move in the same direction during each recession.
Moreover, based on our results, we can divide the post-World War II (WWII) period into two
1

Although Keynesian reasoning produces higher multipliers during economic recessions, schools following the
neoclassical synthesis have not developed a model capable of replicating this relationship using the dynamic
stochastic general equilibrium framework.
2
Even though regime-switching models are often used to capture such non-linearities, they are limited by the
number of regimes an econometrician chooses to focus.
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subperiods—the period between 1949 and late 1980s, wherein the fiscal expenditure multiplier
is counter-cyclical, as in Auerbach and Gorodnichenko (2012), and the subsequent pro-cyclical
period. This offers a scope for a monetary explanation since the pattern of the fiscal multiplier’s
dynamics changes around the implementation of the inflation-targeting policy by Paul Volcker’s
Federal Reserve. Since the size of the fiscal multiplier can be affected through the expected inflation channel of the fiscal transmission mechanism and the implementation of inflation-targeting
policies can change the way market agents form expectations about future inflation, we believe
that there is a scope for future research in this direction.
To the best of our knowledge, this is the first study to present government expenditure
multipliers that depend on the stage of a business cycle, using a time-varying parameter vector
autoregression (TVP-VAR) framework.3 Methodologically, our contribution consists of combining a version of the TVP-VAR model proposed by Belmonte, Koop, and Korobolis (2014),
an approach that governs the degree to which model parameters are allowed to vary in time;
an identification strategy combining short-term zero- and sign-restrictions; and a novel method
to detrend the data. The choice of the model allows us to follow the reasoning of Blanchard
and Perotti (2002) in extending the order of the VAR lag polynomial to include four lags.4
Importantly, we estimate the model on stationary series in levels, and thus avoid the rescaling
bias pointed out in Ramey and Zubairy (2018). We compute the stationary time series using
Hamilton’s (2018) linear projection method.
The paper proceeds as follows. Section II presents a brief overview of the literature that
applies the state-dependent and TVP-VAR models to estimate the effects of government expenditure on output. Section III presents the methodology, and Section IV discusses the identification strategy and data. Section V presents the time-varying government expenditure multipliers
and discusses dependence on the stage of the business cycle. Section VI estimates multipliers
in a framework, which acknowledges that policy actions can be anticipated by market agents.
Section VII computes multipliers for the components of government expenditure and elaborates
why the shift in the multiplier behaviour after the 1980s may be a consequence of inflation3
The model class is believed to be incapable of producing multipliers that depend on the stage of the business
cycle (Ramey 2011a; Auerbach and Gorodnichenko 2012). Results of Kirchner, Cimadomo, and Hauptmeier
(2010), Pereira and Lopes (2014), and Berg (2015) support this notion. Our results prove that the failure to
uncover such a relationship is mostly driven by their modelling choices.
4
Existing contributions estimate TVP-VAR models of order two. A working paper by Iiboshi and Iwata (2017)
that also extends the lag order to 4 and applies identification similar to ours emerged when this study was under
development. Authors detrend variables prior to estimation, assuming linear and quadratic trends, and do not
focus on the state-dependent nature of the multiplier.
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targeting policies. Conclusion and Appendices follow in Section VIII.

II

Literature overview

The theoretical and empirical literature on fiscal multiplier is extensive. As we mainly focus on
the empirical part of the debate, the reader is referred to Ramey (2011a) for a more detailed
overview of the theoretical contributions. The empirical part of the literature can be broadly
divided into three model classes.5
First, models disregarding the state-dependent nature of the multiplier (e.g. Ramey and
Shapiro 1998; Blanchard and Perotti 2002; Mountford and Uhlig 2005; Ramey 2011b; Barro
and Redlick 2011) dominated the debate before the early 2010s. These models focused on the
estimation of an average multiplier value, which proved to be misleading in certain applications.6
Since we are interested in analysing the state-dependent nature of the multiplier, we will refrain
from focusing on this model class further.
The second category focused on the state-dependent nature of the fiscal policy’s impact.
This branch of literature is pioneered by the smooth transition VAR approach of Auerbach and
Gorodnichenko (2012). The baseline analysis estimates a set of multipliers for various types of
spending, allowing the output response to depend on the business cycle stage. The study shows
the US government expenditure multipliers to be as low as -0.33 and as high as 2.24 during
expansions and recessions, respectively. Using a non-linear VAR setup, Bachmann and Sims
(2012) support higher multipliers during the US economic recessions. Some of the more recent contributions adopt modifications of Jorda’s (2005) local projection method for calculating
multipliers that depend on an economic state. Using a local projection instrumental variable
(LP-IV) model, Ramey and Zubairy (2018) conclude that dependence of the government expenditure multiplier on a business cycle stage does not hold for various alternative models, shocks,
and state specifications.7 Bernardini and Peersman (2018) extend the model to accommodate
more than two states simultaneously. Similar to Ramey and Zubairy (2018), the estimation
results offer mixed evidence. Both studies produce state-dependent multipliers in some model
specifications. All the studies in this branch of literature have one feature in common—the
5

In this literature overview, we disregard modelling approaches used before Lucas’s (1976) and Sim’s (1980)
critiques.
6
For example, policy recommendations based on an average multiplier value can potentially harm an economy
if it is experiencing a recession.
7
The study by Auerbach and Gorodnichenko (2013) first applied the LP method to a fiscal multiplier debate.
Nonetheless, the study by Ramey and Zubairy (2018) first used the method on the US data.
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relationship between the value of the multiplier and the business cycle stage is assumed to have
the same sign for the entire underlying sample of years. These models aim at computing an
average change in the multiplier value once the economy rolls into a recession. Such a setup
can produce misleading results if the relationship is conditional on the presence of third factors,
omitted from the model. Similarly, if the nature of the relationship does not remain steady
throughout the entire time sample, such averaged estimates can be misleading.
The third class of models capable of capturing such a non-linearity focused on the use of
time-varying parameter (TVP) models. This class of models first appeared in the studies by
Canova (1993), Sims (1993), and Cogley and Sargent (2003); the modelling framework is further
modified by Primiceri (2005), who set up a model with minimum restrictions and both timevarying lag polynomial and time-varying variance-covariance matrix. Primiceri (Ibid) argues
that the methodology captures various non-linearities across time, without depending on excessive structural modelling assumptions, as a specific number of states or by their definition. Such
models allow for endogenous changes in the effects of interest without imposing the assumption that these effects remain qualitatively similar. This property makes the TVP framework
suitable to determine whether the relationship between the multiplier value and the business
cycle stage remained the same over the course of the US history.8 Although this method gained
popularity in the macroeconomic literature in the last 20 years, it was recently introduced to
the fiscal debate and is still in its infancy.
There are three primary studies on the time-varying government expenditure multiplier—Kirchner, Cimadomo, and Hauptmeier (2010); Pereira and Lopes (2014), and Berg (2015). However,
they failed to uncover a relationship between the government expenditure multiplier and the
stage of the business cycle.9 Kirchner, Cimadomo, and Hauptmeier (2010), which, to the best
of our knowledge, is the first study to introduce the Bayesian TVP-VAR analysis into the fiscal
debate, estimated the model for the European Union (EU). The study concludes that short-run
fiscal multipliers increased until the late 1980s, reaching values above unity, and subsequently
decreased to 0.5 by the end of the sample. Since the 1980s, the long-run multiplier experienced
an even sharper decline. The study did not analyse the dependence of the multiplier value
8

Even though it is hard to disentangle the effect of any single state, these models facilitate the estimation
of historical multiplier values and assess the effects of the states ex-post. In other words, if the state affects
the multiplier value, we expect to observe such a change in the absence of explicit modelling choices or ad hoc
definitions of the state.
9
Eisenstat, Chan, and Strachan (2016) also estimate a TVP-VECM following Blanchard and Perotti (2002),
but their contribution mainly lies in modifying the model of Belmonte, Koop, and Korobilis (2014) with alternative
prior definition. Their analysis of the US fiscal policy is purely illustrative of their approach.
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on the stage of the business cycle. Pereira and Lopes (2014) focus on computing time-varying
effects of the fiscal policy for the US.10 The study concludes a small degree of time variation in
the output response to a discretionary government expenditure shock. Furthermore, the study
focuses on estimating elasticities and does not extend the analysis to incorporate multiplier calculation. Berg (2015) also concludes that the potency of fiscal policy declined by the end of the
sample in the case of Germany. The estimated multiplier does not demonstrate any dependence
on the stage of the business cycle.
Based on results of Kirchner, Cimadomo, and Hauptmeier (2010) and Pereira and Lopes
(2014), Ramey (2011a) and Auerbach and Gorodichenko (2012) infer that existing applications
of the TVP-VAR methodology have failed to uncover the state-dependent nature of the fiscal
multiplier. Unlike this view, our results provide a basis to question whether the failure to uncover the state-dependent nature of the expenditure multiplier is driven by the modelling choices
adopted in related studies. Extending the lag polynomial to the fourth order and detrending
data using Hamilton’s (2018) linear projection method, we present state-dependent fiscal multipliers in a TVP-VAR framework. In this regard, this study fills two important gaps in the
literature. First, to the best of our knowledge, it is the first study that succeeds in estimating
government expenditure multipliers that depend on the business cycle stage. Second, our approach allows us to investigate whether the state-dependent nature of the public expenditure
multiplier remains the same throughout the post-WWII period in the US. Therefore, we evaluate the correctness of the prevailing set of modelling strategies analysing the state-dependence
of the fiscal multiplier.

III

Methodology

This study uses the TVP-VAR model to calculate a series of time-varying fiscal multipliers.
Building on the spirit of Fruhwirth-Schnatter and Wagner (2010) and Belmonte, Koop, and
Korobolis (2014), the model implements a decision mechanism controlling the degree of the
model parameters’ time-variation. Following Eisenstat, Chan, and Strachan (2016), this study
uses a Tobit prior on the indicators governing the degree of time-variation of the VAR parameters
and a Lasso prior on their respective variance. This approach boosts the performance of the
stochastic model specification search for large TVP-VAR models while adding the appealing
10

Unlike our approach, the study uses of a non-recursive identification scheme and removes the simple linear
trend.
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feature of shrinking the model to a more stable time-invariant VAR. Particularly, the latter
feature is useful since it allows us to extend the size of our model successfully to include all
four lags of the fiscal variables. Although the methodology allows for both a time-varying lag
polynomial and a time-varying variance-covariance matrix, it penalises over-parameterisation.
Allowing the model parameters to follow random walks ensures a great degree of non-linearity
in the parameter transition along the timeline.11 The following system of equations describes
the econometric model:

Yt = Xt βt + Σt ut ,

ut ∼ N (0, In )

(1)

βt = βt−1 + vt

vt ∼ N (0, Ω)

(2)

log(σt ) = log(σt−1 ) + θt

θt ∼ N (0, W )

(3)

where Yt is an n × 1 vector of observed endogenous variables, Xt is an n matrix of observations
on explanatory variables (both endogenous and exogenous variable vectors, their lags, and
some contemporaneous elements of Yt ), ut denotes structural shocks, and Σt is a diagonal
matrix containing standard deviations of the structural shocks. βt is a vector containing all
coefficients of Xt , and log(σt ) is a vector containing logs of all the non-zero elements of a
diagonal matrix Σt . Ω and W are the variance-covariance matrices of the disturbances from
the parameter laws of motion. At this point, it is crucial to acknowledge that Ω = Ω̃ 2 ΦΦ0 Ω̃ 2 0 ,
1

1

where Ω̃ 2 = diag(ω1 , . . . , ωm ) contains the indicators used to access the degree of time-variance
1

and Φ is a lower-unitriangular matrix. The reader is referred to Appendix F, Primiceri (2005),
and Eisenstat, Chan, and Strachan (2016) for a more detailed explanation of the setup.
The set of equations (1), (2), and (3) pins down the problem under analysis, which is solved
using Bayesian techniques.12 As the joint posterior density is unknown, parameters of interest
are sampled iteratively from conditional densities using the Gibb’s sampler. Each set of the
presented results is based on 150,000 iterations of the Gibb’s sampler; the procedure is sensitive
to initial values and is subject to the autocorrelation of the sampled draws. Therefore, in each
case, a burn-in period of 100,000 is eliminated; subsequently, every 25th draw of the remainder
is used to approximate the posterior density function. As in Primiceri (2005), V ar([ut vt θt ]0 )
11

The VAR’s time-varying parameters adhere to random walk laws of motion. This modelling choice can be
considered a strong assumption. Nonetheless, estimating a time-invariant version of the model on a rolling sample
of 100 observations proves it to be a reasonable assumption. All the resulting autoregressive coefficients follow
either a random walk or an AR(1) process with a coefficient close to 1.
12
The Bayesian treatment of the problem, as argued in Cogley and Sargent (2005), allows the treatment of
coefficients as random variables and alienates the method from the Lucas (1976) critique.
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matrix is assumed to be diagonal.
The Bayesian estimation also requires a set of prior distributions. Considering data limitations and to preserve comparability between different subsample estimations, we deviate
from the commonly accepted routine of constructing priors based on the pre-sample estimation.
Conversely, we assume uninformative priors, as in Eisenstat, Chan, and Strachan (2016).13
The estimation gives a set of VAR parameters for every period t under analysis, which is
later used to compute impulse response functions (IRFs). Given that the calculated posterior
distributions are ergodic, the IRFs, being functions of the estimated parameters, are calculated
separately for every parameter draw. Accordingly, the joint set of IRFs represent the IRF
distribution. In the same manner, posterior distributions of the multipliers are obtained; this
approach presents a straightforward way of significance assessment. The analysis produces two
multiplier types:
• Cumulative Multiplier:
Ktsum

=

y
ΣH
h=0 ft+h
g
ΣH
h=0 ft+h

(4)

• Impact Multiplier:
Ktimp = fty

(5)

y
where ft+h
refers to the output response at horizon h to a fiscal shock taking place at time t.
g
ft+h
refers to the fiscal variable counterpart.

The cumulative multiplier (4) is assumed to be equal to the integral of the output response
divided by the integral of the government expenditure response—they comprise responses to
a discretionary government expenditure shock. As argued in Ramey and Zubairy (2018), this
definition of the multiplier tends to provide lower multiplier values than alternative definitions.

IV

Identification Strategy and Data

This study proposes an identification scheme that combines sign restrictions with short-term
zero restrictions, following Rubio-Ramirez, Waggoner, and Zha (2010).14 Short-term zero restrictions are based on the reasoning of Blanchard and Perotti (2002); additionally, the im13
This choice comes at the cost of broader confidence bands. Nonetheless, as can be seen in Section V, we
conclude that the multiplier series are subject to two chronologically ordered regimes. By using uninformative
priors, we avoid imposing a prior distribution constructed using data from the first regime on the posterior
distribution of the model coefficients in the second one.
14
The actual implementation of the routine follows the strategy outlined by Binning (2013).
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plementation of sign restrictions evades an important pitfall of Cholesky factorisation in VAR
models including tax revenues as an endogenous variable.15 The proposed identification strategy
can be summed up by:
εG
t

εT
t



εY
t



+

Zt = N T0
×

Y0
×
G0

0
+
−

0

×


+

(6)

T
where εG
t refers to the structural government expenditure shock, εt to the structural tax shock,

and εYt to the structural output shock.
Identification scheme (6) combines the assumption of the lagged discretionary fiscal policy
response, as in Blanchard and Perotti (2002), and assigns a minimum amount of sign restrictions
necessary for identification. Under the modelling choice, the output shock is allowed to have an
immediate effect on net taxes, and a net taxes shock lowers the output contemporaneously. In
other words, the latter assumption draws an equivalence between an increase in both net taxes
as well as marginal tax rates, which only holds if the fiscal policy stance remains at the uphill of
the Laffer curve.16 Appendix E presents an elaborate explanation of the identification strategy.
The TVP-VAR model includes a joint measure of government investment and consumption
(Gt ) (referred to as government expenditure in the remainder of the study), tax revenue net
of transfer payments (N Tt ), and GDP (Yt ). All variables are entered in real per capita terms
to control for the effects of population growth and the nominal effects of inflation. There are
two major approaches to data preparation in the fiscal VAR literature. In the first approach,
Mountford and Uhlig (2005); Kirchner, Cimadomo, and Hauptmeier (2010); Auerbach and
Gorodnichenko (2012); and Bachman and Sims (2012) make use of data in levels to preserve
the long-run relationships between government expenditure, taxes, and output.17 The second
approach, used by Blanchard and Perotti (2002), Pereira and Lopes (2014), and Berg (2015),
emphasises the need to estimate the multivariate model on stationary data, and thus removes
15

Appendix D provides an elaborate explanation of how such a pitfall can arise in a fiscal VAR framework.
This assumption choice is supported by results of Trabandt and Uhlig (2011) for the 1995–2007 period; for
this period, authors conclude that, on an average, both labour and capital tax rates for the US were below levels,
prompting maximum tax revenues. Blinder (1981) also supports the argument that the US tax burden, in a
broad sense, is unlikely to be on the downhill of the Laffer curve.
17
Auerbach and Gorodnichenko (2012) do mention that, in the presence of non-stationarity, a properly constructed VECM will be superior to their modelling strategy. Nonetheless, it is not straightforward to justify a
specific cointegration vector and performing the analysis in first differences does not produce results in line with
the theory or overall empirical consensus on the topic.
16
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the trend prior to estimation or explicitly controls for the trend in the model.
On the one hand, GDP, government expenditure, and net taxes are non-stationary time
series, and hence estimations in levels can produce spurious results. On the other hand, detrending data can eliminate important information contained in the series and affect our results.
Therefore, the primary objective in data preparation is to develop a stationary transformation
that will not remove the part of variation that we want to analyse. This study introduces the
Hamilton (2018) linear projection routine as an instrument to obtain such a stationary series for
the fiscal VAR analysis. Hamilton’s (2018) procedure produces stationary cyclical components
of macroeconomic series centred around zero. Similar to the Hodrick and Prescott’s (1997)
filter, it produces stationary series in levels.18 Since the resulting stationary series enter the
model in levels, estimated multipliers are not subject to the rescaling bias outlined by Ramey
and Zubairy (2018). Therefore, the TVP-VAR model estimated on cyclical components via
Hamilton’s (2018) linear projection method directly produces multipliers, not elasticities. Figure 1 presents the stationary series along with the recession dates identified by the National
Bureau of Economic Research (NBER).

Figure 1: STATIONARY TRANSFORMATIONS OF THE REAL PER CAPITA GOVERNMENT
EXPENDITURE (A) TAXES NET OF TRANSFERS (B) GDP (C) OVER NBER RECESSION
DATES: OBTAINED VIA HAMILTON’S LINEAR PROJECTION METHOD.

Data are obtained from the Bureau of Economic Analysis and the Federal Reserve Economic
18
Unlike the Hodrick and Prescott’s (1997) filter, it does not create artificial correlations that are not present
in the true data generation process (Hamilton, 2018).
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Database. Fiscal variables and GDP are taken from the latest release of the national income
and product accounts’ tables. Net taxes follow the definition of Blanchard and Perotti (2002);
detailed definitions are presented in Appendix C. The time series enter the model in levels of real
per capita terms, detrended via the Hamilton (2018) linear projection technique. We run the
baseline TVP-VAR model on the 1948Q1–2018Q2 sample, assuming four lags and no intercept
terms.

V

Government expenditure during economic slack

Estimation of the baseline model provides several notable results. First, the TVP-VAR framework estimates state-dependent IRFs. Second, we observe a loss in the potency of discretionary
government expenditure as a tool for stimulating economic activity at the end of President
Ronald Reagan’s term. Third, the state-dependent relationship experiences a structural break
during the 1980s: NBER recessions are characterised by local peaks in the multiplier values
before the late 1980s, and the relationship is inverted in the subsequent period. Additionally,
we show that, until 1990, interest rate spreads perform well in predicting future shifts in the
multiplier value. These results highlight the need to make a careful consideration of the fiscal
policy’s relationship with the business cycle.

Figure 2: MEDIAN OUTPUT RESPONSE TO AN US$1 GOVERNMENT EXPENDITURE SHOCK
AS FUNCTION OF TIME: OBTAINED VIA A MIXTURE OF SIGNS AND ZERO RESTRICTIONS.
Output response is measured in real US dollars.

11

Figure 2 shows that the time-varying responses of output to a government expenditure
shock exhibit state-dependent behaviour.19 Our approach provides a substantial degree of
time variation along the post-WWII timeline in the US. Unlike Pereira and Lopes (2014), our
estimates depend on the stage of the business cycle. We also observe a significant change in
both the shapes and magnitudes of output responses before and after the late 1980s: negative
output responses to discretionary government expenditure shocks emerge during and after the
global financial crisis.
Most of the heterogeneity in the IRFs arises in the distant horizons. The output response on
impact remains close to unity for the entire sample of years. Concerning the immediate impact,
the government expenditure shocks have a simple Keynesian accounting effect: an extra US$1
worth of government expenditure increases the aggregate demand by roughly the same amount
in the same quarter. The various crowding in and crowding out effects occur in the medium- to
long-term. Having said that, we want to see if these shifts in the long-term effects are conditional
on the stage of the business cycle.
Table 1: . DESCRIPTIVE STATISTICS FOR THE ESTIMATED MULTIPLIER SERIES.

Multiplier

Average

Min

Max

date

value

date

value

Impact

0.97∗∗∗

2017Q4

0.93∗∗∗

1960Q4

1.03∗∗∗

Sum (1-year)

0.89∗∗

2011Q1

0.65∗

1958Q1

1.38∗∗

Sum (2-year)

0.83

2014Q4

0.05

1982Q4

2.23∗

Sum (4-year)

0.78

2009Q2

-0.64

1958Q1

2.29∗

Sum (5-year)

0.77

2014Q4

-0.33

1958Q1

2.35∗

* p < 0.32, ** p < 0.1, *** p < 0.05

Focusing on the multiplier measures, we can see that they do indeed depend on the stage
of the business cycle. Table 1 computes the average, minimum, and maximum values for every
multiplier type estimated using the baseline model. The maximum multiplier value is always
observed during a recession (as defined by NBER). On the one hand, all these maximum multipliers occur during recessions before the late 1980s. On the other hand, the 4-year cumulative
multiplier falls to its minimum value during the global financial crisis. Plotting the estimated
19
In order to maintain clarity, this section focuses on responses of output and resulting multipliers. Similar to
Pereira and Lopes (2014), we focus on the median IRFs to minimise the effect of occasionally unstable draws.
The remaining IRFs can be found in Appendix A
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multipliers over time sheds further light on how this relationship transformed.
Figure 3 presents the estimated path of the impact and cumulative government expenditure
multipliers.20 All the three-multiplier series demonstrate a pronounced decrease after the 1980s.
The 1-year cumulative multiplier almost exclusively falls below the impact value after 1985.
Focusing on the 2-year multiplier, it is evident that more long-term crowding out takes place
at the same time; discretionary government expenditure seems to be especially harmful in
the aftermath of the global financial crisis. In line with Kirchner, Cimadomo, and Hauptmeier
(2010); Pereira and Lopes (2014); and Berg (2015), we conclude that the potential of government
expenditure in stimulating output fell sharply after the 1980s.

Figure 3: PUBLIC EXPENDITURE MULTIPLIERS OVER NBER RECESSION DATES.
Median multiplier values are presented in figure (a). The rest of the figures contain multipliers
along with respective confidence bands, for 2-year (b) and 1-year (c) cumulative multipliers as well as
the impact multiplier (d). Confidence bands are in red, calculated as 16th and 84th percentiles of the
posterior multiplier distributions.

The baseline model successfully estimates the multiplier series that are higher during recessions; however, the estimated relationship has certain limitations. First, the multiplier is
only higher during recessions before the late 1980s. The 2-year cumulative multiplier series
demonstrate spikes around the recessions of 1957–58, 1974–75, and 1981–82. Second, after the
20

The choice of the confidence bands follows the general pattern in the TVP-VAR literature.
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1980s, the relationship changes its direction. During the two most recent US recessions, the
2-year cumulative government expenditure multiplier witnesses a decline. This evidence supports our hypothesis that the mixed results presented by Ramey and Zubairy (2018) may not
be attributed to the fact that fiscal policy does not robustly depend on the stage of the business
cycle but to the fact that such a relationship may not be constant over time. We conclude that
the post-WWII period in the US can be divided into two parts. The first part stretches from the
beginning of our sample to the late 1980s, while the second proceeds until the modern-day. The
relationship between the stage of the business cycle and the fiscal multiplier exhibits opposite
signs in these two periods.
We further confirm that the estimated multiplier values depend on the stage of the business
cycle before the late 1980s, using a forward-looking indicator of economic slack. Spreads between
short-term and long-term interest rates have been widely considered an early-stage predictor
of the US recessions. Such spread represents a mix of market sentiments regarding the future
path of the economy. We seek to determine if the spreads between the federal funds rate and
yields on bonds of different maturities can predict future multiplier values. We obtain five
interest rate spreads from the federal reserve economic database—(a) 10-year treasury constant
maturity minus federal funds rate, (b) 5-year treasury constant maturity minus federal funds
rate, (c) 1-year treasury constant maturity minus federal funds rate, (d) 6-month treasury bill
minus federal funds rate, and (e) 3-month treasury bill minus federal funds rate.

14
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Figure 4: PREDICTABILITY OF CHANGES IN THE 2-YEAR CUMULATIVE MULTIPLIER
VALUE BY THE INTEREST RATE SPREADS.

We project the multiplier value estimated in our baseline estimation on the eight lags of these
spreads. Given that the TVP-VAR coefficients are modelled as random walks, we estimate the
linear regression in first differences. A modelling choice distinguishes our study from both
Kirchner, Cimadomo, and Hauptmaier (2010) and Berg (2015) that perform a similar ex post
estimation in levels. We can see in Figure 4 that lags of yield spreads perform well in predicting
the change in the 2-year cumulative multiplier before 1990. Nonetheless, this relationship seems
negligible in the subsequent period. The fit improves if we limit estimation to observations before
1990.21 Based on these results, we further support the idea that the expenditure multiplier is
counter-cyclical before the late 1980s. The relationship between the multiplier and the stage of
the business cycle experiences a structural break around 1990. We consider how an interaction
with the monetary policy may have caused this structural break in Section VII.B.

VI

Structural shocks and policy anticipation

The results in the previous section should be interpreted with caution. As has been widely
discussed in the recent literature, the information set available to an econometrician may be
21

This result is robust to the case of the multiplier calculated using unanticipated discretionary shocks considered in the next section.
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smaller than that available to a representative market agent. If that is the case, then the
structural shocks estimated by a TVP-VAR model on such limited information sets should be
anticipated by market agents in advance. Ramey (2011) provides evidence that shocks identified using conventional VAR methods do not consider surprise discretionary expenditures; the
author concludes that professional forecasts of government expenditure and war dates Grangercause VAR structural shocks. Mertens and Ravn (2010) investigate the econometric side of the
issue, arguing that if structural shocks are anticipated by the market agents, then the moving
average representation of the VAR may have non-fundamental roots—roots inside the unit circle. Structural shocks identified by such models will represent a linear combination of the true
past and future structural shocks, leading to biased IRFs.

Government Spending Shocks
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Figure 5: FORECASTABILITY OF VAR SHOCKS TO GOVERNMENT SPENDING.

Figure 5 presents the scatter plot of the structural shocks identified by our baseline approach
and the forecasts of government expenditure growth obtained from the Survey of Professional
Forecasters. Based on the estimated slope coefficient, we can conclude that shocks identified by
our model are anticipated by professional forecasters, at least in the previous quarter. Nonetheless, according to the R2 value of 0.0408, forecasters can only anticipate a small fraction of
the variation in our structural shocks.22 In light of the above, we want to investigate how the
22

Mertens and Ravn (2010) argue that the severity of the anticipation issue in estimating conventional VARs
decreases with the decreasing ability of the market agent to anticipate future shocks.

16

estimated multiplier series will change once we account for the timing issue.
Two major approaches allow accounting for the shock anticipation issue. The first approach
uses a narrative shock series, which are unanticipated by construction. In the government expenditure multiplier literature, prominent examples include the Ramey-Shapiro military build-up
dates (Ramey and Shapiro, 1998) and military news of Ramey (2011b), and Ramey and Zubairy
(2018). The second approach uses professional forecasts to purge the anticipated component
out of the shock. Examples include the extensions of Auerbach and Gorodnichenko’s (2012)
ST-VAR model, expectations-augmented TVP-VAR of Berg (2015), unanticipated shock measures of Auerbach and Gorodnichenko (2013); Abiad, Furceri, and Topalova (2016); Arizala et
al. (2017), Furceri and Li (2017), and Furceri et al. (2018). The first approach provides substantial advantages while incurring substantial costs. It is difficult to come across or construct
a good narrative shock measure, and these shocks are often of very specific nature. By way of
example, Ramey-Shapiro dates or the military news of Ramey and Zubairy comprise measures
of military spending shocks. Multipliers calculated for the unanticipated discretionary military
expenditure may not necessarily be a good measure of potency for other types of government
expenditures or the overall government expenditure. In this section, we follow the approach of
Auerbach and Gorodnichenko (2012) and Berg (2015) for extending our TVP-VAR model to
include professional forecasts.
Our approach is different from Auerbach and Gorodnichenko (2012) and Berg (2015) in that
we do not investigate the dynamic effects of expectations in the context of our model. Therefore,
we do not include professional forecasts in the endogenous vector of variables. Conversely, we
aim at only purging our structural shocks from the anticipated component, and therefore control
only for the current forecast made in the previous quarter. This modelling choice is a result of a
necessary compromise between maintaining the validity of the model, in light of the arguments of
Mertens and Ravn (2010) and Ramey (2011), and the additional computational burden owing to
an extension in the size of the TVP-VAR model. As discussed in Auerbach and Gorodnichenko
(2012), the Survey of Professional Forecasters was subjected to numerous revisions; hence, we
follow the authors by using forecasted growth rates instead of levels. Given the limited sample
of observations and the high parametrisation of our TVP-VAR, we choose to exclude forecasts
of government revenues, owing to the unavailability of measure for most of our sample.23 We
23

The longest forecast series for government revenues are available from the University of Michigan’s research
seminar on quantitative economics model, and these only start at 1982.
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also choose to exclude forecasts for the output as we believe that market agents have a limited
ability to anticipate output shocks compared to discretionary fiscal policy shocks. Thus, the
validity of our model will not be affected by such an omission.

Figure 6: GOVERNMENT EXPENDITURE SHOCKS IDENTIFIED BY THE BASELINE MODEL
(RED) AND THE EXTENSION THAT CONTROLS FOR THE PROFESSIONAL FORECASTS
(BLACK), OVER NBER RECESSION DATES.

In order to calculate government expenditure multipliers to an unanticipated government
expenditure shock, we extend our baseline model to include a forecast of government expenditure
growth made in the previous quarter (∆G( t|t − 1)F ) as an exogenous control.24 In doing so, we
purge our government expenditure shocks from the anticipated component and arrive at a model
specification that satisfies the criticism of both Ramey (2011) and Mertens and Ravn (2010).
At this point, it should be mentioned that the inclusion of forecasts in the TVP-VAR will lower
the significance of our results. We expect most of the predicting power of our endogenous lag
polynomial to be mirrored in the professional forecast. We estimate this extension on the same
sample as in Auerbach and Gorodnichenko (2012)—1966Q4—2010Q3. This approach presents
structural shocks that cannot be predicted by professional forecasts. Figure 6 presents the
structural government expenditure shocks from our baseline along with shocks from the model
extension controlling for professional forecasts.
24
We do not include lags of this exogenous control; this is because all the information contained in those
lags, which may be useful in predicting our current structural shock, would have been incorporated in the latest
forecast.
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Table 2: DESCRIPTIVE STATISTICS FOR THE ESTIMATED MULTIPLIER SERIES: THE CASE
OF UNANTICIPATED DISCRETIONARY SHOCKS.

Multiplier

Average

Min

Max

date

value

date

value

Impact

1.23∗∗∗

1984Q2

1.09∗

1975Q2

1.37∗∗∗

Sum (1-year)

0.36

1987Q1

0.02

1975Q1

0.80

Sum (2-year)

0.29

2009Q1

-0.57

1975Q1

0.95

Sum (4-year)

0.36

2008Q4

-0.57

1974Q4

0.85

Sum (5-year)

0.32

2007Q2

-0.39

1975Q1

0.81

* p < 0.32, ** p < 0.1, *** p < 0.05

Controlling for professional forecasts alters our baseline results in the following three ways.
First, there is an increase in impact multipliers; an unanticipated US$1 discretionary government expenditure shock increases output by US$1.23, on an average. Second, all cumulative
multipliers are lower than those in our baseline.25 Third, as is evident from Table 2, maximum
and minimum values of the estimated multipliers shift to different dates. Nonetheless, our main
result holds. The largest multiplier values are observed during the first part of the sample
(before the late 1980s), and the values of the 2-year, 4-year, and 5-year cumulative multipliers
reach the lowest level around the global financial crisis.
Figure 7 presents the dynamics of the estimated multipliers calculated using this extension.
The shift in the state-dependent relationship is also evident in the case of the extension model.
The 1-year and 2-year multiplier series exhibit local peaks coinciding with recessions before the
late 1980s; however, these peaks are substantially less pronounced than those in the baseline
specification. After the 1980s, during the last two US recessions, a prominent decline can be
observed. We can conclude that controlling for policy anticipation does not provide sufficient
basis to challenge the result of the baseline setup—the relationship between the stage of the
business cycle and government expenditure multiplier is not constant over time.
25

Since the cumulative multipliers is a function of the estimated lag polynomial, it is hard to identify what
drives such a decrease. On the one hand, the inclusion of professional forecasts could alter the coefficients of
the endogenous lag polynomial, since both of them capture similar effects. On the other hand, unanticipated
discretionary shocks can, in principle, result in higher crowding out.
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Figure 7: UNANTICIPATED PUBLIC EXPENDITURE MULTIPLIERS OVER NBER RECESSION
DATES.
Median multiplier values are presented in the figure (a). The rest of the figures contains multipliers along with respective confidence bands, for 2-year (b) and 1-year (c) cumulative multipliers as
well as the impact multiplier (d). Confidence bands are in red, calculated as 16th and 84th percentiles
of the posterior multiplier distributions.

VII

Determinants of the multiplier’s dynamics

The expenditure multiplier’s behaviour observed in the previous sections can be driven by a
variety of factors. In this section, we consider two factors—the composition of government ex20

penditure and the interaction with the monetary policy. We conclude that the observed overall
decrease in the multiplier value can be attributed to a change in the non-defence consumption expenditure’s impact. Furthermore, we draw a connection between inflation expectations,
inflation targeting, and the expenditure multiplier.

A. Composition of government expenditure
One of the most apparent reasons for shifts in the multiplier value is the change in the composition of government expenditure. Although the share of government expenditure in the
post-WWII US GDP remained approximately constant, the same may not hold true with regards to its composition.
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Figure 8: THE COMPOSITION OF THE MEASURE OF U.S. GOVERNMENT EXPENDITURE,
DEFINED AS IN BLANCHARD AND PEROTTI (2002).

Figure 8 presents how the composition of the government expenditure changed over time.
The military component fell from approximately 50% in the 1950s to just above 20% in 2018.
Most of this decrease was compensated by an increase in non-defence public consumption. The
share of non-defence consumption has been increasing since the end of the Korean War, reaching
more than half of the total expenditure by the end of the Vietnam War. It further increased
during the terms of George Bush Sr. and Bill Clinton, reaching nearly 60% in the post-Clinton
period. In this section, we compare multiplier estimates for two breakdowns—public investment
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versus public consumption and defence versus non-defence expenditure.26 Appendix B provides
the full set of relevant IRFs as well as details on the significance of the estimates.

Figure 9: IMPACT (A), 2-YEAR (B), AND 1-YEAR (C) CUMULATIVE MULTIPLIERS FOR
UNANTICIPATED DEFENCE AND NON-DEFENCE EXPENDITURE, OVER NBER RECESSION
DATES.

Comparing defence and civilian expenditure, we observe that non-defence spending has a
higher capacity for stimulating real economic activity. As can be seen in Figure 9, civilian
expenditure is associated with higher multipliers during the entire post-WWII period. Both
spending types lead to sufficient crowding out in the long term; the crowding out is more
pronounced in case of the defence expenditure. Since the investment to consumption ratios
in both cases remain approximately the same, we tend to attribute the difference between the
multipliers to the difference in economic implications of the two types of expenditure.27 Indeed,
26

We follow Ilzetski, Medoza, and Vegh (2013) for estimating the effects of separate components of government
expenditure in isolation. We control for policy shocks’ anticipation in our analysis of the components.
27
Between 1967 and 2010, investment expenditure contributed, on an average, 22.8% and 21.3% to the defence
and non-defence expenditures.
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it can be assumed that the construction of roads, railways, or schools has a qualitatively different
effect on the economy when compared to building a new aircraft carrier or a military jet.

Figure 10: IMPACT (A), 2-YEAR (B), AND 1-YEAR (C) CUMULATIVE MULTIPLIERS FOR
UNANTICIPATED CONSUMPTION AND INVESTMENT EXPENDITURE, OVER NBER RECESSION DATES.

However, public investment and consumption multipliers significantly differ in size and evolution over time, as can be seen in Figure 10. Government investment has a higher effect on the
output on impact: an extra US$1 worth of investments in the public stock of capital increases
the GDP by approximately US$3 within the same quarter. Nevertheless, the consumption
multiplier remains between zero and unity for the entire period under analysis. The picture
drastically changes once we consider longer horizons. Public investment remains higher than
unity and steadily increases almost until the global financial crisis hits the economy.28 The
long-term consumption multiplier demonstrates volatile behaviour. In case of the 2-year cumulative multiplier, we observe values higher than unity before the early 1980s, after which the
28
The subsequent fall during the global financial crisis may be caused by lower public investment efficiency.
Abiad, Furceri, and Topalova (2016) show that public investment shocks in advanced economies can have a low
effect on output if investment efficiency is low.
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multiplier falls substantially and reaches its lowest value during the recession of the early 1990s.
It remains negative for almost the entire remainder of the sample.
We believe that the fall observed in the baseline multiplier estimates emerges from a shift
in output implications of discretionary non-defence consumption expenditure. This is deducted
on the basis of the fall in consumption multiplier estimates as well as the pronounced dip in
the non-defence expenditure multiplier before the 1980–1990 period. The fact that non-defence
consumption has been rising as a share of total government expenditure only supports this idea.

B. Fiscal-Monetary nexus
Although the increasing proportion of non-defence consumption expenditure can lead to diminishing returns on additional US dollar spent on non-defence consumption, this fact on its own
can hardly explain the shift in the relationship between the multiplier value and the stage of the
business cycle observed after the late 1980s. The Reagan period was characterised by a gradual
fall in interest rates and a decline in the price level. The strong commitment of Paul Volcker’s
Federal Reserve to inflation targeting, which took place in the 1980s, may provide a possible
explanation.

Figure 11: 2-YEAR CUMULATIVE UNANTICIPATED GOVERNMENT EXPENDITURE MULTIPLIER AND PERSONAL CONSUMPTION EXPENDITURE INFLATION RATE.

As can be seen in Figure 11, the post-1980 period did not experience severe inflationary
episodes. The inflation rate gradually decreased to the proximity of 1.5-3%, and remained
there for the remainder of the sample. The forward guidance policy was extremely efficient in
anchoring long-run inflation expectations in that period. Interestingly, we do not observe severe
24

inflation hikes around recessions after the 1980s, although we observe them before this period.
The monetary-fiscal nexus often emphasises the role of the central bank in managing inflation
expectations. By committing to maintaining stable inflation, the Federal Reserve can reduce
the uncertainty associated with future price fluctuations and potentially eliminate any feedback
between the size of fiscal policy’s impact and inflation.
Anchored inflation expectations can be related to the failure of interest rate spreads in
predicting future multiplier values after 1990, as discussed in Section V. Long-term interest rates
depend on the future expected inflation and, therefore, on the expected path of the monetary
policy. A change in the monetary policy regime can lead to a change in the decision-making
process of market agents, captured by the interest rate spreads. Although the fundamental shift
in how the Federal Reserve treated inflation is believed to have taken place in the late 1979,
when Paul Volcker became the chairman of the Federal Reserve, explicit inflation target was not
discussed in the Federal Open Market Commission meetings until around 1994 (Shapiro and
Wilson 2019). In the early 1990s, the Federal Reserve decided to switch from the vague goal of
‘price stability’ to an explicit inflation target. This period coincides with the time interest rate
spreads lose the ability to predict multiplier fluctuations.
The two ways in which the introduction of inflation-targeting can affect the potency of the
fiscal policy are by restricting the expected inflation channel of fiscal policy and by neutralising
the government’s ability to benefit from an invisible inflation tax. The expected inflation channel allows a government expenditure shock to increase inflation expectations if the monetary
authority remains passive. Dupor and Li (2015) construct a sticky-price model that produces
a large government expenditure multiplier if expected inflation response to a government expenditure shock is high. Such a response is only possible if monetary policy remains passive in
targeting inflation. Alternatively, episodes of high inflation can benefit the fiscal authority if
the discretionary expenditure is debt-financed. Higher inflation can diminish the real costs of
borrowing since there will be a decline in the real bond values to be repaid. In this way, severe
inflationary episodes can partially eliminate the debt burden raised by the government through
an invisible inflation tax.
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VIII

Conclusion

The recent empirical contributions tend to question whether the government expenditure multiplier depends on the stage of the business cycle. This study provides evidence that the highly
non-linear nature of this relationship leads to a failure of its discovery. We find that fiscal multipliers were higher during recessions, but only before the late 1980s. In the subsequent period,
we observe lower multiplier values during recessions, as identified by the NBER. This result
suggests that econometric set-ups that aim at capturing the average difference in the multiplier
value between the stages of the business cycle may produce misleading results. Our results are
robust to controlling for the anticipation of fiscal policy shocks.
In line with previous contributions, we conclude that discretionary government expenditure
became less potent in stimulating the output after the 1980s, coinciding with the start of the
great moderation and the introduction of explicit inflation-targeting in the US. We show that
this fall emerges from the shift in the non-defence government consumption multiplier. We
further elaborate on the possibility that the commitment to active and transparent inflationtargeting may have played a crucial role in the behaviour of the multiplier observed after 1980s;
further research is needed to assess the correctness of this hypothesis.
We believe that the evidence provided in this paper highlights the necessity to identify a
monetary explanation for the shift in the multiplier’s behaviour after the late 1980s. Further
research is needed to shed light on how inflation expectations and explicit inflation-targeting
can be connected to the state-dependent nature of the multiplier.
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Appendices
A

Estimation Results

Figure 12: BASELINE ESTIMATION. MEDIAN RESPONSES TO DISCRETIONARY GOVERNMENT EXPENDITURE SHOCKS AS FUNCTIONS OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 government expenditure shock. Responses are measured in real U.S. dollars.
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Figure 13: BASELINE ESTIMATION. MEDIAN RESPONSES TO TAX SHOCKS AS FUNCTIONS
OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 tax shock. Responses are measured in real U.S. dollars.
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Figure 14: BASELINE ESTIMATION. MEDIAN RESPONSES TO OUTPUT SHOCKS AS FUNCTIONS OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 output shock. Responses are measured in real U.S. dollars.

32

Figure 15: UNANTICIPATED POLICY SHOCKS. MEDIAN RESPONSES TO GOVERNMENT
EXPENDITURE SHOCKS AS FUNCTIONS OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 unanticipated government expenditure shock. Responses are measured in real U.S. dollars.
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Figure 16: UNANTICIPATED POLICY SHOCKS. MEDIAN RESPONSES TO TAX SHOCKS AS
FUNCTIONS OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 tax shock. Responses are measured in real U.S. dollars.
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Figure 17: UNANTICIPATED POLICY SHOCKS. MEDIAN RESPONSES TO OUTPUT SHOCKS
AS FUNCTIONS OF TIME.
Government expenditure response (a), net taxes’ response (b), and output responses (c) to a
US$1 output shock. Responses are measured in real U.S. dollars.
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B

Components of Government Expenditure

Figure 18: MEDIAN RESPONSES TO DEFENCE EXPENDITURE SHOCKS AS FUNCTIONS OF
TIME.
Defence government expenditure response (a), net taxes’ response (b), and output responses (c)
to a US$1 unanticipated defence expenditure shock. Responses are measured in real U.S. dollars.
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Figure 19: MEDIAN RESPONSES TO NON-DEFENCE EXPENDITURE SHOCKS AS FUNCTIONS OF TIME.
Non-defence government expenditure response (a), net taxes’ response (b), and output responses
(c) to a US$1 unanticipated non-defence expenditure shock. Responses are measured in real U.S.
dollars.
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Figure 20: UNANTICIPATED DEFENCE AND NON-DEFENCE EXPENDITURE MULTIPLIERS
OVER NBER RECESSION DATES
Multipliers along with respective confidence bands, for defence (left) and non-defence (right)
government expenditure. Confidence bands are in red, calculated as 5th and 95th percentiles of the
posterior multiplier distributions.
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Figure 21: MEDIAN RESPONSES TO PUBLIC INVESTMENT EXPENDITURE SHOCKS AS
FUNCTIONS OF TIME.
Government investment expenditure response (a), net taxes’ response (b), and output responses
(c) to a US$1 unanticipated government investment expenditure shock. Responses are measured in real
U.S. dollars.
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Figure 22: MEDIAN RESPONSES TO PUBLIC CONSUMPTION EXPENDITURE SHOCKS AS
FUNCTIONS OF TIME.
Government consumption expenditure response (a), net taxes’ response (b), and output responses (c)
to a US$1 unanticipated government consumption expenditure shock. Responses are measured in real
U.S. dollars.
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Figure 23: UNANTICIPATED INVESTMENT AND CONSUMPTION EXPENDITURE MULTIPLIERS OVER NBER RECESSION DATES
Multipliers along with respective confidence bands, for government investment (left) and consumption (right) expenditure. Confidence bands are in red, calculated as 5th and 95th percentiles of
the posterior multiplier distributions.
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C

Data Preparation and Sources

This study introduces Hamilton’s (2018) detrending procedure to the fiscal multiplier debate.
The procedure makes use of a linear projection model, similar in spirit to direct forecasting or
Jorda’s (2005) local projection method:
vt+h ∼ i.i.d.N (0, σ 2 )

yt+h = B(L)yt + vt+h ,

(7)

where B(L) is the lag polynomial of the variable being detrended (yt ), h is the prediction horizon
and vt+h is an i.i.d. error term. In the case of the quarterly data, Hamilton (2018) recommends
to set h = 8 and estimate the model with a lag polynomial of order 4. Resulting series of
residuals (vt+h
ˆ ) would then represent a stationary zero-mean cyclical component. In essence,
the method identifies the cyclical component as the forecast error that is due to macroeconomic
developments taking place along those eight quarters.
Hamilton’s (Ibid) method has several advantages over alternative detrending procedures.
First, it produces a non-linear trend estimate without the necessity to guess the functional
form of such non-linearity. Second, due to the peculiarities of the method, it allows the trend
to be influenced by macroeconomic events taking place in the past; as can be seen in Figure
24, the trend estimate experiences a pronounced dip in the aftermath of the global financial
crisis.29 Third, as argued by Hamilton (Ibid), the method does not produce spurious correlations
between the resulting cyclical components and other macroeconomic series, as in the case of the
Hodrick and Prescott (HP) filter. Fourth, it produces stationary series in levels. Estimating
the TVP-VAR on such data allows us to interpret resulting IRFs as multipliers, not elasticities.
Therefore, without the need to resort to the use of growth rates, this approach allows us to
avoid the rescaling bias described in Ramey and Zubairy (2018). Finally, the method allows us
to preserve a larger share of low-frequency variation in the target series.
29

One would be surprised if an event such a the global financial crisis had not affected the potential output or
shifted the economy to a new growth path.
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(b) Linear trend
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(c) HP filter ( = 1,600)
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Figure 24: DETRENDING PROCEDURES AND RESULTING TRENDS.
Observed US real per capita public expenditure (Investment+Consumption) along with trends
produced by the Hamilton’s linear projection technique (a), linear trend estimation (a) and the
Hodrick-Prescott filter at λ = 1, 600 (c).

Figure 25 presents the cyclical components of the real per capita GDP derived using Hamilton’s method, HP filter and by removing a simple linear trend; to support the analysis we
also plot first differences of the data and recession dates identified by NBER along with the
cyclical components. First differences lack a significant share of the lower-frequency variation
that contains crucial information necessary for correct fiscal policy evaluation.30 Removal of the
30

This is precisely the reasoning used by Auerbach and Gorodnichenko (2012) to justify estimation of their
ST-VAR in levels
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linear trend produces a cyclical components that does not revert to its mean for long periods
of time; TVP-VAR models can be sensitive to the use of such time series. The cyclical component obtained using Hamilton’s method delivers a compromise. The method preserves the
mean-reverting nature of the series and allows for a sufficient share of low-frequency variation.

Figure 25: TRANSFORMATIONS OF GDP AND LOW FREQUENCY VARIATION.
Figure presents first differences of GDP, cyclical components obtained using the HP filter and
Hamilton’s method, and GDP without a linear time trend. Shaded areas are recessions defined by the
NBER.
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Forecast of public expenditure growth rate
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GS10 − DF F
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∆Gt|t−1
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Transformation and codes

FRED

FRED

FRED

FRED

FRED

FRED
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BEA, FRED

BEA, FRED

BEA, FRED

BEA, FRED

BEA, FRED

Source

AG12 - Auerbach and Gorodnichenko (2012).

T xLy is the format used to denote a BEA NIPA Table x line y. BEA - Bureau of Economci Analysis, FRED - Federal Reserve Economic Database,

* Real per capita terms

Sample

Variable

Table 3: DATA TRANSFORMATIONS AND SOURCES.

D

Fiscal VAR and Cholesky factorization.

Cholesky decomposition, used in Auerbach and Gorodnichenko (2012) and Ramey (2011b),
although being the least cumbersome identification approach, is misleading in its application to
a fiscal VAR where tax revenues are used instead of marginal tax rates. Although the resulting
shock series are assumed to be independent, the immediate effect of the shock ordered first on
the variable ordered last will contain immediate effects of shocks ordered in between. It is,
therefore, crucial to ensure that shocks ordered in between are identified correctly.
Imposing a lower-unitriangular structure on the contemporaneous relations in [Gt Tt Yt ]
assumes that only innovations in Tt can contemporaneously affect Yt , and not the other way
around. Although such an approach seems to be justified in the case of discretionary government
expenditure or marginal tax rates, it is not clear why output shocks cannot affect tax revenues
in the same quarter. Let us consider a generic SVAR model with three endogenous variables:
(8)

εt ∼ N (0, Θ)

Yt = A0 Yt + B(L)Yt−1 + εt ,

where Θ is diagonal. The model in (8) has a reduced form representation:
Yt = A(L)Yt−1 + ut ,

(9)

ut ∼ N (0, Ω)

where Ω is a full symmetric matrix, that can be decomposed in a product of lower-unitriangular
and diagonal matrices.
Ω = P 0 P = CΣΣ0 C 0
where the lower unitriangular matrix C contains the immediate responses of endogenous variables to the structural shocks. It is well known that the following relationship holds in this
set-up:
C = (I3 − A0 )−1
Alternatively we can represent elements of C as functions of elements of A0 :



0

0

0





A0 = α21 0 0
α31 α32 0



1

0

0





C=
α21
1 0
α31 + α21 α32 α32 1

Now let us return to the Auerbach and Gorodnichenko (2012) case; the immediate output
response to a tax shock is given by α32 . It is equivalent to the coefficient of current net taxes
in the output equation in (8). Therefore, it is impossible to constitute the direction of causality
between output and taxes, as the coefficient can represent effects in both directions. The full
set of restrictions imposed by Cholesky ordering is not sufficient to identify the tax shock.
Restricting the reverse channel, discussed above, results in the α32 coefficient representing a
mix between the two effects. That is precisely why Auerbach and Gorodnichenko (2012) had
to rely on the elasticity measure defined by Blanchard and Perotti (2002) instead of depending
solely on Cholesky in calculating IRFs to a tax shock, as they did with government expenditure
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shock. Figure 26 presents the time-varying response of output to a tax shock, the equivalent of
α32 in our setup, identified via Cholesky decomposition; it is clear that the shock is not identified
correctly. The immediate response captures the positive effect of output on the tax base, instead
of the negative effect of the tax rate on output. Moreover, as it is evident from the matrix C
above, α32 enters the calculation of the response of output to a government expenditure shock.
Thus, one should not rely on the output responses identified using Cholesky in the Auerbach
and Gorodnichenko (2012) setup, even if only output responses to a government expenditure
shock are being investigated.

Figure 26: IMMEDIATE OUTPUT RESPONSE TO A TAX SHOCK OVER TIME.
Obtained using Cholesky decomposition.

Sign restrictions (e.g. Mountford and Uhlig 2009; Canova and Pappa 2007) or ”narrative”
(IV/Proxy) identification (e.g. Mertens and Ravn 2014; Stock and Watson 2012; Stock and
Watson 2018; Montiel Olea, Stock and Watson 2012; Mumtaz, Pinter and Theodoridis, 2018)
should be preferred to a simple Cholesky decomposition in case of a fiscal VAR with tax revenues
ordered after government expenditure.

E

Identification via the mixture of short-term zero and sign
restrictions

Our choice of the identification strategy, depicted in (6), constitutes an alternative way to solve
the rebus discussed in Blanchard and Perotti (2002) and Perotti (2007). Following the authors,
let us assume that the reduced form shocks identified by our TVP-VAR are linear functions
that can be expressed by the system of equations below:
gy Y
gt T
G
uG
t = αt ut + βt εt + εt
T
uTt = αtty uYt + βttg εG
t + εt

uYt

=

αtyg uG
t

+

αtyt uTt

+

(10)

εYt

gy
T
Y
G T
Y
where uG
t , ut , and ut are reduced form shocks and εt , εt , and εt are structural shocks. αt and

αtty capture the automatic response of the fiscal variables to changes in output (the automatic
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stabiliser effects) and the systematic discretionary response of fiscal variables to changes in
output. We are interested in estimating the IRFs to the random discretionary shocks, in our
case we focus on εG
t . In order to solve the above system of equations we need to impose a set
of assumptions.

1. Following Blanchard and Perotti (2002) we assume αtgy = 0. Such an assumption implies

no automatic nor systematic discretionary responses of government expenditure to developments in output.31 Since our set-up rests on Blanchard and Perotti (Ibid) we rely on
their results on the role of automatic stabilisers; authors were not able to identify any
automatic feedback from economic activity to government purchases.

2. Another restriction inspired by Blanchard and Perotti (Ibid) is that β gt = 0. Authors argued that either βtgt or βttg should be set to zero; since the correlation between government
expenditure and net taxes is low, both restrictions produced similar results.

3. αtty is positive. Allowing αtty to be non-zero we imply that output shocks can affect net

taxes through the tax base. Since we set it to be positive, we believe that a positive
shock to output will expand the tax base and vice verse. Blanchard and Perotti (Ibid)
directly estimate the coefficient as a function of two elasticities–elasticity of taxes to their
respective tax bases and elasticity of the tax bases to GDP. Average value of αtty , estimated
on various sub-samples, remained positive.32

4. αtyt is negative. Blanchard and Perotti (Ibid) estimate a time-invariant coefficient directly

for two cases–deterministic and stochastic trends. In both cases, the coefficient is negative
and equals to -0.868 and -0.876, respectively.

Given the above-mentoned assumptions, we can show that the system in (10) can be represented
as:
G
uG
t = εt

uTt

=

uYt =

αtty αtyg + βttg

G
ty yt εt
1 − αt αt
αtyt βttg + αtyg G
εt
1 − αtty αtyt

+
+

1

1
1

T
ty yt εt
− αt αt
αtyt
εTt
− αtty αtyt

+
+

αtty
1−

Y
ty yt εt
αt αt

1
1 − αtty αtyt

εYt

For simplicity, let us use the following matrix notation:


 11
  G
ct
0
0
εt
 T   21 22 23   T 
 ut  = ct ct ct   εt 
uG
t

uYt



c31
c32
c33
t
t
t

εYt

If αty is positive and αyt is negative, then c22 and c33 are both positive time-varying coefficients.
These assumptions also imply that c32 is negative and c23 is positive. It is not necessary to
31

The absence of a systematic discretionary response is a consequence of the policy implementation lag; the
policy-maker will need at least a quarter to come up and execute a discretionary government expenditure package
in response to a surprise recession.
32
Authors acknowledged that they focused on an average value of αtty , while in reality, it should vary over time;
our approach allows accounting for that.
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impose the latter assumption, since imposing the former already results in c23 being positive;
we show this in Figure 27 below. Finally, c11 is positive by definition. Our set of assumptions
is not sufficient to identify signs of c21 and c31 .
This set of assumptions leaves us with an underidentified system and a partial understanding of coefficients’ signs. We solve the system using a mixture of sign and short-term zero
restrictions. We follow the technique described in Binning (2013) to identify structural shock
with the following set of restrictions on the impact matrix:
εG
t

εT
t

εY
t



+

0

0

T0 



×

+


×

Y0

×

−

+

G0

Zt =


(11)

As depicted by our identification framework in (6), we allow for effects in both directions–output
shocks affect tax revenues via the tax base, and tax shocks affect output by changing the tax
rates. In doing so, we only restrict the contemporaneous response of output to a tax shock to
be negative, without assuming any sign for the reverse channel. As can be seen in Figure 27, we
do not need to impose the second restriction as our approach delivers contemporaneous effects
of opposite signs.

Figure 27: IDENTIFICATION OF THE TWO-WAY CHANNEL BETWEEN TAXES AND OUTPUT.
Immediate responses of net taxes to an output shock (a) and output to a net tax shock (b) as
functions of time. Obtained using the baseline identification strategy.
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F

Model setup

The overall methodology used in this paper follows the setup of Eisenstat, Chan and Strachan
(2016). The model in (1)-(3) can be transformed into:
1

Yt = Xt α + Xt ΦΩ̃ 2 γt + Σt ut ,
γt = γt−1 +

vt∗

ut ∼ N (0, I)

(12)

vt∗

(13)

∼ N (0, I)

(14)

θt ∼ N (0, W )

log(σt ) = log(σt−1 ) + θt

where α contains coefficients from a time-invariant version of the VAR, Ω̃ 2 and Φ are obtained
1

from a factorization of the variance covariance matrix Ω and γj,t = (βj,t − αj ) /ωj for j =
1, . . . , m. The above model can be broken down into N separate state space representation
models and estimated recursively using the Gibb’s sampler. γt and σt are estimated via following
state-space representation models:
Model 1:
Ỹt = Wt γt + εt
(15)

γt = γt−1 + vt∗
Model 2:
0
ε∗∗
t = 2 × log(σt ) + log(ut ut )

(16)

log(σt ) = log(σt−1 ) + θt

where Ỹt = Yt − Xt α and Wt = Xt Ω̃ 2 Φ. Model 1 is a linear Gaussian state space representation
1

model, thus, it can be solved using the Carter & Kohn (1994) approach. Model 3, on the other
hand, is a linear but non-Gaussian state space representation model. It is solved via the Kim
et al. (1998) approach, which uses the fact that log(ut u0t ) has a χ21 distribution, which can be
approximated by the mixture of log-normals.

The variance covariance matrix W from the state equation is sampled from IW(W̄ −1 , T̄ ):
Q̄ = W + ΣTt=1 θt θt0
T̄ = T + T
α and Φ are estimated using simple linear regression techniques. In case of Φ, equation (1) is
further rearranged into:
(17)

Yt∗ = Zt φ + et

where φ contains all the non-zero off-diagonal elements of Φ, Yt∗ = Yt − Xt α − Xt Ω̃ 2 γt , Zt =
1

Xt Ω̃ 2 Ft and Ft is defined as:
1
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0

0

...



0

 0

γ1,t

0
.
.
.
0




..
0


.
Ft =  0 γ[1,...,2],t

 .

..
 ..

.
0


0
0
...
0 γ[1,...,m−1],t
ω is obtained by defining:



Y1
 . 
. 
Y =
 . ,
YT




X1
 . 
. 
X=
 . ,
XT




γ1
 . 
. 
γ=
 . ,
γT




ε1
.
.
ε=
.
εT

and re-arranging (12) into:
(18)

vj = gj ωj + ε

where vj = Y − Xα − G\j ω\j , gj denotes the jth column of G, G\j denotes a T n × (m − 1)
matrix obtained by deleting the jth column from G, ω\j is ω with the jth row removed and G
is Gt = Xt diag(γt ) stacked in a similar way as above:



G1
 . 
. 
G=
 . 
GT
ω is then sampled from a conditional posterior density that follows a 2-component mixture of
truncated normals:
p(ωj |Y, α, γ, ω\j , Σ, τ, λ) = π̂j φ(−∞,o) (ωj |µj , τj2 ) + (1 − π̂j )φ(0,∞) (ωj |µ̂j , τ̂j2 )
τj2 and λ are sampled in the same manner as in Belmonte, Koop and Korobolis (2014):
s
(τj−2 |λ, ωj ) ∼ IG

λ2
,2
(ωj − µj )2

!



1 m 2
(λ |τ ) ∼ G λ01 + m, λ02 + Σj=1 τj
2
2

For further peculiarities, please refer to Eisenstat, Chan and Strachan (2016), FruhwirthSchnatter and Wagner (2010) and Belmonte, Koop, and Korobolis (2014).
Overall, the Gibb’s sampler procedure takes the following from:
1. Draw α from p(α|Y T , γ T , ΣT , W, ω, τ, λ, Φ);
2. Draw γ T from p(γ T |Y T , α, ΣT , W, ω, τ, λ, Φ);
3. Draw ΣT from p(ΣT |Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
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4. Draw W from p(W |Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
5. Draw ω from p(ω|Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
6. Draw τ from p(τ |Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
7. Draw λ from p(ω|Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
8. Draw Φ from p(Φ|Y T , α, γ T , ΣT , W, ω, τ, λ, Φ);
The methodology in use requires specification of prior distributions. Standard independent
priors are assumed for:
α0 ∼ N (0, Im )
β0 ∼ N (0, Im )
Σ0 ∼ N (0, In )
A Tobit prior for ω:
ωj∗ ∼ N (0, τj2 )

0
if ωj∗ ≤ 0
ωj =
ω ∗
if ωj∗ > 0
j
A Lasso prior for tau2j :
τj2


∼E

λ2
2



λ2 ∼ G(0.1, 0.1)

W ∼ IW(n + 11, 0.012 (n + 11 − n − 1)In )

52

