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AbstractWe assess whether the e�ects of �scal policy depend on the extent

of uncertainty in the economy. Speci�cally, focusing on tax shocks, identi�ed

by the narrative series by Romer and Romer (2010), and various measures of

uncertainty, we use a Threshold VAR model to allow for dependence of the

e�ects of the tax shocks both on the level of uncertainty and on the sign of the

shock. Our two main empirical results are that the economy responds more

positively to tax cuts during periods of low uncertainty, while, in response

to tax increases, monetary policy contributes signi�cantly in making the re-

action of the economy neutral during more uncertain times. We also show

that existing theoretical models can explain, to a good extent, this empirical

evidence.
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1 Introduction

The debate on the e�ects of �scal policy has been revamped by the �nancial

crisis and subsequent global recession, with a number of papers suggesting

that the size of �scal multipliers can be dependent on economic conditions.

The recession has also stimulated interest in the study of uncertainty, which

is increasingly looked at as a fundamental factor in shaping economic agents'

behavior, with an increasing body of literature trying to estimate the im-

pact of uncertainty shocks on the economy, as well as to theoretically explain

why changes in uncertainty may be a driver of the business cycle. Naturally,

economic policy and uncertainty interact and this paper focuses on this in-

teraction. Speci�cally, we assess whether and to what extent the e�ects of

tax shocks depend on the amount of uncertainty in the economy, whether

this relationship is the same for expansionary and contractionary tax shocks,

and whether monetary policy has an impact on the �scal policy - uncertainty

interaction.

The literature on �scal policy and on uncertainty is vast, and the main rel-

evant references for our paper are examined in Section 2. Here we would like to

mention a few papers that are closest to our analysis. Aastveit, Nativik, and

Sola (2013) explore whether uncertainty in�uences the transmission and the ef-

fects of monetary policy. They �nd that monetary policy is much less e�ective

in periods of high uncertainty, consistently with real-options models, such as

McDonald and Siegel (1986). Pellegrino (2015), using a di�erent econometric

methodology, arrives to similar results: monetary policy shocks are less e�ec-

tive during uncertain times. Callegari, Cimadomo, and Ricco (2016) focus on

the �scal side, investigating the time-varying e�ects of government spending

shocks on aggregate variables. They �nd that the strongest e�ects of gov-

ernment spending shocks on GDP occur during less uncertain times and that

the main channel through which this happens is the increase of private invest-

ments, consistent, e.g., with the option value theory by Bernanke (1983). No

papers, to our knowledge, consider the tax policy - uncertainty relationships,

on which we focus.
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A key issue is the de�nition of the tax policy and of uncertainty. Following

studies such as Mertens and Ravn (2010), Favero and Giavazzi (2012), and

Mertens and Ravn (2013), we use tax shocks identi�ed by the narrative series

of Romer and Romer (2010). By examining the documents on the decisions of

the US Congress about �scal issues, Romer and Romer (2010) are able to break

down overall changes in government revenues into four components, including

spending-driven tax changes, countercyclical tax changes, de�cit-driven tax

changes, long-run growth tax changes. The �rst two categories are endoge-

nous to the current situation of the economy, while the last two categories

can be considered as exogenous tax changes. These exogenous tax changes

can be treated as orthogonal structural shocks in VARs, and used to identify

the impulse response of output to tax shocks. Other studies, reviewed in Sec-

tion 2, adopt di�erent de�nitions of tax shocks, generally based on structural

VAR models identi�ed with various methodologies (e.g., external instruments

in Blanchard and Perotti (2002) or sign restrictions in Mountford and Uhlig

(2009)).

As for tax policy, there is no unique de�nition of uncertainty, though there

is consensus that uncertainty shocks are related to an increase in the volatil-

ity of one or a set of economic variables. Following Jurado, Ludvigson and

Ng (2015, JLN), we measure uncertainty as the common component in the

volatilities of forecast errors for a large set of macroeconomic indicators. We

think this is the concept of uncertainty that matters most in our context, as

it relates to the di�culty in predicting the future broad macroeconomic con-

ditions. Other measures based on the dispersion of the SPF forecasts (see e.g.

Rossi and Sekhposyan (2015) - results of robustness checks in Appendix - and

Callegari, Cimadomo and Ricco (2016)) or of �rms' characteristics (see e.g.

Bloom et al. (2012)) are narrower, though typically they tend to provide a

similar assessment of the uncertainty conditions.1 Yet other uncertainty mea-

1Callegari, Cimadomo, and Ricco (2016) use the Survey of Professional Forecasters for
both the identi�cation of unanticipated government spending shocks and for the creation of
a new, very speci�c, measure of uncertainty. The extension of their analysis to tax shocks
has the main di�culty that the SPF is not available for government revenues, so that both
the identi�cation scheme and the uncertainty measure they propose are not replicable.
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sures are based on the appearance of speci�c terms in newspapers articles (see

e.g. Baker et al. (2016)). These measures try to capture the agents' percep-

tion of future developments of the economy, with particular reference to lack of

clarity, for example, on government �scal and trade policy or to increased am-

biguity about the monetary policy changes. As such they can be also relevant

in our context, and indeed we assess (results in the Appendix) the robustness

of our results to the use of the Baker et al (2016) Economic Policy Uncer-

tainty index, �nding only few di�erences. A third class of measures focuses on

�nancial uncertainty. The VIX is a well-known example, but forecast based

measures similar to those proposed by JLN for macroeconomic uncertainty

can be also constructed, see, e.g. Ludvigson, Ma, Ng (2016, LMN). We think

�nancial uncertainty is too narrow and too volatile to be the best measure in

our context, but we also check its performance.

Another key choice concerns the econometric methodology to be used to

study the �scal policy - uncertainty interaction. A linear speci�cation is clearly

not su�cient in our context. In the set of non-linear models, we need to �nd one

that allows for uncertainty dependent parameter time variation and, possibly,

sign asymmetries in the e�ects of tax shocks, while remaining computationally

doable and economically interpretable. In line with the literature studying

nonlinear policy e�ects over the business cycle or under di�erent credit condi-

tions, see e.g. Auerbach and Gorodnichenko (2012), we use a Threshold VAR

(TVAR) model, with the uncertainty measure as transition variable. Following

the speci�cation and identi�cation strategy designed by Favero and Giavazzi

(2012), in the TVAR we insert the narrative shocks isolated by Romer and

Romer (2010) as exogenous structural shocks to tax revenues. According to

Favero and Giavazzi (2012), the resulting model reconciles the evidence com-

ing from the narrative approach, which typically found large e�ects of tax

shocks, with that from the Structural VAR literature, in particular from Blan-

chard and Perotti (2002), where the magnitude of the impact of a tax shock

on output was much weaker.

Empirically, we �nd that our uncertainty TVAR model with sign nonlin-

earity has a better �t than a model using the business cycle conditions as a

3



conditioning variable, as in Auerbach and Gorodnichenko (2012). Quantita-

tive assessment of nonlinearity via Olivei and Tenreyro (2010) tests con�rms

that, in the model with sign nonlinearity, the reaction of the economy is sta-

tistically di�erent across uncertainty regimes, considering either expansionary

or contractionary tax shocks, and that relevant sign nonlinearity exists also

when considering shocks occurring in periods of high macroeconomic uncer-

tainty. In particular, we �nd that the economy reacts more negatively to a

tax increase when ex-ante macroeconomic uncertainty is high and, on the con-

trary, tax expansions are more e�ective in stimulating the economy in periods

of low uncertainty. Also, we �nd that monetary policy e�ectively counteracts

contractionary tax shocks in the high-uncertainty regime, making the impact

of shocks more similar across regimes. As a further check, we �nd that, even

though macroeconomic uncertainty is related to business cycle conditions, our

results are not driven by business cycle movements, since previous �ndings are

fully robust to the use, as threshold variable, of the residuals of the regres-

sion of macroeconomic uncertainty on Auerbach and Gorodnichenko (2012)

business cycle proxy.

Our �ndings �t very well, especially in the case of expansionary shocks,

with theoretical models linking uncertainty to investment and hiring decisions

by �rms (Bernanke (1983), McDonald and Siegel (1986), Bloom (2009), Bloom

et al. (2012)) and to precautionary savings on the consumers side (Basu and

Bundick (2017), Fernandez-Villaverde, Guerron-Quintana, Rubio-Ramirez and

Uribe (2011)): agents respond more mildly to positive policy stimuli because

they adopt a wait-and-see or precautionary behavior. In the case of tax in-

creases in periods of low macroeconomic uncertainty, agents may be willing

(tax increases seem temporary in this regime) and able (limited �nancial fric-

tions) to smooth consumption and maintain investment, while they may not be

able to do so in the high-uncertainty regime, typically associated with tighten-

ing of the credit conditions to households and �rms (Arellano, Bai and Kehoe

(2016), Gilchrist, Sim, and Zakrajsek (2014)).

The remainder of the paper is structured as follows. In Section 2 we re-

view the main related literature. In section 3, we introduce the econometric
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framework, the identi�cation strategy, and the model's speci�cations. In Sec-

tion 4 we present the empirical results and relate them to economic theory.

In Section 5 we present the results of the robustness analyses studying the

e�ects of the inclusion of a monetary policy variable in the speci�cation, the

degree with which business cycle movements a�ect our results, the role of the

uncertainty measure, the estimaton with an adaptation of the 3SLS estimator

by Judge et al. (1980), to also allow for changes in the variance-covariance

matrix of the shocks, and supplementary results including GIRFs. In Section

6 we summarize and conclude. An appendix contains additional results and

robustness checks.

2 Literature Review

Our paper is at the crossing of at least three di�erent strands of literature.

The �rst one refers to the impact of �scal policy, and in particular of tax

shocks, on the main economic aggregates. The second one studies the nonlinear

propagation of shocks across regimes identi�ed by a speci�c driving variable.

The third strand, instead, focuses on the impact of uncertainty shocks on

economic aggregates and on the implications for policy transmission. In the

following subsections we brie�y review the main contributions related to our

analysis in each area.

2.1 Fiscal Policy

As to the literature on the impact of �scal policy on macroeconomic aggregates,

one of the most in�uential papers is by Blanchard and Perotti (2002), who

exploit the characteristics of the U.S. institutions in order to impose a recursive

identi�cation structure to their �scal VAR.

A second very in�uential paper in the �eld of �scal policy, and in particular

of tax shocks, is Romer and Romer (2010), who employ the so-called narra-

tive approach. By examining the documents on the decisions of the Congress

about �scal issues, they are able to break down overall changes in govern-

ment revenues into four components, including spending-driven tax changes,

countercyclical tax changes, de�cit-driven tax changes, long-run growth tax

changes. The �rst two categories are de�ned as endogenous to the current

5



situation of the economy, while the last two categories are considered as ex-

ogenous tax changes. Then they use, in a single equation framework or in a

small scale VAR, the exogenous tax changes as orthogonal shocks to identify

the impulse response of output to tax shocks 2.

A third identi�cation approach for �scal VARs is the one proposed by

Mountford and Uhlig (2009), who use sign restrictions to identify both tax

and government spending shocks.

Favero and Giavazzi (2012) aim at reconciling evidence from di�erent iden-

ti�cation strategies. They show that, by using the narrative shocks by Romer

and Romer (2010) as orthogonal tax shocks in a VAR framework and including

as endogenous variables also in�ation, cost of debt and an equation tracking

debt dynamics, the results obtained via the narrative method are in line with

those found from the SVAR approach by Blanchard and Perotti (2002).

2.2 Nonlinear E�ects of Fiscal Policy

As to the second strand of literature, the most important paper is the one by

Auerbach and Gorodnichenko (2012), where they study the nonlinear e�ects

of government spending shocks with a Smooth Transition Threshold VAR,

with transition between regimes governed by the 7 quarters moving average

of GDP growth, which is used as a proxy for the business cycle. They �nd

that the response of GDP is typically stronger in periods of recession than in

periods of expansion, when the e�ect of an increase in public spending is even

negative after few quarters. Christiano, Eichenbaum and Rebelo (2011) show

empirically that the size of the government spending multiplier is larger when

2Mertens and Ravn (2010) use as a starting point the narrative shocks identi�ed by Romer
and Romer (2010) and distinguish between unanticipated and anticipated �scal shocks,
where the latter are de�ned as shocks announced at time t and implemented after 90 days
(1 quarter). Typically, the e�ect of an unanticipated tax increase is negative right from
the start, while, in response to an anticipated tax increase, the e�ect on output is positive
until the e�ective implementation of the policy measure occurs, and thereafter it becomes
negative. Mertens and Ravn (2013) distinguish between tax changes to personal and cor-
porate income. Extending the Stock and Watson (2012) external instrument identi�cation
strategy for the use of two external instruments, they �nd that, while personal income tax
cuts lower signi�cantly tax revenues, increase employment, investment and consumption,
corporate income tax cuts have a negligible e�ect on tax revenues, boost investments, but
have no e�ect on consumption and employment.
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the economy hits the zero lower bound on nominal interest rates.

Perotti (1999) studies the nonlinear e�ect of de�cit cuts (via government

spending reduction) in periods of "�scal stress", as de�ned by periods when

government debt is high. He �nds that, during these periods, de�cit reduction

increases private consumption and the reaction of macroeconomic aggregates is

signi�cantly di�erent depending on the state of the economy at the moment in

which government spending reduction is carried out. Ferraresi, Roventini, and

Fagiolo (2014) use a TVAR model to study the e�ect of �scal policy in periods

when the economy is credit constrained. They proxy the tightness of the credit

situation with the spread between the BAA-rating corporate bonds and the 10-

years Treasury constant maturity rate and they �nd that the �scal multiplier

is signi�cantly above one in the constrained credit regime. Roeger and in 't

Veld (2009) �nd similar results using a DSGE model. Afonso, Baxa, and Slavik

(2011) study the nonlinear impact of �scal policy in a TVAR framework, using

as a conditioning variable the Financial Stress Index, which is a proxy for the

state of the �nancial markets.

More recently, Alesina et al. (2016) study the e�ect of �scal consolida-

tions introducing a double nonlinearity in the state of the economy and in

the composition of the �scal consolidation, i.e. tax-based versus expenditure-

based. In practice, they use a Smooth Transition TVAR as in Auerbach and

Gorodnichenko (2012) with the addition of a dummy variable distinguishing

between expenditure and tax-based �scal contractions and they estimate this

panel TVAR model on a dataset by De Vries et al. (2011), updated to 2014,

providing a narrative account of �scal episdoes in 16 OECD countries from

1981 to 2014. They �nd that the strongest source of nonlinearity deals with

�how� the �scal consolidation is carried out, with tax-based contractions being

more harmful to output than expenditure-based ones. The state of the econ-

omy generates some nonlinearity in the response of GDP, but empirically this

is less relevant than the one introduced by the composition. Finally, Auerbach

and Gorodnichenko (2017) �nd that the level of public debt shows modest in-

teraction with the e�ectiveness of �scal measures and the impact of the latter

on interest rates and CDS spreads.
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2.3 Uncertainty

The literature on uncertainty strongly expanded in recent years and it touches

on several aspects. Bloom (2014) provides a review of the uncertainty litera-

ture.

A �rst group of papers deals with how to properly measure uncertainty.

A description of the uncertainty measure proposed by Rossi and Sekhposyan

(2015) is provided in the Introduction. In addition, Rossi, Sekhposyan, and

Soupre (2016) provide a decomposition of uncertainty, based on the SPF den-

sity forecasts. They distinguish between ambiguity, i.e. the uncertainty about

the probability distribution generating the data, and risk, i.e. uncertainty

about the odds of two outcomes in the case the DGP is known. Jurado, Lud-

vigson, and Ng (2015) propose another uncertainty measure also based on the

concept of forecast errors, whose detailed description is available in Section 3.

The analysis is extended in Ma, Ludvigson and Ng (2016) to allow also for

�nancial uncertainty and a possible endogeneity of uncertainty with respect to

the business cycle. Carriero, Clark and Marcellino (2016) extend the JLN and

MLN approach by estimating in a single model (a large BVAR with common

and idiosyncratic volatilities) both macro and �nancial uncertainty measures

and their e�ects on the economy. The results of the robustness checks made

using the latter two measures of �nancial uncertainty can be found in the

Appendix. Casarin, Foroni, Marcellino and Ravazzolo (2016) measure uncer-

tainty as the disperiosn in SPF and assess its e�ects in a panel MS model,

�nding important asymmetries over the business cycle. Instead, Baker, Bloom

and Davis (2016) develop the Economic Policy Uncertainty Index, which is

a news-based measure of uncertainty. The measure is based on textual anal-

ysis (the relative frequency of speci�c keywords) webscraped on newspapers

articles.

A related literature develops theoretical models to justify the impact of un-

certainty on the usual macroeconomic aggregates. A �rst set of models claims

that uncertainty is a cause of slower economic growth. These models encom-

pass the so-called real option e�ect of uncertainty, according to which there is

a value in waiting before taking a decision (for example, there is an extra value
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in waiting before investing as in the model of McDonald and Siegel (1986))

and uncertainty increases this value. Another identi�ed mechanism through

which uncertainty may cause a recession is via �nancial constraints. Papers

in this category are, for example, Gilchirst, Sim, and Zakrajsek (2010) and

Arellano, Bai, and Kehoe (2016). On the demand side, precautionary savings

have been proposed as a possible transmission mechanism, both empirically

and theoretically. Papers that suggest this channel are Basu and Bundick

(2017), Leduc and Liu (2016) and Fernandez-Villaverde, Guerron-Quintana,

Rubio-Ramirez and Uribe (2011). Other models, instead, assume that higher

uncertainty in�uences the process of technological innovation, which is the ul-

timate cause of declines in economic activity. In Bloom (2009) uncertainty

shocks cause �rms to pause hiring and investing, which causes productivity

to drop because of the stop in the reallocation of resources towards most pro-

ductive units. Bloom et al. (2012) argue that uncertainty shocks are one of

the main drivers of the business cycle and that, importantly, policies like wage

subsidies are temporarily less e�ective due to wait-and-see behavior of �rms.

A second set of models presents higher uncertainty as a consequence, and

not as a cause, of lower economic activity. In this set there are papers by

Bachmann and Moscarini (2011),Van Nieuwerburgh and Veldkamp (2006) and

Pastor and Veronesi (2013).

A third set of papers even argues that some types of uncertainty can ac-

tually increase output: these are the so-called growth option theories. Pastor

and Veronesi (2006) and Segal, Shaliastovich, and Yaron (2015) are examples

in this category.

The third strand of uncertainty literature focuses on estimating the impact

of various types of uncertainty shocks on macroeconomic variables. There are

several papers on this topic, among others: Bloom (2009), Bloom et al. (2012),

Gilchrist, Sim, and Zakrajsek (2014), Basu and Bundick (2017), Bachmann

and Moscarini (2011), Bachmann, Esltner, and Sims (2013), Alessandri and

Mumtaz (2014), Jones and Enders (2016), Caggiano, Castelnuovo and Nodari

(2017). All these papers investigate the response of economic aggregates to

uncertainty shocks without considering the contemporaneous feedback e�ect
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of shocks to real macroeconomic variables on uncertainty. Instead, Ludvig-

son, Ma, and Ng (2016) propose a small scale VAR (with a measure of real

economic activity, a measure of macroeconomic uncertainty, and a measure

of �nancial uncertainty) identi�ed via an Iterative Projection Instrumental

Variable strategy and moments' restrictions. They �nd that both macro and

�nancial uncertainty shocks cause drops in output and other real variables, but

only macroeconomic uncertainty responds, falling, to positive shocks to real

aggregates. On the contrary, �nancial uncertainty seems to be very mildly

responding to real economy shocks.

2.4 Uncertainty and economic shocks

The fourth strand of uncertainty literature tries to understand how di�erent

uncertainty situations in�uence the transmission of other shocks, usually �s-

cal and monetary policy shocks, to the economy. Van Robays (2016) uses a

TVAR model in order to investigate the di�erent e�ects of an oil shock during

periods of high and low macroeconomic uncertainty. Aastveit, Nativik, and

Sola (2013) explore whether uncertainty in�uences the transmission and the

e�ects of monetary policy. They �nd that monetary policy is much less ef-

fective in periods of high uncertainty, consistently with real-options models.

Pellegrino (2015) uses an Interacted VAR to answer a similar empirical ques-

tion and he arrives to similar results: monetary policy shocks are less e�ective

during uncertain times. The work of Callegari, Cimadomo, and Ricco (2016)

is focused instead on the �scal side, investigating the e�ects of government

spending shock on aggregate variables with a TVAR model. They �nd that

the strongest e�ects of government spending shocks on GDP occur during less

uncertain times and that the main channel through which this happens is the

increase of private investments, consistent with the option value theory by

Bernanke (1983). However, the extension of their analysis to tax shocks is not

possible because the SPF, which they use for both identi�cation and de�nition

of uncertainty, is not available for government revenues.
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3 Econometric Framework and Identi�cation

3.1 Econometric Framework

In this section we brie�y explain the working of the Threshold Vector Autore-

gression (TVAR), the econometric model that we use in the empirical section.

The TVAR model is an extension of standard VAR models introduced by Sims

(1980) and it can capture possible nonlinearities, like asymmetric reactions to

shocks, driven by the level of an external threshold variable. As a consequence

of this property, impulse responses are nonlinear in the general model, but

linear within regimes. Following Afonso, Baxa, and Slavik (2011), who also

use a TVAR in the context of �scal policy, the TVAR model can be written

as follows:

Yt = c1 +B1(L)Yt−1 + δ1et + (c2 +B2(L)Yt−1 + δ2et)I[st−d>γ] + Ut (1)

where Yt is the vector of endogenous variables, I is an indicator function

that takes value 1 if the conditioning variable is above the �xed threshold

and 0 otherwise, and Ut is a multivariate white noise error. In our paper, the

indicator function will take value 1 in the high uncertainty regime. d is the

number of lags imposed on the switching variable to de�ne the regimes: in

the empirical part this value will be set to one, in order to minimize feedback

e�ects of the economic aggregates on the de�nition of the regime via their

possible contemporaneous impact on the uncertainty measure and to take into

account that changes in the macroeconomic dynamics require some time. The

threshold γ is determined by grid search and it is chosen as the value which

minimizes the sum of squared residuals of the estimated model. B1(L) and

B2(L) are the lag polynomials that regulate the dynamics of the system and c1

and c2 are vectors of intercepts. et are the structural shocks to taxes identi�ed

by Romer and Romer. In this case the coe�cients that indicate the on-impact

e�ect of tax shocks are δ1 and δ2 and they are allowed to di�er across regimes.

To allow for the possibility of asymmetries in the e�ects of shocks of di�erent

sign, we consider a speci�cation where et is split into two variables: one with

all the positive elements of et and zero otherwise, another with all the negative

tax shocks and zero otherwise.
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3.2 Identi�cation Strategy

Following the speci�cation and the identi�cation strategy designed by Favero

and Giavazzi (2012), we use the exogenous narrative shocks isolated by Romer

and Romer (2010) as true structural shocks to tax revenues. By structural

we mean that these shocks really identify changes in tax revenues that are

orthogonal to innovations to other endogenous variables in the VAR. How-

ever, instead of using these shocks in a single equation framework or in a 2

variables-VAR as in Romer and Romer (2010), we embed them as exogenous

regressors in a larger VAR framework, where the dynamics of in�ation, cost of

debt, government spending, monetary policy and uncertainty itself are made

endogenous. This identi�cation strategy has been designed by Favero and

Giavazzi (2012) in order to reconcile the evidence coming from the narrative

approach, which typically found that the e�ect of tax shocks was very large,

with the evidence from the Structural VAR literature, in particular from Blan-

chard and Perotti (2002), where the magnitude of the impact of a tax shock

on output was found to be much weaker. Favero and Giavazzi (2012) show

that, when using the narrative shocks in a VAR framework, the estimated

multipliers are much lower than in Romer and Romer (2010) and in line with

the evidence by Blanchard and Perotti (2002), because using a truncated MA

representation, as in the original use of the narrative shocks, delivers biased

estimates because it fails to take into account the correlation between distant

lags of government revenues and GDP and the narratives.

A potentially critical issue with this identi�cation strategy could come from

the narrative shocks identi�ed by Romer and Romer (2010) not being really

orthogonal to the other endogenous variables of the system, and therefore

not allowing a structural interpretation. An alternative identi�cation strategy

would be, instead of including the narrative shocks directly in the VAR, to

use the narratives as external instruments and use the identi�cation strategy

proposed by Stock and Watson (2012) and then extended by Mertens and

Ravn (2013). However, Favero and Giavazzi (2012) bring evidence in order to

show that the narrative shocks can actually be interpreted as structural inno-

vations. Indeed, they test the hypothesis of orthogonality and �nd that they
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cannot reject it, i.e., the narratives are indeed orthogonal to the endogenous

variables of the system3. In addition, this strategy also takes care of the �scal

foresight issue, because, with the use of narrative shocks, which are built using

information outside of the statistical model, identi�cation does not require the

invertibility of the MA representation.

Since we use a slightly di�erent information set, which adds uncertainty

in the main speci�cation and also the FFR in one of the robustness checks,

we repeat the Favero and Giavazzi (2012) orthogonality test and �nd similar

results. After regressing the narrative shocks on the �rst 4 lags of the model's

endogenous variables and taking residuals, we �nd that the latter are only a

noisy version of the original narrative shocks and that, also, the adjusted R2

of the regression is virtually 0.

3.3 Model Speci�cation

Our �rst speci�cation is a TVAR with 6 endogenous variables, an additional ex-

ogenous regressor, and an external uncertainty measure which de�nes regimes.

In particular, we follow the speci�cation by Favero and Giavazzi (2012), but

we add in the last position of the VAR the chosen uncertainty measure, so

that the model speci�cation is:

Xt = c1 +B1(L)Xt−1 + δ1et + (c2 +B2(L)Xt−1 + δ2et)I[ut−d>γ] + Ut (2)

where Xt = [it yt ∆pt tt gt ut]
′. it is the average cost of servicing debt and

it is computed by dividing net interest payments at time t by the federal

government debt held by the public (FYGFDPUN in the Fred database) at

3In their empirical analysis, Favero and Giavazzi (2012) include, in addition to the en-
dogenous variables that we will specify at the beginning of the empirical section, another
equation accounting for the dynamics of the debt to GDP ratio in response to tax shocks.
This additional equation in the VAR, which has not to be estimated since it is an identity,
should check that the response of the macroeconomic aggregates is not computed along
"unsustainable debt paths". They report the results for both the VAR tracking the debt-
to-GDP ratio dynamics and for the VAR without the additional equation, where the results
from the second are better comparable with the existing SVAR literature on tax shocks.
Favero and Giavazzi (2012) �nd that the estimation of the system including the debt dy-
namics on U.S. data never delivers unsustainable debt paths. Since we use the same Romer
and Romer narrative shocks and we focus on the U.S. economy over the same period too,
we estimate a VAR without keeping track of the debt dynamics, feeling con�dent that the
results will not be biased by tax shocks leading the public �nance on an unsustainable path.
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time t − 1. In the empirical section, we omit IRFs to it because they bring

no relevant contribution to the analysis and because recent literature, e.g.

Auerbach and Gorodnichenko (2017), shows that the e�ect of �scal changes

on cost of debt is modest- These IRFs are anyway available upon request. yt is

the log of GDP expressed in real per capita terms, i.e. by dividing the overall

nominal �gure by the GDP de�ator and by population. 4 ∆pt is a proxy for

in�ation and it is obtained as the log di�erence of the GDP price de�ator. tt is

a measure of tax revenues and it is obtained as the log of federal government

receipts expressed in real per capita terms. gt is government spending and it is

computed as the log of real per capita primary government expenditure, which

is Total Federal Government Current Expenditure minus net interest payments

at annual rates. ut is the uncertainty measure, which a�ects all variables and

can also lead to a switch in regime. Finally, et is the vector of Romer and

Romer (2010) tax shocks and it is expressed in percentage of previous quarter

GDP.

An alternative speci�cation presented in the robustness section adds, just

before the uncertainty measure, the Federal Funds Rate, which is included in

order to account for the behavior of monetary policy during episodes of �scal

expansion or contraction. As we will see, this is particularly relevant when we

distinguish between tax shocks of di�erent nature.

In all speci�cations the sample goes from 1960Q3, the quarters where the

uncertainty series starts, to 2007Q4, when the Romer and Romer (2010) nar-

rative shocks series ends.

The chosen uncertainty variable is the macroeconomic uncertainty measure

provided by Jurado, Ludvigson, and Ng (2015). They start from a dataset of

132 macroeconomic variables and 147 �nancial variables - mainly constituted

by portfolio returns from the Fama and French (1992) factors - and they es-

timate, in this data-rich environment, a factor augmented model in order to

4In the section reporting the empirical evidence, we also present results from di�erent
speci�cations substituting to GDP, as a second variable in the VAR, either log real per capita
aggregate consumption, log real per capita investments or private savings as a percentage of
disposable income. Unofrtunately, the variables cannot be jointly included in the VAR due
to the nonlinearity and the relatively short sample size.
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produce forecasts for each of the 132 macroeconomic variable included. These

series include variables relative to output and income, labor market, consump-

tion, housing, money supply, exchange rates, prices, bond spreads, stock mar-

ket valuations, and credit. With these forecasts at di�erent time horizons - 1,

3, and 12 months ahead - squared forecast errors are computed and aggregate

uncertainty is obtained as the simple average of the square root of the squared

forecast errors of the 132 series. In the present work, we use the 12-month-

ahead measure of macroeconomic uncertainty, since we think this is the most

appropriate horizon in this context. In addition, while the uncertainty variable

is included in the VAR speci�cations without further transformation, when it

is used for the de�nition of regimes it is smoothed by taking the 6-quarters

moving average, so that the de�nition of regimes is not too volatile and it

really captures medium term trends in uncertainty.

3.4 Computation of the IRFs

Given our speci�c identi�cation strategy, we provide here a brief description

on how IRFs are computed. As described in section 3.1, we identify separate

parameters for di�erent uncertainty regimes both for the dynamics of the sys-

tems (matrices B1(L) and B2L)) and for the structural on-impact e�ect of

narrative tax shocks (vectors - or matrices in the case of the TVAR with sign

nonlinearity - δ1 and δ2). To compute IRFs �rst we build the parameters for

the high-uncertainty regime by summing, respectively, B1(L) and B2L) and δ1

and δ2. We take as the structural response of the endogenous variables at t = 0

to a structural shock at t = 0 the vectors (or matrices) δ1 and (δ1+δ2). Then,

for each t from 1 to the chosen horizon, we multiply the vector of responses at

t − 1 by the companion-form matrix governing the dynamics of the model in

each of the two regimes.

Apart from the technical details, computing IRFs in the way just described

implies that we consider linear IRFs within regimes. In principle the tax shocks

we study may trigger regime shifts over the time horizon under study and our

method for computing IRFs would not take into account these evolutions. This

could be accomplished by using Generalized IRFs, however our main interest
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is to observe the reaction of the aggregates depending on levels of ex-ante

uncertainty, which can be well-accomplished by using the within-regime-linear

IRFs just described. For the main speci�cation, however, we also compute

GIRFs following, e.g., Ferraresi, Roventini and Fagiolo (2014) and we show

that results are robust. In particular, this implies that the implicit assumption

of no regime shift induced by tax shocks seems to hold.

Finally, con�dence bands for the impulse responses are compute by boot-

strapping the residuals from the nonlinear model, maintaining the identi�ed

de�nition of regimes.

3.5 Assessing the relevance of the nonlinearity

We implement two statistical tests suggested by Olivei and Tenreyro (2010) in

order to assess whether the impulse responses found for the nonlinear model

are statistically di�erent from those of the linear model. The two tests are

based on statistics obtained from the comparison of the impulse responses of

the linear and nonlinear models with bootstrapped critical values. The �rst

test considers the maximum di�erence in absolute value between the impulse

responses relative to di�erent regimes. In particular, the �rst statistic is:

S1 = sup
t

∣∣y1j,t − y0j,t
∣∣ (3)

where the arguments of the absolute value are the response of variable yj

in the high and low regimes and the sup is taken over the time horizon over

which impulse responses are computed (20 quarters).

The second test statistic considers the cumulated di�erence between the

impulse responses of a given variable in the two di�erent linear and nonlinear

speci�cations. The sum of the impulse response is made over the whole time

horizon considered (20 quarters). In formulas, the statistic is:

S2 =

∣∣∣∣∣
20∑
t=1

(
y1j,t − y0j,t

)∣∣∣∣∣ (4)

For both statistics, empirical distributions are obtained by bootstrapping

the residuals generated from model estimation, re-estimating the model and

the impulse responses on the simulated data, and computing the value of the

test statistic for that draw. 1,000 repetitions are used, as in Olivei and Tenreyro
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(2010). Bootstrapped p-values are the percentage of simulated test statistics

with a value exceeding the one estimated from the original data.

4 Empirical Evidence

4.1 Correlation between Uncertainty and the Business

Cycle

One important starting question is whether the possibly nonlinear response

of aggregates to tax shocks, which we ascribe to di�erent levels of macroe-

conomic uncertainty, is in fact driven by other factors. One obvious variable

within this set is an indicator of the business cycle. Hence, we compare the

macroeconomic uncertainty index with the 7-quarters moving average of GDP

growth employed by Auerbach and Gorodnichenko (2012) as switching vari-

able. From a graphical inspection of the two standardized time series (Figure

1), there appears to be some co-movement between the two variables, but

also discrepancies. In general, correlation is negative (-0.6), so that periods

where economic growth is slower tend to be correlated with periods of higher

macroeconomic uncertainty, which is reasonable. This suggests that some of

the results might be in�uenced not only by macroeconomic uncertainty, but

also by the conditions of the economy. However, the estimated level of correla-

tion con�rms that the uncertainty measure also carries a signi�cant amount of

information which is not linked to the cycle and, from a graphical inspection

of Figure 1, one can also see that signi�cant periods of negative growth are

included in the low-uncertainty regime sub-sample. In order to additionally

examine this issue, in Section 5 we carry out a robustness check where we use,

as a threshold variable in our speci�cation, the residuals from the regression

of macroeconomic uncertainty on the business cycle proxy by Auerbach and

Gorodnichenko (2012), which are orthogonal to the business cycle itself.

As to the exogenous tax changes narratives, there are essentially two pe-

riods of strong concentration of tax shocks, both positive and negative. The

�rst spans from 1964Q2 to 1967Q4 and the second from 1976Q4 to 1988Q1.

Also, it seems, from a graphical inspection of the series, that large tax cuts
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are often followed by signi�cant tax increases in the following quarters.

Another issue may be that the results we �nd are driven by the fact that,

for example, tax cuts occur only in periods of low macroeconomic uncertainty

or that all shocks occur in a speci�c range of uncertainty quantiles. However,

we �nd that the average percentile where exogenous tax increases occur is the

50th, while for tax cuts it is the 44th. Overall, the average percentile where

any of the tax shocks occurs is the 47th. This con�rms that there is no relevant

issue about systematic relations between the type and size of shocks and the

uncertainty level.

4.2 Linear VAR

The impulse responses are always generated by a tax shock equivalent to 1%

of previous quarter GDP. The linear VAR (Figure 2) delivers expected results:

GDP, consumption, investments and saving rate respond positively to a tax

cut. Instead, in�ation seems to be una�ected by the �scal change and govern-

ment spending shows an increase over the considered horizon, signaling that

possibly episodes of �scal contraction and �scal expansion occur in a coordi-

nated manner. As expected, government revenues initially fall and then get

back to the initial level as time goes. Finally, macroeconomic uncertainty falls

quite evidently after the shock.

4.3 Threshold VAR with sign nonlinearity

It is worth checking how the model identi�es regimes. We �nd that the low-

uncertainty regime is observed during the periods 1962Q2:1973Q3, 1976Q4:1979Q2,

1988Q3:1990Q3, 1992Q2:2000Q2, 2003Q2:2005Q4 and the high-uncertainty

regime during periods 1973Q4:1976Q3, 1979Q3:1988Q2, 1990Q2:1992Q1, 2000Q3:2003Q1,

2006Q1:2007Q4. If we compare this regime-de�nition with recession dates by

the NBER, we see that the recession occuring in the period 1969Q4:1970Q4

falls in the low-uncertainty regime, while other NBER recession identi�ed in

the periods 1973Q4:1975Q1, 1980Q1:1980Q3, 1981Q3:1982Q4, 1990Q3:1991Q1,

and 2001Q1:2001Q4 instead are all included in the high-uncertainty regime.

However, it is also worth noticing that, despite this disproportion, the high-

uncertainty regime periods are in general considerably wider than actual re-
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cession periods. 5

4.3.1 Contractionary Tax Shock

Figure 3 shows that, for GDP, consumption and investments, the impulse

response to a 1% tax increase is null when ex-ante uncertainty about the

macroeconomic situation 12 months ahead is low, while the picture is very dif-

ferent when the high-uncertainty regime is considered. Indeed, for GDP and

consumption, the impulse responses are negative, with a high level of statisti-

cal signi�cance. This seems to suggest that contractionary tax shocks have a

worse e�ect when uncertainty about the future conditions of the economy is

high. As to investments, we observe an atypical behavior. They �rst rise on

impact in the high-uncertainty regime and then revert to zero, with con�dence

bands being particularly wide. This behavior of investments on impact might

be explained by the fact that, in the high-uncertainty regime, we see macroe-

conomic uncertainty falling after a tax increase. This decrease in uncertainty

might explain why we see investments rising slightly at �rst.

Nonlinearity is quite evident also for other variables. Saving rate increases

in the high-uncertainty regime and decreases in the low one. Government rev-

enues increase in both regimes, but the decline of this variable is more rapid

in periods of high uncertainty than in those of low uncertainty, when it takes

more time for this aggregate to revert back to pre-shock levels. The fact that

government spending also falls in this regime (while the same variable is un-

changed in the other regime) might partly contribute to the worse reaction of

GDP in the high-uncertainty regime. Likely as a consequence of the bad per-

formance of the economy, in�ation is reduced in the high-uncertainty regime.

Finally, macroeconomic uncertainty seems to be reduced when tax increases

are adopted in periods of high ex-ante uncertainty, while it is weakly increased

when uncertainty is low before the shock.

5Also, when we try to remove the business cycle component from the macro uncertainty
measure used (results of this robustness check are presented later) the de�nition of regimes
is in general quite similar to the one just presented. The major di�erences are that a
period of high-uncertainty is identi�ed over 1970Q2:1971Q4 and that, instead, the long
high-uncertainty period originally observed during 1979Q2:1988Q2 is halved, with quarters
from 1984Q1 to 1988Q2 now falling in the low-uncertainty regime.
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4.3.2 Expansionary Tax Shock

Figure 4 shows that, on the one hand, the response to a tax cut shown by

the economy, either in terms of GDP, consumption or investments, is strong

and positive in the low-uncertainty regime. On the other hand, the oppo-

site is true for tax cuts occurring when ex-ante macroeconomic uncertainty is

high: in this case the impulse responses are slightly negative or not statisti-

cally di�erent from zero. This has the obvious implication that, while �scal

stimuli carried out via tax cuts are e�ective when the future developments

of the economy are subject to low uncertainty, the same policies, carried out

when the economic outlook is more uncertain, are ine�ective or perhaps even

harmful. Two factors can contribute to explain the worse reaction: the �rst is

that, while the saving rate is una�ected in the low-uncertainty regime, it in-

creases strongly in the high-uncertainty regime. This means that uncertainty,

as theoretically suggested, induces people to save the tax cut rather than con-

sume it, likely adopting a wait-and-see behavior. The second relevant factor is

that government spending, which does not react in the low-uncertainty regime,

shows a fall on impact in the high-uncertainty regime. In addition, government

revenues are quite stable in the high-uncertainty regime, while they tend to

increase as quarters go in the low-uncertainty one, possibly due to the very

positive response of GDP and, as a consequence, of the tax base to the expan-

sive �scal measure. If we speci�cally focus on investments and extending the

line of reasoning previously presented in the case of a tax increase, we see that,

when uncertainty is low, the tax cut is followed by a further drop in uncer-

tainty and by a growth of investments, while, in the high-uncertainty regime,

the quite strong jump of uncertainty might contribute to mute the e�ects of

the �scal expansion.

4.3.3 Quantitative assessment of nonlinearity

In the speci�cation with GDP and in response to a contractionary shock,

the tests for the di�erence between the IRFs referred to the two alternative

uncertainty regimes deliver p-values of 0.22 (maximum absolute di�erence) and

0.13 (cumulative distance). For consumption, the p-values are 0.07 (maximum
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distance) and 0.05 (cumulative distance). Instead, empirical assessment of

nonlinearity in the response of investments to contractionary tax shock fails

to deliver p-values below the 32% level.

The comparison of IRFs of di�erent uncertainty regimes to an expansionary

tax shock delivers remarkably low p-values in the speci�cation with GDP: 0.08

in the maximum distance test and 0.05 in the cumulative distance test. For

consumption, p-values are 0.06 (maximum distance) and 0.05 (cumulative dis-

tance) and, in the case of investments, these are 0.37 (maximum distance) and

0.08 (cumulative distance). Therefore, once we allow IRFs to di�er depending

also on the direction of the tax shock, the presence of nonlinearity generated by

macroeconomic uncertainty is suggested, in addition to a graphical inspection,

by a more quantitative assessment.

Finally, we compute p-values for the two tests in the case we compare

IRFs to a contractionary and to an expansionary tax shock within the same

uncertainty regime. In the speci�cation with GDP, p-values for IRFs in the

low-uncertainty regime are high in both tests (around 68%), but these are much

lower in the case of the high-uncertainty regime (10%). Therefore, it seems

that sign nonlinearity is more relevant in the high-uncertainty regime, while

the asymmetry of the response is less relevant in periods of low macroeconomic

uncertainty.

5 Possible Interpretations of empirical evidence

The evidence provided by the previous analysis can be summarized into two

main points. In general, we see di�erent responsiveness across di�erent un-

certainty regimes once controlling for the sign of the shock. In particular, it

emerges that, following tax increases, GDP responds more negatively in the

high-uncertainty regime than in the low one. Similarly, aggregate consumption

reacts very negatively to tax increases in the high-uncertainty regime and it is

virtually unchanged during less uncertain times. Instead, aggregates respond

positively to expansionary tax shocks in periods of low uncertainty, while the

response is negligible, or even negative, in the high-uncertainty regime.

Let us now interpret this evidence using the theoretical framework devel-
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oped in the literature to investigate the impact of uncertainty on aggregates

and on policy transmission.

In particular, the main proposed channels through which uncertainty can

a�ect real variables are: 1) the real option value of waiting before taking in-

vestment decisions on the �rm side (Bernanke (1983), McDonald and Siegel

(1986)), 2) precautionary savings on the consumer side (Basu and Bundick

(2017), Fernandez-Villaverde, Guerron-Quintana, Rubio-Ramirez and Uribe

(2011)), 3) pausing of hiring and capital investment decisions (Leduc and Liu

(2016), Bloom (2009), Bloom et al. (2012)), and 4) �nancial frictions con-

straining �rms' decisions (Arellano, Bai, and Kehoe (2016), Gilchrist, Sim,

and Zakrajsek (2014)).

We consider �rst the models by Bloom: idiosyncratic uncertainty shocks

induce movements in aggregate output and productivity because �rms pause

hiring and capital investment decisions, thereby stopping reallocation of re-

sources from less productive �rms to more productive ones. This framework

implies a S-s type mechanism in the decision of �rms. When examining the

e�ects of policy under di�erent uncertainty regimes, Bloom et al. (2012) argue

that, under high uncertainty, policy is less e�ective because the productivity

thresholds outside which �rms actually make decisions instead of waiting shift

outside, so that the transmission from the policy stimulus to the real economy

is jammed. Despite starting from di�erent premises, the bottom line impli-

cations of real option theories is similar. In the presence of uncertainty, the

value of waiting increases and fewer �rms translate policy incentives into ac-

tions. Models focusing on �nancial frictions as a propagation mechanism for

uncertainty shocks also end up predicting that �rms hire less input and this

reduces output.

On the consumer side, models pointing at precautionary savings are more

speci�c and have contrasting implications. In Basu and Bundick (2017), an un-

certainty shock induces consumers to increase savings, but, since in their model

output is una�ected, investments must rise. Instead, the model by Fernandez-

Villaverde, Guerron-Quintana, Rubio-Ramirez and Uribe (2011) implies a fall

in all the aggregates after an uncertainty shock. In this case, the type of
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uncertainty they consider is about the interest rate at which a small open

economy can borrow, which captures only one speci�c aspect of the broader

concept of macroeconomic uncertainty represented by the variable used in our

work. Finally, Leduc and Liu (2016) develop a model in which uncertainty

shocks have aggregate demand e�ects as in the two models just described, but

there are, in addition, job search frictions. So, during uncertain times, fewer

matches between workers and �rms are made, households' income and de-

mand decrease even further, inducing �rms to less job posting and eventually

increasing unemployment, which ampli�es the fall in demand.

Back to our empirical evidence, the fact that the response of aggregates to

�scal stimuli is weaker during periods of high uncertainty is perfectly in line

with the theoretical literature presented above. Instead, the interpretation of

the evidence emerging from the model with sign nonlinearity calls for a deeper

analysis, with particular reference to tax increases.

As to the case of tax cuts, interpretation is less problematic: existing mod-

els are in general suitable to explain observed responses. In particular, on the

�rm side, all proposed mechanisms go in the direction of weaker response dur-

ing more uncertain times: wait-and-see behavior, presence of worse �nancial

frictions in high uncertainty, shift outwards of the S-s threshold for the deci-

sions. Also, we observe a further drop of uncertainty in the low-uncertainty

regime, which helps investments growth, and, instead, a rise in uncertainty in

the high-uncertainty regime. As well, on the consumer side, the precautionary

savings mechanism works properly: much of the tax cut is saved during more

uncertain times and this weakens the e�ect of the policy measure on the ag-

gregates, which is otherwise strong during less uncertain periods. Moreover,

evidence shows that tax cuts are accompanied by government spending re-

duction during high-uncertainty periods, which might contribute to generate a

worse response of the economy in this regime. More speci�cally, given the very

strong nonlinearity observed in the responses of consumption across regimes

and by the very high spike in the saving rate when ex-ante macroeconomic

uncertainty is high, the most important mechanism underlying the evidence

presented seems to be the precautionary savings one. This is consistent with
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the fact that agents give particular importance to keeping consumption smooth

over time so that, even though their disposable income increases following the

tax cut, the uncertainty about the future conditions of the economy, including

the conditions of the labor market, wages, in�ation rate and, as a consequence,

real income, and credit conditions, implies that they prefer to save large part

of additional income in order to avoid the risk of being forced to reduce back

consumption within a 12-months horizon, when macro conditions may become

worse.

In the case of a tax increase, we should be cautious about interpretation of

the results because, as we will see, evidence changes quite substantially when

we consider the interplay between tax shocks and the reaction of monetary

policy to these shocks. However, we can sketch possible explanations for our

�ndings. In particular, one should notice that the increase in tax revenues in

both regimes is mainly temporary, with the variable increasing in the quarters

after the shocks and then decreasing. The reversion of the initial spike is more

rapid and down to negative levels in the high-uncertainty regime, while it is

smoother in the low regime. In this context, high uncertainty about future

macroeconomic conditions may trigger a tightening of the credit conditions

to households. Hence, while in periods where the future economic outlook is

less uncertain agents may be willing - due to the fact that tax increase seems

to be temporary - and able - due to limited �nancial frictions - to smooth

consumption, as testi�ed by the falling saving rate, agents may not be able

to do so in the high-uncertainty regime6. In addition to the �nancial frictions

6We checked, at a very preliminary level, whether we observe any evidence in the data
of tighter credit conditions when our measure of macroeconomic uncertainty is high. For
�rms, we check the correlation between the measure of macroeconomic uncertainty by JLN
and two variables from the Senior Loan O�cer Survey done by the Federal Reserve. The
�rst is a measure of credit tightening to large and medium �rms and the second to small
�rms: Higher values imply a tightening of credit conditions applied by banks and lower
values suggest an easing. The correlation between macroeconomic uncertainty and the �rst
proxy of credit to �rms is 0.58 and with the second proxy 0.59. This suggests that when
macro uncertainty is high also credit conditions become tighter. In particular, if we consider
the de�nition of uncertainty regimes as identi�ed by our main speci�cation, we �nd that the
mean of the two proxies in the two uncertainty regimes di�ers: It is -1.9 and -1.5 in the low-
uncertainty regime, suggesting credit easing, and it is 21.3 and 17.0, indicating substantial
tightening. As to households, the series of the Senior Loan O�cer Survey starts in 1996Q1
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explanation, the precautionary savings narrative may �nd application also in

the context of tax increase. Indeed, in the high-uncertainty regime, the saving

rate increases slightly, even if con�dence bands generally include the zero level.

Agents, even if they see their disposable income reduced as a consequence of

the increase in taxes, tend to increase the saving rate because future conditions

of the economy as a whole are hardly foreseeable. Furthermore, an additional

explanation for the stronger fall in GDP in the high-uncertainty regime may

be found in that government spending is cut in periods of high uncertainty.

This possible explanation would weaken the role played by uncertainty, but

notice that, while it may be valid for GDP, it cannot explain the observed

pattern of consumption, so that, overall, the narrative presented above remains

well-grounded. As to �rms, instead, we already pointed out before that the

reaction of macro uncertainty itself to the tax increase might contribute to

seeing investments rising on impact in the high-uncertainty regime (macro

uncertainty falls in this regime).

6 Robustness checks

6.1 Adding Monetary Policy

An interesting aspect of the analysis would be to understand whether previous

evidence changes if we add a monetary policy variable to our speci�cation,

taking into account the endogenous response of the monetary policy authority

to tax shocks. This allows us to understand whether excluding a potentially

relevant variable may bias the results and, in addition, to have a picture of the

possible interplay of the two main economic policy instruments. Speci�cally,

we add the Federal Funds Rate as an endogenous variable in our speci�cation,

positioned penultimate just before the uncertainty variable.

and, given that our analysis stops at 2007Q4, the overlapping period is too short even for a
preliminary analysis. Instead, we focus on the series reporting the Net Change in Consumer
Credit Outstanding, also produced by the FED. In this case we �nd that the correlation
with macro uncertainty is near zero and the mean of the variable over the two regimes
does not change much. This makes the interpretation of evidence regarding tax increases in
high uncertainty in light of more credit constrained households a bit weaker, but alternative
mechanisms may be in place as well.
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6.1.1 TVAR with sign nonlinearity

Contractionary shockEvidence coming from our main speci�cation changes

signi�cantly when we take into account the reaction of monetary policy (Fig-

ure 5). While the impulse responses for the low-uncertainty regime remain

fully comparable to those obtained from the more parsimonious speci�cation,

those relative to the high-uncertainty regime are very di�erent. Point estimates

are in general around zero, with levels similar to those of the low-uncertainty

regime, and con�dence bands are quite wide. We argue that the di�erence

with previous evidence is attributable to the heterogeneous response of the

Federal Funds Rate in the two regimes. While when ex-ante macroeconomic

uncertainty is low the stance of monetary policy remains neutral after a con-

tractionary tax shock, monetary policy becomes strongly accommodative in

the high-uncertainty regime, perhaps in order to counteract the fall in in�a-

tion observed also in the previous speci�cation. The major e�ect of the mone-

tary stimulus is to counteract the contractionary shock coming from the �scal

side, so that the response of GDP, above all, turns neutral from the otherwise

strongly negative behavior. This, rather than undermining previous evidence,

adds an interesting piece of information to the analysis. Our interpretation is

that, in general, uncertainty about future economic developments worsens the

reaction of GDP and consumption to a tax increase, but an accommodative

monetary police plays a relevant and e�ective role in mitigating this nega-

tive e�ect. Notice in particular that the saving rate, previously higher in the

high-uncertainty regime, now falls in both regimes, so that, consistently, con-

sumption reacts less negatively also when ex-ante macro uncertainty is high.

Expansionary shockContrary to the case of contractionary shocks, evidence

presented in our main analysis does not change when the richer speci�cation

is used (Figure 6). The distinction between the impulse responses of the two

regimes remains statistically signi�cant and monetary policy is observed to be

neutral in both regimes. As in the case of a contractionary shock, the con�-

dence bands of the impulse responses of the high-uncertainty regime increase

and this is responsible for the fact that the di�erent reaction of uncertainty in
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the two regimes becomes less evident than in the more parsimonious speci�-

cation.

6.1.2 Interpretation and Comment

Looking at the literature, the fact that monetary policy, at least in the case

of �scal consolidations, plays a relevant role is not surprising. Some papers

speci�cally investigate the interaction between �scal and monetary policy and

they try to understand the most common and appropriate reaction of the

monetary authority to �scal shocks.7 Instead, other papers about �scal policy

impact �nd it appropriate to include in their speci�cation a monetary policy

variable 8

Mertens and Ravn (2013) observe, in a linear framework, that output re-

sponses to personal income and corporate income tax cuts are not changed by

the inclusion of a monetary policy variable. On the contrary, Mountford and

Uhlig (2009) observe that, in response to an increase in government revenues,

interest rates rise and reserves fall.

Our empirical results in general support the view that, when monetary

policy is changed in a signi�cant way in response to a tax shock, the move

counterbalances the �scal stimulus. This is true when looking at the impulse

responses in the case of a contractionary tax shock in the high-uncertainty

regime: monetary stance is strongly accommodative in this case. On the

contrary, when future macroeconomic developments are characterized by low

uncertainty levels, the reaction of reference interest rates to tax shocks is gener-

7Melitz (1997) �nds that monetary and �scal policy tend to move in opposite directions,
behaving therefore as substitutes. Buti, Roeger, and in't Veld (2001) suggest that the type
of interdependence between �scal and monetary policy might be dependent on the type
of shock hitting the economy. Muscatelli, Tirelli, and Trecroci (2004) show substantial
complementarity in the response of monetary policy to �scal measures.

8Batini, Callegari, and Melina (2012) show that, also in the case of the United States,
real interest rates rise instead of falling following a �scal consolidation. Baum, Poplawski-
Ribeiro, and Weber (2012) �nd that tax-based �scal consolidation have a worse impact
on output than expenditure-based consolidation because, among other, monetary policy is
more accommodating in the latter case. Woodford (2011) and Christiano, Eichenbaum, and
Rebelo (2011) argue that �scal multipliers are larger than one in periods when the zero lower
bound is binding and monetary policy is neutralized, which is con�rmed by Hall (2009) in
his review.
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ally muted. So, the bottom line might be that the relation between monetary

and �scal policy is particularly relevant when uncertainty about the future

state of the economy is high and that this relation implies that the two policy

instruments go in opposite directions.

6.2 Removing the e�ect of business cycle

In order to further examine the possible in�uence of the business cycle situation

on our �ndings, in this subsection we replicate our TVAR model with sign

nonlinearity using as a threshold variable the residual of a regression of the

macroeconomic uncertainty measure on the business cycle proxy by Auerbach

and Gorodnichenko (2012). This should capture the share of macro uncertainty

unrelated to current economic conditions.

Contractionary tax shockThe robustness of our results is strong when con-

sidering a contractionary shock. The reaction of GDP and consumption is

signi�cantly negative when ex-ante macroeconomic uncertainty is high, while

it is neutral in the low-uncertainty regime (Figure 7). As to investments, we

observe them rising slightly on impact even though uncertainty increase in

high-uncertainty, which seems to weaken the argument proposed in subsection

4.4.1. There is an evident di�erence across regimes also in the case of the sav-

ing rate, with the response being positive in the high-uncertainty regime and

negative in the low one, consistently with agents doing consumption smooth-

ing in more tranquil times. Government spending falls signi�cantly in the

high-uncertainty regime and more mildly in the low one; macroeconomic un-

certainty increases further in the high regime and is stable in the low one.

Again, if we add the monetary policy variable in the speci�cation, consistently

with previous evidence, the responses in the two regimes become more similar

as FFR fall by more in the high-uncertainty regime, counteracting the worse

reaction of the economy (�gures reported in the Appendix to this paper).

Expansionary tax shockEven though the degree of overlapping between

IRFs of di�erent uncertainty regimes is higher than in our main analysis, Fig-

ure 8 shows that, also when removing the share of macroeconomic uncertainty
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correlated with the business cycle, we can observed that the response of GDP

to a 1% tax cut is more positive during less uncertain periods than in more

uncertain ones, with the e�ect mainly driven by investments, for which the

distinction across regimes is evident. Instead, for consumption the nonlinear-

ity over uncertainty levels is negligible. The fall in government revenues, while

mild in the low-uncertainty regime, is stronger in the high one. On the con-

trary, government spending tends to grow more in the low-uncertainty regime,

but only over the medium run. Uncertainty responds mildly to the shock when

it is ex-ante high, but falls signi�cantly in the low-uncertainty regime. As a

�nal note, if we include the monetary policy variable in the speci�cation, the

di�erence across regimes becomes more marked for GDP and visible, in the

expected direction, also for consumption (�gures reported in the Appendix to

this paper).

6.3 The role of the uncertainty measure

As previously pointed out, in the Appendix we perform robustness checks with

other uncertainty variables, speci�cally macroeconomic, policy, and �nancial

uncertainty variables. We consider two additional measures of macro uncer-

tainty. The �rst is by Carriero, Clark and Marcellino (2016) and the second

is by Rossi and Sekhposyan (2015). Also, we check the Economic Policy Un-

certainty Index by Baker and Bloom (2016). and, as to �nancial uncertainty,

we focus on that obtained by Ludvigson, Ma and Ng (2016), on the one by

Carriero, Clark and Marcellino (2016), and on the VXO, a measure of �nancial

market volatility based on options. For all these variables, we compute infor-

mation criteria (BIC and AIC), using, for sake of comparability, a speci�cation

including neither the uncertainty measure nor the FFR as an endogenous vari-

able. As shown in Table 1, we observe that the model �t between macro and

�nancial uncertainty variables is comparable. Also, among macro uncertainty

measures, the one by Rossi and Sekhposyan is the best, while the VXO should

be preferred, in terms of information criteria, among �nancial measures. Below

we comment on those two variables, while a full comment for all speci�cations

can be found in the Appendix. Finally we note that the uncertainty measures
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give lower AIC and BIC than the output-based measure by Auerbach and

Gorodnichenko (2012).

Switching variable AIC BIC

Macro Unc. (JLN) 3.16E+03 7.51E+03

Macro Unc. (CCM) 3.16E+03 7.51E+03

Macro Unc. (RS) 2.77E+03 6.34E+03

Macro Unc. Residuals 3.14E+03 7.48E+03

EPU Index (Baker at al.) 3.27E+03 8.91E+03

Financial Unc. (LMN) 3.16E+03 7.50E+03

Financial Unc. (CCM) 3.12E+03 7.46E+03

VXO 3.04E+03 7.20E+03

AG business cycle proxy 3.27E+03 8.96E+03

Table 1: Goodness of �t of di�erent models using alternative threshold variables for the de�nition of

regimes. AIC and BIC are computed for the speci�cation without endogenous uncertainty and without FFR

6.3.1 Results with Rossi and Sekhposyan (2015) measure

Rossi and Sekhposyan (2015) also focus, as JLN, on the concept of uncertainty

as reduced predictability of the evolution of the economy rather than on the

simple increased volatility of macroeconomic variables. In particular, they

consider the forecasts, for the main macroeconomic aggregates, provided by

the Survey of Professional Forecasters over di�erent time horizons and they

de�ne their uncertainty measure as the percentile of the historical distribution

of forecast errors that is associated with the observed forecast error. One of

the advantages of their approach is that they take into account both ex ante

and ex post uncertainty about macroeconomic aggregates.

In the case of a contractionary tax shock, we see (Figure 9) that evidence

is consistent with the one from the main speci�cation. GDP and consumption

are neutral in the low-uncertainty regime and the saving rate decreases slightly.

Instead, in the high-uncertainty regime, the responses are negative and quite

evidently distinct from the ones of the other regime. In this case, the drop in

consumption and GDP might be linked to the increase in the saving rate in

periods of high uncertainty. Focusing on expansionary shocks, we observe in

Figure 10 that the overall pattern is similar to usual evidence, but con�dence

bands for the low-uncertainty regime are somewhat larger. IRFs referred to
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the speci�cation with FFR and a more comprehensive comment are available

in the Appendix.

6.3.2 Results with VXO

The VXO is built by the CBOE and it is meant to track expectations for short-

term (30 days) volatility in the US stock market. This is done by measuring

the implied volatility on S&P 100 options and therefore can be considered

a measure of uncertainty of investors about future market developments. In

the case of both contractionary and expansionary tax shocks, we �nd evidence

which is consistent with the main analysis (Figures in the Appendix). We argue

that this is because the VXO also captures, to a certain extent, uncertainty

related to the macro realm, and therefore it is, among the �nancial uncertainty

measures considered, the closest to the object of our main analysis. We observe

that, as the concept of uncertainty considered becomes more dissimilar from

our preferred one, also empirical results become di�erent.

6.4 Composition of the �scal changes

The interpretation of the results could be a�ected by the fact that shocks to

taxes and government spending might occur in a coordinated fashion or by the

di�erent type of taxes considered9. In practice, this would mean that, when

we look at impulse responses to a 1% tax cut or increase, we might be seeing

also the e�ect of related adjustments to government spending. This would be

a relevant piece of information to take into account.

Therefore, we check the extent of the correlation between the narrative

shocks to taxes identi�ed by Romer and Romer and the narrative shocks to

government spending identi�ed by Ramey (2011). The contemporaneous cor-

9The literature has shown that, starting from the Romer and Romer (2010) narrative
shocks, one can further distinguish, thanks to the narrative approach, between anticipated
and unanticpated tax shocks, where the former are implemented with some lag with respect
to the announcement (Mertens and Ravn (2012)). It is also possible to disentangle tax shocks
referring to personal or corporate income (Mertens and Ravn (2013)). Unfortunately, such
further decompositions are not feasible in our context because, when we split the tax shocks
according to their sign and to the uncertainty phases, we are sometimes left with very few
observed shocks, which in addition are not evenly distributed according to the uncertainty
phases. As a consequence, the response functions, which are available upon request, are not
reliable from an econometric point of view and are hardly interpretable economically.
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relation between the two series is -0.007 and also correlation between tax shocks

and leads and lags of government spending shocks is around 0. However, if

we check Granger causality between the two series, we �nd that while the

test rejects the hypothesis that shocks to government revenues Granger cause

G shocks, the opposite is not true, i.e. it seems that G shocks anticipate T

shocks. Hence, we investigate the robustness of our results by using, as ex-

ogenous tax shocks series, the residuals of a regression of Romer and Romer

narrative shocks on Ramey shocks to G and lags of those. Results (reported

in the Appendix) are broadly consistent with those form the main analysis.

Therefore, even though we see in IRFs that government spending reacts to

narrative tax shocks, results are robust also if we remove from the Romer and

Romer shocks the part which is correlated with G adjustments.

6.5 Regime-speci�c variance-covariance matrices

One issue worth analyzing regards the way in which we treat the error vari-

ance: our framework does not allow for di�erent values of it in the two identi�ed

regimes. However, in the high-uncertainty regime, the variance-covariance ma-

trix of model's innovations is larger than the one related to the low-uncertainty

regime. Even though the concerns about not taking into account this feature

in our framework are mitigated by our identi�cation strategy, which does not

require the Cholesky decomposition of the variance-covariance matrix in order

to identify structural shocks, we conduct a robustness check on the results

by adapting the 3SLS estimator presented in Judge et al. (1980, Chapter 15

pp. 599-601) in order to implement a FGLS estimator with regime-speci�c

variance covariance matrices. Judge et al. (1980) presents, under conditions

provided by Dhrymes (1974, pp. 183-184), a consistent FGLS estimator for the

parameters of a simultaneous equations model, using the variance-covariance

matrix of 2SLS model residuals. In our context, we use OLS residuals because

we are interested only in reduced form parameters and we use regime-speci�c

variance-covariance matrices, modifying Judge et al.'s estimator as described

in a technical note reported in the Appendix.

As to the empirical results, we implement the described procedure to our

main speci�cation with both sign and uncertainty-driven nonlinearity. Figures
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reported in the Appendix show that the impulse responses derived from the

model estimated with this iterated FGLS estimator are virtually identical to

those obtained with the traditional OLS estimator. Output and consumption

respond more negatively to a tax increase when ex-ante uncertainty is high,

while they remain neutral in the low-uncertainty regime. Instead, when taxes

are cut, the economy responds more positively in periods of low macroeconomic

uncertainty and neutrally in high-uncertainty.

6.6 Generalized IRFs

The responses we have reported so far do not allow for the possibility that the

tax shocks also induce a change in regime. This might be a minor issue, because

we are interested in the reaction of the economy to tax shocks depending on

the uncertainty condition prevailing before the shock and the model is indeed

linear within-regimes. However, it is per se interesting to understand whether

the tax shocks we analyze are capable of inducing shifts in uncertainty regimes

and, also, whether the strategies we adopt to minimize the feedback e�ect of

macro variables on regimes' de�nition are e�ective.

Therefore, we compute generalized impulse response functions (GIRF), as

suggested by Koop, Pesaran and Potter (1996). In the implementation, we

follow Fagiolo, Ferraresi and Roventini (2014) (details in Appendix) and we

�nd that our results are broadly consistent with the ones presented in the main

analysis. Figures for the speci�cation without and with FFR are reported

in the Appendix. The most important di�erence with the main analysis is

that, in response to a tax increase, in the speci�cation with the FFR, we

observe a stronger monetary accommodation in the high-uncertainty regime

and therefore the response of GDP and consumption is more positive. Finally,

the most interesting point is that, since evidence from linear IRFs and from

GIRF is basically the same, the implicit assumption of no regime-shifts is

con�rmed in the data, so that tax shocks induce changes in uncertainty levels

not wide enough for regime shifting.
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7 Concluding Remarks

In this work we document that tax shocks have a remarkably di�erent impact

on economic aggregates depending on the degree of macroeconomic uncer-

tainty that agents face. In the case of expansive �scal measures, it is anyway

better for the policymaker to implement them when uncertainty about future

developments in the economy is low. On the contrary, policy implications in

the case of tax increases are less clear-cut, with monetary policy and the dy-

namic behavior of government playing a determinant role. Possibly, given the

observed importance of monetary policy, it seems to be particularly important

to coordinate �scal measures with the monetary authority reaction, in order to

soften the negative consequences of a tax increase during more uncertain times.

Finally, we observe that, while tax shocks induce movements in uncertainty,

these are not large enough to induce regime shifts.

Thanks to the empirical evidence we �nd, we also con�rm that uncertainty

is indeed an important driver of agents' behavior, giving further ground to

theoretical results drawn by the large body of literature on uncertainty shocks.

Possibly, this calls for further theoretical research about the way in which the

nature of the policy measure and the situation of uncertainty interact and on

the way this interaction contributes to the de�nition of agents' behavior.
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8 Figures

Figure 1: Correlation between macroeconomic uncertainty and Auerbach and Gorodnichenko business

cycle proxy. Light blue bars refer to periods that are de�ned as high-uncertainty regime

Figure 2: Linear VAR impulse responses, macroeconomic uncertainty model. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer

to speci�cation with GDP
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Figure 3: TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty model. Green

lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to speci�cation

with GDP

Figure 4: TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty model. Green

lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to speci�cation

with GDP
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Figure 5: TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty model. Spec-

i�cation with FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed

lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to speci�cation with GDP

Figure 6: TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty model. Spec-

i�cation with FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed

lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to speci�cation with GDP
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Figure 7: TVAR with sign nonlinearity, model with macroeconomic uncertainty residuals. Contrac-

tionary shock. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines

are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other

plots refer to speci�cation with GDP

Figure 8: TVAR with sign nonlinearity, model with macroeconomic uncertainty residuals. Expansionary

shock. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer

to speci�cation with GDP
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Figure 9: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Contractionary shock.

Speci�cation without FFR and with endogenous uncertainty. Green lines refer to low-uncertainty regime,

red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to speci�cation with GDP

Figure 10: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Expansionary shock.

Speci�cation without FFR and with endogenous uncertainty. Green lines refer to low-uncertainty regime,

red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to speci�cation with GDP
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1 VAR with sign nonlinearity

Hussain and Malik (2014) study the e�ect of tax shocks in a nonlinear framework, where

nonlinearity is introduced with respect to the sign of the shock. They use the Romer and

Romer (2010) narrative tax shocks and employ the same narrative identi�cation method,

so that they also use a small scale VAR (2 variables at most). Here, we try to answer

the same question as Hussain and Malik (2014), integrating their empirical strategy for

identifying sign nonlinearities in the Favero and Giavazzi (2012) identi�cation scheme.

In Figures 1, 2 and 3, it can be seen that the reaction of GDP does not display relevant

nonlinearity in the sign of the shock, while evidence is more favorable to sign nonlinearity

in the case of consumption and investments. For the former variable, the negative

reaction to a contractionary shock appears to be stronger than the positive one after

an expansionary shock. As to investments, instead, the maximum absolute value of

the response is analogous, but, while in the case of an expansionary shock this level is

reached few quarters after the shock and then the response reverts to pre-shock levels,

in the presence of a tax increase the adjustment is gradual. Saving rate does not show

considerable nonlinearity in sign. On the contrary, tax revenues fall by more, in absolute

terms, after a tax cut compared to the increase after a �scal contraction and government

spending falls signi�cantly during episodes of tax increases - consistently, again, with

coordinated episodes of �scal tightening - but are unchanged when taxes are reduced.

2 Threshold VAR

Impulse responses Evidence from the TVAR model without sign nonlinearity is a

bit mixed and it should be considered preliminary in relation to the fully nonlinear speci-

�cation, which considers the possibly di�erent e�ect of expansionary and contractionary

shocks. We observe in Figure 4 that, after a tax cut, the response of GDP is positive

from a statistical point of view (68% con�dence level) in the low-uncertainty regime,

while it is statistically indistinguishable from zero in the high-uncertainty one. At this

stage, however, the observed di�erence between the two regimes is limited, mainly due

to the quite relevant width of the con�dence bands for the high-uncertainty-regime im-

pulse response. Also in view of the evidence from the model with sign nonlinearity,

we argue that one of the reasons might be that not distinguishing the direction of the

shock may create noise and in�ate the con�dence bands of the impulse responses. A

similar reasoning holds for consumption and investments. Saving rates grow in both
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regimes, consistently with the evidence from the linear model, signaling that part of the

tax cut is saved rather than consumed. Government revenues fall by more in the low-

uncertainty regime, while, on the contrary, government spending is more expansionary

in the high-uncertainty regime and neutral in the low one. Similarly, in�ation grows

a bit in the �rst quarters after the shock when ex-ante macroeconomic uncertainty is

high, while it seems to be una�ected in low uncertainty situations. As to the reaction

of macroeconomic uncertainty, it grows on impact in the high-uncertainty regime � and

then it reverts to initial levels � and it decreases only slightly in the low regime.

Tests When comparing IRFs from the two di�erent uncertainty regimes, in the speci-

�cation with GDP, the �rst test, based on the absolute maximum distance of IRFs, �nds

a p-value of 0.53, while the second one, considering the cumulative distance, delivers

a lower p-value of 0.39. These values are above commonly-used statistical signi�cance

levels, but, again, this might be induced by the fact that, in this speci�cation, we fail to

take into account sign nonlinearity.

3 Additional Robustness Checks

3.1 Alternative speci�cation without uncertainty

In this robustness check, we drop the uncertainty variable from the vector of endogenous

variables and we keep it only as external threshold variable. In the TVAR model with

sign nonlinearity, the robustness of the results is strong. In the case of a 1% tax increase

(Figure 6), the nonlinearity across uncertainty regimes is even more marked than in the

favored speci�cation and the magnitude of the negative impact in the high-uncertainty

regime is stronger. Evidence is also fully robust when analyzing tax cuts (Figure 7).

The only di�erence, in this case, is that the distance between impulse responses relative

to di�erent regimes is a bit narrower than in the main speci�cation.

3.2 Alternative macroeconomic uncertainty measures

We check whether replicating the analysis with alternative measures of macroeconomic

uncertainty delivers results that are consistent with our previous ones. In particular, we

focus on a measure of macro uncertainty built by Carriero, Clark and Marcellino (2016)

and on another by Rossi and Sekhposyan (2015). An explanation of how these measures

are built is detailed below.

3.2.1 Macroeconomic Uncertainty by Carriero, Clark and Marcellino
(2016)

Carriero, Clark and Marcellino (2016) model a set of macroeconomic and �nancial vari-

ables of interest with an heteroskedastic VAR, in which they use a large cross section
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of variables and, in addition, they assume that volatilities have a factor structure with

a common and an idiosyncratic component. Then, the chosen measure of macroeco-

nomic uncertainty is de�ned as the common component referred to the macroeconomic

variables in the dataset, with another measure of �nancial uncertainty being similarly

de�ned with reference to �nancial variables. With respect to Jurado, Ludvigson, and

Ng (2016) (henceforth, JLN) measure of macroeconomic uncertainty, the one by Car-

riero, Clark and Marcellino (2016), apart from using a smaller set of macroeconomic

variables, has two speci�c features missing in JLN: 1) the speci�cation of the factor

model is such that the uncertainty measure depends on the past values of the variables

to which uncertainty refers, so that it takes into account business cycle �uctuations,

and 2) macroeconomic uncertainty in�uences �nancial uncertainty and vice-versa and

the two measures are allowed to be cross-correlated in the model. The advantage of

the methodology outlined in Carriero, Clark and Marcellino (2016) is that it allows to

build the uncertainty measures and to estimate their e�ects on real variables in a single

step, whereas JLN do so in two di�erent steps. In particular, they �nd that both macro

and �nancial uncertainty shocks lead to a decline in economic activity, with the e�ect of

macroeconomic uncertainty shocks being more pronounced, especially on some variables.

On a technical side, as in our main analysis, we consider the 6-quarter moving average

of this uncertainty variable, in order to have a smoother de�nition of regimes.

Correlation with the cycle and distribution of shocks Concerning the usual

preliminary checks on the features of the chosen uncertainty switching variable, we �nd

that the correlation with the Auerbach and Gorodnichenko (2012) business cycle proxy

is negative and not negligible (-0.47), but signi�cantly lower than the one observed for

the JLN macroeconomic uncertainty measure used in the main analysis. Overall, the

average percentile of the time series distribution of the Carriero, Clark, and Marcellino

(2016) macro uncertainty measure in which a tax shock of either sign occurs is the

52nd, while contractionary shocks take place on average when uncertainty is in its 48th

percentile and expansionary ones in the 55th.

TVAR In the speci�cation without the monetary policy variable (Figure 8) there

seems to be a remarkable di�erence in the response of GDP in the two regimes, while

consumption seems to react more strongly in periods of high uncertainty. Instead, when

we include the FFR (Figure 9), the response of GDP is slightly more reactive and positive

in the low-uncertainty regime, even though con�dence bands are quite wide. As to other

variables, there is signi�cant overlapping between con�dence bands relative to the two

regimes, but overall results are quite in line with the evidence collected in our main

analysis

TVAR with sign nonlinearity
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Contractionary shock Once more, when we focus on the model taking into

account possible nonlinearities in the direction of the tax measure, evidence is more

compelling and consistent with our main speci�cation. In the low-uncertainty regime,

the response of GDP, consumption and investments to a tax increase (Figure 10) is

virtually null, while it is evidently negative when macroeconomic uncertainty is high.

Evidence is also very consistent once we include the FFR in the speci�cation (Figure

11), with FFR declining quite strongly on impact. Con�dence bands for the high-

uncertainty regime become very wide and also the shape of the responses changes, so

that the nonlinearity across regimes can be hardly evaluated.

Expansionary shock In presence of an expansionary tax shock, in the speci-

�cation neglecting monetary policy reaction (Figure 12), we see a positive reaction of

the main aggregates when ex ante uncertainty is low, but the response is null or even

slightly negative in the high-uncertainty regime. When adding FFR to the speci�cation

(Figure 13), con�dence bands for the high-uncertainty regime become again wider, so

that, for example, di�erence across regimes becomes less compelling for GDP. On the

contrary, consumption still reacts more positively when uncertainty is low.

3.2.2 Macroeconomic Uncertainty by Rossi and Sekhposyan (2015)

An alternative macroeconomic uncertainty measure to test is the one proposed by Rossi

and Sekhposyan (2015). They also focus, as JLN, on the concept of uncertainty as re-

duced predictability of the evolution of the economy rather than on the simple increased

volatility of macroeconomic variables. In particular, they consider the forecasts, for the

main macroeconomic aggregates, provided by the Survey of Professional Forecasters over

di�erent time horizons and they de�ne their uncertainty measure as the percentile of

the historical distribution of forecast errors that is associated with the observed forecast

error. One of the advantages of their approach is that they take into account both ex

ante and ex post uncertainty about macroeconomic aggregates. On a technical side,

as in our main analysis, we consider the 6-quarter moving average of this uncertainty

variable, in order to have a smoother de�nition of regimes.

Correlation with the cycle and distribution of shocks The correlation

of this macroeconomic uncertainty series with the business cycle proxy by Auerbach

and Gorodnicheko (2012) is virtually zero, which is quite positive if one is concerned

about results being driven by the prevailing situation of the economy rather than by

the macroeconomic uncertainty level. The picture is slightly di�erent when we look at

the distribution of Romer and Romer (2010) shocks over the uncertainty distribution.

Shocks of either sign occur on average in the 51st percentile, which is quite balanced,

but, while contractionary tax shocks occur on average in the 57th, when uncertainty is

on average higher, expansionary ones take place around the 43rd, when uncertainty is

lower.
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TVAR TVAR evidence is quite consistent with the one from the main analysis. While

in the speci�cation without FFR (Figure 14) the di�erence across uncertainty regime

is not remarkable, it becomes a bit clearer in the more complete speci�cation (Figure

15). In general, the reaction of the aggregates is quite positive and responsive in the

low-uncertainty regime, while it is in general more confused in the high-uncertainty

regime.

TVAR with sign nonlinearity

Contractionary shock In the case of a contractionary tax shock, we see, in

the speci�cation without FFR (Figure 16), that GDP and consumption do not respond

negatively in the low-uncertainty regime, perhaps also due to the slight decrease of the

saving rate. Instead, in the high-uncertainty regime, the responses are negative and

quite evidently distinct from the ones of the other regime. In this case, the drop in

consumption and GDP might be linked to the increase in the saving rate in periods

of high uncertainty. However, similarly to our main analysis, this evidence becomes

confused when we add the FFR to the speci�cation (Figure 17), with the con�dence

bands of the high-uncertainty regime being extremely wide.

Expansionary shock In the case of an expansionary shock, in the model with-

out FFR, we observe in Figure 18 usual evidence regarding the main aggregates. The

response of GDP, consumption, and investments is more positive when ex ante uncer-

tainty is low, while it is negligible in the high-uncertainty situations. As a further note,

the uncertainty variable seems to jump a bit initially in the low-uncertainty regime, while

it is unchanged in the high-uncertainty one. Evidence su�ers the inclusion of the FFR

in the speci�cation (Figure 19), with the distinction among the IRFs and the related

con�dence bands becoming less marked across uncertainty regimes but for the case of

consumption, when the behavior of the aggregate remains fully consistent with the more

parsimonious speci�cation.

3.2.3 Comment on the results

The bottom line of these robustness checks in which we use alternative measures of

macroeconomic uncertainty is that results are in general very consistent with our pre-

ferred model, especially with respect to the speci�cation without FFR. Apart from one

case, evidence is consistent also when we take into account the reaction of monetary

policy into the VAR speci�cation. Overall, this seems to give quite a strong support

to our main �ndings that expansionary tax shocks are more e�ective in periods of ex

ante low macroeconomic uncertainty, while tax increases are particularly harmful when

macroeconomic uncertainty is high before the shock.
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3.3 Speci�cation with Economic Policy Uncertainty index

Before commenting on the results, we provide a description of this uncertainty variable.

The index is built by making a month-by-month search on several newspapers (Wall

Street Journal, New York Times, Washington Post, Chicago Tribune, LA Times, and

Boston Globe up to 1985 and the previous ones along with USA Today, Miami Herald,

Dallas Morning Tribune, and San Francisco Chronicle for the following period) for terms

related to economic policy uncertainty. In particular, the Authors look for the term "un-

certainty" or "uncertain", the terms "economic", "economy", "business", "commerce",

"industry", and "industrial", as well as one or more of the following words: "congress",

"legislation", "white house", "regulation", "federal reserve", "de�cit", "tari�", or "war".

Essentially, in order to be considered, the article must include terms in all three cate-

gories dealing with uncertainty, economy, and policy. Moreover, the Authors apply a

normalization to the raw count of the articles by dividing the absolute value �gure by

the total number of articles pertaining to economy or business in the newspapers. The

positive aspect of this variable is that values are available from the immediate post-war

period, so that the full series of Romer and Romer shocks is used. On the contrary, in

our main analysis with macroeconomic uncertainty, the series starts only in 1960Q3, so

that the sample is shorter. On the contrary, the Economic Policy Uncertainty index has

many drawbacks that might in�uence the results and that are partially accounted for in

the following analysis. First, it refers to overall economic policy uncertainty, so that also

monetary policy is included. As we want to study the e�ect of tax changes this might

complicate the interpretation of the results, especially in the case when the monetary

policy variable is excluded from the speci�cation. Therefore, in the present case, the

speci�cation with FFR should be considered as the preferred one. Second, the variable

shows a trending behavior for the �rst half of the sample and more, so that using a

threshold approach might be problematic in that, in addition to di�erent uncertainty

levels, the results might be driven by the fact the regimes capture the di�erent reaction

of the economy over di�erent periods of time. Since Favero and Giavazzi (2012) show

that there is remarkable di�erence in the �scal multiplier before and after the 1980's,

this might become a really relevant issue. In order to take care of this issue, in addition

to smoothing the series with a 6 quarters moving average as done for the macroeconomic

uncertainty measure, we linearly detrend it.

Correlation with the cycle and distribution of shocks The EPU index

shows limited correlation with the economic cycle. After having transformed the series

in the way just described, the correlation with the 7 quarters moving average of GDP

growth used in Auerbach and Gorodnichenko (2012) is a low -0.14. The negative sign

con�rms the fact that uncertainty tends to increase when economic conditions are worse,

but the low value ensures that variability genuinely related to policy uncertainty pre-

vails. As to the distribution of shocks over the di�erent percentiles of economic policy

uncertainty, the average percentile at which a shock of whatever sign occurs is the 55th,

it is the 56th for tax increases, and the 54th for tax cuts. So, also in this case, shocks
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seem to be quite evenly distributed over uncertainty levels.

TVAR In the speci�cation without FFR (Figure 20), nonlinearity across regimes is

not very evident, with con�dence bands of IRFs referring to the alternative uncertainty

situations showing considerable overlapping. In the speci�cation with FFR (Figure 21),

instead, evidence is more in line with our main �ndings: despite nonlinearity being

not extremely evident, GDP and consumption are more reactive in the low-uncertainty

regime.

TVAR with sign nonlinearity

Contractionary shock In Figure 22 (speci�cation without FFR) is shown that

the reaction of GDP and consumption to a 1% GDP tax increase is neutral in the low-

uncertainty regime, while it is statistically negative in the high-uncertainty one. As to

investments, instead, the model does not show relevant nonlinearity across uncertainty

regimes. Saving rate is unchanged in the high-uncertainty regime, while it decreases

slightly in the low one, con�rming that, when agents face lower levels of uncertainty,

also with respect to future policy developments, they tend to smooth consumption over

time by lowering the saving rate. Tax revenues increase in the low-uncertainty regime

and are unchanged in the high-one, likely due to the di�erent behavior of the level of

economic activity in the two regimes. Finally, EPU falls in both regimes, but the fall is

more marked in periods of high ex-ante uncertainty. In the model with FFR included

(Figure 23), evidence is coherent and the shape of IRFs for GDP is even more similar

to the model with macroeconomic uncertainty.

Expansionary shock In the case of a tax cut (Figure 24, model without FFR),

results are not in line with what expected, but, as we explained above, this might be

due to the fact that, while the EPU index is directly and critically in�uenced also by

the behavior of monetary policy, in the speci�cation without FFR we do not take into

account in any way the possible moves of the monetary policy authority. Our guess

is somewhat con�rmed by the fact that, when we examine the results from the model

where the monetary policy variable is added to the model (Figure 25), the response

of GDP, consumption and investments is signi�cantly positive when ex-ante economic

policy uncertainty is low, in line with our main evidence. On the contrary, IRFs of these

variables are neutral in the high-uncertainty regime. FFR falls by similar levels in both

regimes, while uncertainty falls by more in the low-uncertainty regime.

Comment The evidence we found in our main speci�cation using macroeconomic

uncertainty seems to be robust to the use of the EPU index, provided that the pecu-

liarities and the problems of this variable are taken into account. The robustness of
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our �ndings to the EPU is particularly relevant since, from a slightly di�erent perspec-

tive, it matches quite well our preferred concept of uncertainty, which is best embodied

by macroeconomic uncertainty. In addition, this suggests something in terms of policy

announcement and implementation: it is in general negative, both in the case of tax

increases and in the case of tax cuts, to increase uncertainty about economic policy,

which should, instead, be minimized.

3.4 Alternative speci�cations with �nancial uncertainty mea-

sures

We also try to replicate the main analysis with three measures of �nancial uncertainty.

Even though the exact meaning of �nancial uncertainty depends on which one we con-

sider, in general they deal with reduced predictability of future returns of a number of

portfolios or of �nancial variables or with predicted increased volatility in market prices.

Two of the variables we use are the closest counterparts of our macro uncertainty mea-

sures: The �rst is a �nancial uncertainty variable built by Carriero, Clark and Marcellino

(2016) and the second is the one proposed by Ludvigson, Ma and Ng (2016). The third

�nancial variable we use to check results is the VXO, a measure of options' implied

volatility 30 days ahead. Di�erently from the case of macroeconomic uncertainty, it is

not easy to have a prior about the link between �nancial uncertainty and the way in

which agents react to tax shocks and, therefore, about the results one can �nd. The

easiest guess is that saving decisions should play a role. As we will see, evidence varies

depending on which uncertainty variable is considered and it is partially at odds with

previous one obtained from macroeconomic and economic policy uncertainty. Overall,

this should not be too surprising, since, as we have said, �nancial uncertainty di�ers

remarkably from the concept of uncertainty which we are mainly interested in and, in

addition, there is no clear theoretical framework according to which one should evaluate

results.

3.4.1 Financial Uncertainty measure by Carriero, Clark, and Mar-
cellino (2016)

In brief, this uncertainty variable is built within the same framework of Carriero, Clark

and Marcellino (2016) described before. The di�erence is that it considers the com-

mon component of the volatility referred to �nancial variables in the model instead of

macroeconomic ones. It is relevant to recall at this point that, given the way in which

this uncertainty measure is built: 1) �nancial uncertainty is in�uenced by and in�uences

macroeconomic uncertainty and 2) innovations of both are allowed to be cross-correlated.

Correlation with the cycle and distribution of shocks As to the preliminary

description of the behavior of this series, we �nd that the correlation with the business

cycle proxy by Auerbach and Gorodnicheko (2012) is negative, as expected, but lower
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than in the case of macroeconomic uncertainty (-0.39). Overall, also in this case the

distribution of tax shocks over the time series distribution of the uncertainty measure

is quite balanced: A shock of either sign occurs on average in the 48th percentile of the

uncertainty distribution and the �gure is the same also for positive and negative shocks.

TVAR We �nd evidence which is consistent with previous one and strengthens it

further, as the distinction between regimes is even stronger than in the main analysis.

In particular, in both speci�cations with and without FFR (Figures 27 and 26), all the

main aggregates seem to be more reactive during the low-uncertainty regime, while the

response is either muted or in the wrong direction in high-uncertainty periods.

TVAR with sign nonlinearity

Contractionary shock In the TVAR with sign nonlinearity, in the case of a

tax increase, we �nd that the reaction of the economy is in general neutral in the low-

uncertainty regime, similarly in the two speci�cations with (Figure 29) and without

(Figure 28) the FFR. Instead, in the high-uncertainty regime, the responses are more

negative in the speci�cation without FFR, while the evidence is more mixed in the

speci�cation including FFR, especially with regard to investments.

Expansionary shock Evidence is virtually identical across speci�cations (Fig-

ures 30 and 31) and it sees the reaction of GDP, consumption, and investments being

more responsive - in the positive direction - in the low-uncertainty regime and negligible

in the high-uncertainty one. Instead, in�ation increases in the high-uncertainty regime

and, perhaps as a consequence, we also see monetary policy being contractionary in the

same regime.

3.4.2 Financial Uncertainty measure by Ludvigson, Ma, and Ng (2016)

The �nancial uncertainty variable is built in a similar way as the macroeconomic uncer-

tainty variable in JLN, but it is the weighted average of MSFE of variables capturing the

returns of several �nancial portfolios. Therefore it should capture the level of uncertainty

agents face about future returns in the �nancial market.

Correlation with the cycle and distribution of shocks The correlation of

this uncertainty variable with the Auerbach and Gorodnichenko (2012) business cycle

variable is a quite low -0.37, so that common movements appear to be quite limited in

this case. The distribution of shock over di�erent uncertainty levels seems to be, also in

this case, quite even. Shocks of any sign occur on average in the 47th percentile of the

time series distribution of uncertainty. These percentiles are the 46th for contractionary

shocks and the 47th for expansionary ones. As we will comment below, results related to
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this uncertainty variable are the most di�erent from those obtained in our main analysis

and this can be explained in view of the fact that this uncertainty variable, among all

those employed, also captures the most dissimilar concept of uncertainty.

TVAR In both speci�cations with and without FFR (Figures 33 and 32 respectively),

we �nd that evidence for GDP, consumption and investments is consistent with our

main �ndings, in that aggregates seem to be more responsive when ex-ante �nancial

uncertainty is low, while the response is more muted in the high-uncertainty regime.

TVAR with sign nonlinearity

Contractionary shock In the speci�cation without FFR (Figure 34), GDP

responds, to a 1% tax increase, negatively and similarly in both regimes. The same is

true for consumption, but for the fact that the aggregate tends to fall more in the high-

uncertainty regime towards the end of the time horizon. On the contrary, investments

respond negatively, as one would expect, in the low-uncertainty regime, and positively

in the high one.

When we include FFR in the speci�cation (Figure 35), GDP response in the high-

uncertainty regime is slightly positive at �rst - but zero is included in the con�dence

bands on the entire horizon - and then neutral. On the other hand, the reaction in the

low-uncertainty regime is negative in a statistically signi�cant way for few quarters after

the shock, with a zero-reverting behavior over the horizon. Analogous behavior is shown

by consumption. Investments, instead, are in practice unchanged when ex-ante �nancial

uncertainty is low, while, in the high-uncertainty regime, they �rst rise on impact, have a

peak around the �fth quarter after the shock, and then revert back to zero. Interestingly,

the saving rate follows an inverted pattern. While it is virtually una�ected in the low-

uncertainty regime, it falls evidently in the high one, with the maximum decrease at 5

quarters after the shock, and then reverts back to pre-shock levels.

Expansionary shock In the speci�cation not including FFR (Figure 36), GDP,

consumption and investments seem to respond more positively to a tax cut in the low un-

certainty regime, with the di�erence with the high-uncertainty regime being particularly

evident in the case of consumption.

When we include FFR (Figure 37), the behavior of the main aggregates is mixed

and �nding a pattern across uncertainty regimes is not easy. For example, GDP rises

on impact in the high-uncertainty regime and falls on impact in low one, but there-

after, while the response in the high-uncertainty regime remains positive but weaker in

magnitude, the reaction in the low-uncertainty situation becomes positive and stronger

in magnitude as quarters go. Consumption instead is virtually una�ected in the high-

uncertainty regime, but it gradually increases over time in the low one. Investments,

instead, jump up considerably when ex-ante uncertainty about future �nancial returns

is high, but then this positive reaction vanishes quite rapidly. On the contrary, in the
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low-uncertainty regime, the positive response is muted �rst and then increases mildly.

As to saving rate, even though the degree of overlapping between con�dence bands is

relevant, the pattern suggests a sharper increase when �nancial uncertainty is low and

a lower increase when uncertainty is high.

3.4.3 VXO

As a further robustness check to our results, we use the VXO, an alternative measure of

�nancial uncertainty, as uncertainty variable. It is built by the CBOE and it is meant

to track expectations for short-term (30 days) volatility in the US stock market. This

is done by measuring the implied volatility on S&P 100 options and therefore can be

considered a measure of uncertainty of investors about future market developments.

While the VIX is a wider measure of uncertainty, because it is based on the S&P 500

options, it is available on a shorter span of time and that is why we choose to used the

VXO.

Correlation with the cycle and distribution of shocks We notice that the

correlation with the business cycle measure by Auerbach and Gorodnichenko (2012) is

negative but low (-0.24) and also that narrative tax shocks are quite evenly distributed

over uncertainty levels, with shocks occurring on average in the 47th percentile of the

historical VXO distribution.

TVAR In Figures 38 and 39 we see impulse responses of the TVAR model without

sign nonlinearity in the speci�cations without and with FFR. In general, we see the

direction of the movements being quite in line with the main analysis. The reaction is

stronger, in the positive direction, in the low-uncertainty regime, but with this measure

of �nancial uncertainty bands of impulse responses are much wider and the pattern is

overall less clear than in the case of macro uncertainty.

TVAR with sign nonlinearity

Contractionary shock In the speci�cation without FFR (Figure 40), we have

evidence which is consistent with the main analysis. The response of GDP and con-

sumption is quite evidently negative in the high-uncertainty regime, while it is neutral

in the low one. Also, in this case we see government revenues vary by similar amounts in

both regimes and the fall in government spending in the high-uncertainty regime is less

marked that in the speci�cation with the macro uncertainty measure by JLN. As before,

we have the saving rate increasing slightly in the high-uncertainty regime and falling

strongly in periods when ex-ante uncertainty is high. As to investments, zero is always

included in con�dence bands for both regimes, but the direction of the movement is,

in both uncertainty situations, towards the negative side. However, the reaction seems

to be better in the high-uncertainty regime, as we see the uncertainty measure (VXO)
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falling strongly in this regime. Evidence is also partially in line with the previous one

when we include FFR (Figure 41): the nonlinearity in uncertainty vanishes for GDP and

consumption, but the FFR does not show strong accommodation in the high-uncertainty

regime as in the main analysis. However, investments increase in the high-uncertainty

regime (and decrease slightly in the low one) as the VXO falls by more in this regime.

Expansionary shock As to tax cuts, we see similar evidence in both speci�ca-

tions without (Figure 42) and with (Figure 43) the FFR. The response of aggregates

seems to be slightly more positive in the low-uncertainty regime. The reaction of gov-

ernment revenues and government spending is similar in both regimes and saving rate

increase by more in the high-uncertainty regime. VXO increases following a tax cut in

the high-uncertainty regime and falls in the low-uncertainty regime, consistently across

speci�cations.

3.4.4 Comment on the results

As previously pointed out, commenting on the results obtained using �nancial uncer-

tainty measures is not easy, both because they are dependent on the choice of the variable

and also because we have no theoretical prior to use as a benchmark. We think that, in

this context, it is worth trying to explain the observed di�erences in the results obtained

with the three di�erent measures. As we have previously outlined, the �nancial uncer-

tainty variable by Carriero, Clark and Marcellino (2016) is allowed to be a�ected by

macroeconomic uncertainty and correlation between the two is modelled. Similarly, the

VXO, which is based directly on market-implied volatilty, re�ects not only variations

purely related to �nancial issues, but also re�ects uncertainty about future developments

in the macroeconomic �eld. Instead, the uncertainty measure by Ludvigson, Ma and

Ng (2016) is based on a dataset of �nancial portfolios returns only and therefore is not

explicitly in�uenced by �uctuations in macro uncertainty. Our view is that this feature

might be behind the observed di�erences. Moreover, our guess is that results regarding

�nancial uncertainty are di�erent from our main analysis, �rst of all, because the object

of investigation changes if the concept of uncertainty we deal with changes. This guess

is supported by the fact that results are otherwise robust to analysis with other mea-

sures of macro and economic policy uncertainty. In addition, the fact that the variable

by Carriero, Clark and Marcellino (2016) and the VXO are more directly linked with

and in�uenced by our preferred concept of uncertainty is consistent with observing more

similar results than in the case of the Ludvigson, Ma and Ng (2016) variable.
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4 Application of the model to Auerbach and Gorod-

nichenko (2012) proxy

In this section we replicate our TVAR model with sign nonlinearity using as a threshold

variable �rst the business cycle proxy by Auerbach and Gorodnichenko (2012) in order

to see how their results might be a�ected by the change of econometric framework and

identi�cation strategy.

Contractionary tax shock The response of GDP to a 1% tax increase (Figure 44)

shows no remarkable di�erence, at least with respect to point estimates, across regimes.

However, the upper bound of the con�dence bands, in the case of the bad-economic-

conditions regime, is very far from the point-estimate of the IRF and at very high levels.

The case of consumption is di�erent: in presence of ex-ante worse economic conditions,

the response of consumption seems to be worse than in periods when the economy is

in better shape, even though also in this case the upper con�dence band of the former

regime is very wide. Investments, instead, spike on impact in the bad-conditions regime

(and then revert to zero), but are una�ected by a tax increase when economic conditions

are good. A look at the IRF of saving rate suggests an explanation for the observed

behavior of consumption: propensity to save income increases after a tax increase during

economic downturns, while it decreases slightly during periods of economic expansion.

Expansionary tax shock Figure 45 reports the results for an expansioanry tax

shock: the di�erence between impulse responses of di�erent regimes is much less evident

than in our main analysis. GDP seems to react slightly more positively to a tax expansion

in the low-regime, i.e. when the economic conditions are worse, but the reaction is

statistically positive in both regimes. The same holds true for consumption and for

investments, where the initial increase in the bad-economic-conditions regime is quite

marked compared to the one in the other regime. Interestingly, evidence shows that

the response of the saving rate is strongly positive in the case of ex-ante bad economic

conditions and remarkably stronger than in the alternative regime, where the IRF is

nonetheless positive. Government revenues fall by analogous amounts in both regimes

and in�ation increases more in the good-economic-conditions regime, which is perfectly

in line with the theory of �scal stimuli carried out when the economy is already in an

expansionary phase of the cycle.

Comment Overall, the results we get with the Auerbach and Gorodnicheko transition

variable are quite di�erent from theirs, since �scal measures are not observed to have

a remarkable di�erent impact in economic expansions and downturns. Obviously, there

are a number of crucial di�erences between our framework and theirs, of which the

most immediate and evident one is our interest in tax shocks rather than in government

spending shocks. A more sensible comparison regards how well a model de�ning regimes
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with respect to macroeconomic uncertainty performs as opposed to a model having as

a threshold variable a business cycle proxy. So, we compute information criteria for our

main speci�cation and for the robustness model under analysis. The multivariate Akaike

information criterion seems to prefer the business cycle model (3,963 of the uncertainty

model vs 2,939 of the �business cycle� one), however the Bayesian Information Criterion

prefers our main speci�cation with macroeconomic uncertainty (8,331 vs 8,651). Overall,

the fact that the two information criteria are very close and, in addition, give contrasting

answers depending on which one is considered suggest that the �t of the model nonlinear

with respect to uncertainty is at least as good as the one considering the business cycle.

5 Description of the Iterated FGLS estimator

In order to derive our estimator with regime-speci�c variance-covariance matrices we

start from Judge et al. (1980, Chapter 15 pp. 599-601) model for systems of simultaneous

equations. They start from the model:

Y Γ = XB + E

where Y and E are T ×M matrices and X is T × K. For the i − th equation, they

assume that m∗i of theM endogenous variables and k∗i of the K predetermined variables

have zero coe�ents. The remaining mi = M −m∗i −1 unkown elements of Γi (γii = −1)
and the remaning ki = K−k∗i unknown elements of Bi are to be estimated. In our case,

we have that, for the i− th equation, all coe�cients of Γi - the i− th row of Γ - apart

from γii are null and k
∗
i = 0. Therefore, the i− th equation can be rewritten as:

yi =
[
Yi Xi

] [ γi
βi

]
+ ei

= Ziδi + ei, i = 1, . . . ,M

where, in our case, Zi = X, γi = 0 , and yi = Xβi + ei. The system of equations can

be further re-written as
y1

y2
...

yM

 =


X

X
. . .

X




β1
β2
...

βM

+


e1
e2
...

eM


and, more compactly y = Zβ + e. In our framework, the model written in this way

delivers the reduced form parameters in which we are interested in vector form and we

estimate them by OLS. Then, Judge et al. (1980) derive a 2SLS estimator for β, which
is clearly needed if Zi includes some endogenous variables, but it is not needed if, as

in our case, all variables on the r.h.s are predetermined and the OLS estimator for β is

consistent. Indeed, the 2SLS estimator in Judge is
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β̃i =
(
Ẑ

′
iẐi

)−1
Ẑ

′
iyi (1)

where Ẑi =
[
Ŷi Xi

]
=
[
XΠ̂i Xi

]
and Π̂i is the OLS estimator of the reduced form

model (Π = BΓ−1). In our context, we have that, since all the coe�cients related to

the Ŷi term in Ẑi are zero, then Ẑi = X and β̃i = βOLS
i = Πi and the 2SLS estimator

of Judge et al (1980) coincides with the OLS one. Then Judge et al. go further and

propose a 3SLS estimator, because under conditons normally ful�lled in practice they

show that the e�ciency of the estimator for β improves if allM equations are estimated

jointly by a GLS estimator. They show that the formula for this estimator is

β̃∗ =
{
Z ′
[
Σ−1 ⊗X

(
X ′X

)−1
X ′
]
Z
}−1

Z ′
[
Σ−1 ⊗X

(
X ′X

)−1
X ′
]
y

where ⊗ denotes the Kronecker product and, as we have previously pointed out, in our

case Z = IM ⊗ X . The feasible version of this GLS estimator is obtained using the

residuals from the 2SLS estimation, which, in our case, coincide with the OLS residuals.

In particular, in the present case residuals will be in vector form

e =


e1
e2
...

eM


and should be rearranged in matrix form as E =

[
e1 e2 · · · eM

]
, so that Σ̂ = E′E.

In our framework, the problem is that Σ is a weighted average of the variance-

covariance matrix of the error terms of the two uncertainty regimes. Indeed, if we de�ne

1j =
[

1 1 · · · 1
]

j times

and 1ij =


1 1 · · · 1
1 1 · · · 1
...

...
. . .

...

1 1 · · · 1


j times

i times and we call d the 0− 1 vector

de�ning regimes, then we can compute empirically

Σ̂1 = [(d⊗ 1M)E]
′
[(d⊗ 1M)E] (2)

and

Σ̂0 =
[
((1

′
T − d)⊗ 1M)E

]′ [
((1

′
T − d)⊗ 1M)E

]
(3)

which are the regime-speci�c variance-covariance matrices.

Therefore, after having estimated the reduced form model, we estimate the two

matrices Σ̂0 and Σ̂1 with the residuals and we compute an adaptation of Judge et al's

3SLS estimator. In particular, if we de�ne D = d⊗ 1T , then our proposed estimator is:
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βFGLS−RSV =
{
Z ′
[
Σ̂−1∗ ∗

(
X
(
X ′X

)−1
X ′
)]
Z
}−1

Z ′
[
Σ̂−1∗ ∗

(
X
(
X ′X

)−1
X ′
)]

y

(4)

where Σ̂−1∗ =
[
Σ̂−10 ⊗ (1TT −D) + Σ̂−11 ⊗D

]
, ∗ denotes the element-by-element prod-

uct and all other objects entering the expression are de�ned above. Taking the residuals

from the model using the new estimator, we can compute the updated regime-speci�c

variance-covariance matrices. It is important to notice that, in our nonlinear framework,

in the passage from OLS to FGLS we allow the threshold to vary, i.e. we take into ac-

count that the threshold level of the switching variable minimizing the sum of squared

residuals may change when we change the estimation method.

As a further step, once we have estimated the new coe�cients, residuals, and regime-

speci�c variance-covariances, we iterate the previous FGLS estimator until there is a

convergence of the estimated coe�cients, i.e. until the norm distance between the esti-

mates at two subsequent steps is su�ciently small (we �x it at 10−6). To sum up, the

steps are:

1. Estimate the OLS model with Y in vector form y according to (1)

2. Rearrange the residuals in matrix form E =
[
e1 e2 · · · eM

]
and, according

to (2) and (3) compute the regime-speci�c variance-covariance matrices given the

threshold for the switching variable identi�ed by the OLS model.

3. Compute, doing grid search over all possible thresholds of the switiching variable,

β
(1)
FGLS−RSV according to (4), where the superscript refers to the fact that this

is the �rst iteration. Then choose the estimate minimizing the sum of squared

residuals and compute the residuals E(1) , Σ̂
(1)
0 and Σ̂

(1)
1 .

4. Repeat step 3 until there is convergence between estimates, keeping in mind that,

at each iteration, the chosen threshold level for the switching variable can change.

Written with the correct superscripts, the FGLS estimator at step (i) is

β
(i)
FGLS−RSV =

{
Z ′
[

ˆ
Σ
(i−1)
∗

−1
∗
(
X
(
X ′X

)−1
X ′
)]
Z

}−1
Z ′
[

ˆ
Σ
(i−1)
∗

−1
∗
(
X
(
X ′X

)−1
X ′
)]

y

and the iteration is repeated until
∥∥∥β(i)FGLS−RSV − β

(i−1)
FGLS−RSV

∥∥∥ < ε, with ‖·‖
denoting the norm and ε being a chosen tolerance level.

6 Computation of the GIRFs

The algorithm for GIRF speci�c to each regime with a time horizon of h has the following

steps:
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1. choose a history {Ωt−i}pi=0 from original Y data, where p is the order of the VAR;

2. choose a sequence of shocks of length h considering a random starting point;

3. given the history {Ωt−i}pi=0 , the estimated coe�cients from the original model

and chosen sequence of residuals, simulate the evolution of the model over the

desired time horizon not considering exogenous shocks to taxes;

4. repeat step 3 adding to time 0 variables the estimated impact of a 1% narrative

tax shock;

5. repeat B=200 times the steps from 2 to 4;

6. compute the average di�erence between the shocked path (point 4) and the non-

shocked one (point 3);

7. repeat steps from 1 to 6 considering all the possible starting points (histories);

8. the average GIRF associated with a speci�c regime is the average of those GIRFs

obtained considering starting conditions for which the regime at time 0 was the

one of interest

Once GIRFs are obtained, con�dence bands are obtained by bootstrapping, following

this algorithm:

1. "simulated" data are generated recursively using estimated coe�cients and the

bootstrapped residuals from the nonlinear model;

2. using the "new" dataset, the nonlinear model is re-estimated keeping the threshold
de�ning regimes �xed and storing the "new" residuals;

3. with the original dataset for starting conditions and the newly computed coe�-

cients and errors, GIRFs are computed following the steps described above;

4. steps 1-3 are repeated S = 300 times to generate a sample distribution of the

GIRFs from which con�dence bands are drawn at the respective signi�cance level.
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7 Figures

Figure 1: VAR with sign nonlinearity, macroeconomic uncertainty model. Dashed lines are 68% con�dence

bands. The left column refers to a contractionary tax shocks, right column to expansionary tax shock. IRFs for

GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 2: VAR with sign nonlinearity, macroeconomic uncertainty model. Dashed lines are 68% con�dence

bands. The left column refers to a contractionary tax shocks, right column to expansionary tax shock. IRFs for

GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 3: VAR with sign nonlinearity, macroeconomic uncertainty model. Dashed lines are 68% con�dence

bands. The left column refers to a contractionary tax shocks, right column to expansionary tax shock. IRFs for

GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 4: TVAR impulse responses, macroeconomic uncertainty model. Speci�cation without FFR. Green

lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands.

IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with

GDP

Figure 5: TVAR macroeconomic uncertainty model. Speci�cation without macroeconomic uncertainty vari-

able endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are

68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer

to the speci�cation with GDP
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Figure 6: TVAR with sign nonlinearity, macroeconomic uncertainty model. Contractionary shock. Speci�ca-

tion without macroeconomic uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 7: TVAR with sign nonlinearity, macroeconomic uncertainty model. Expansionary shock. Speci�ca-

tion without macroeconomic uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 8: TVAR, CCM macro uncertainty model. Speci�cation without FFR and with uncertainty variable.

Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation

with GDP

Figure 9: TVAR, CCM macro uncertainty model. Speci�cation with FFR and with uncertainty variable.

Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation

with GDP
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Figure 10: TVAR with sign nonlinearity, CCMmacro uncertainty model. Contractionary shock. Speci�cation

without FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines to high-

uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent

speci�cations. All other plots refer to the speci�cation with GDP

Figure 11: TVAR with sign nonlinearity, CCMmacro uncertainty model. Contractionary shock. Speci�cation

with FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines to high-

uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent

speci�cations. All other plots refer to the speci�cation with GDP
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Figure 12: TVAR with sign nonlinearity, CCM macro uncertainty model. Expansionary shock. Speci�cation

without FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines to high-

uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent

speci�cations. All other plots refer to the speci�cation with GDP

Figure 13: TVAR with sign nonlinearity, CCM macro uncertainty model. Expansionary shock. Speci�cation

with FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines to high-

uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent

speci�cations. All other plots refer to the speci�cation with GDP
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Figure 14: TVAR, Rossi et al. macro uncertainty model. Speci�cation without FFR and with uncertainty

variable. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP

Figure 15: TVAR, Rossi et al. macro uncertainty model. Speci�cation with FFR and with uncertainty

variable. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP
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Figure 16: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Contractionary shock.

Speci�cation without FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 17: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Contractionary shock.

Speci�cation with FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 18: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Expansionary shock.

Speci�cation without FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 19: TVAR with sign nonlinearity, Rossi et al. macro uncertainty model. Expansionary shock.

Speci�cation with FFR and with uncertainty endogenous. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 20: TVAR, economic policy uncertainty model. Speci�cation without FFR and with economic policy

uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one.

Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to the speci�cation with GDP

Figure 21: TVAR, economic policy uncertainty model. Speci�cation with FFR and with economic policy

uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one.

Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to the speci�cation with GDP
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Figure 22: TVAR with sign nonlinearity, economic policy uncertainty model. Contractionary shock. Spec-

i�cation without FFR and with economic policy uncertainty variable endogenous. Green lines refer to low-

uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C,

I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 23: TVAR with sign nonlinearity, economic policy uncertainty model. Contractionary shock. Speci�-

cation with FFR and with economic policy uncertainty variable endogenous. Green lines refer to low-uncertainty

regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 24: TVAR with sign nonlinearity, economic policy uncertainty model. Expansionary shock. Speci�ca-

tion without FFR and with economic policy uncertainty variable endogenous. Green lines refer to low-uncertainty

regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 25: TVAR with sign nonlinearity, economic policy uncertainty model. Expansionary shock. Speci�-

cation with FFR and with economic policy uncertainty variable endogenous. Green lines refer to low-uncertainty

regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 26: TVAR, CCM �nancial uncertainty model. Speci�cation without FFR and with uncertainty

variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines

are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots

refer to the speci�cation with GDP

Figure 27: TVAR, CCM �nancial uncertainty model. Speci�cation with FFR and with uncertainty variable

endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP
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Figure 28: TVAR with sign nonlinearity, CCM �nancial uncertainty. Speci�cation without FFR and with

uncertainty variable endogenous. Contractionary shock. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 29: TVAR with sign nonlinearity, CCM �nancial uncertainty. Speci�cation with FFR and with

uncertainty variable endogenous. Contractionary shock. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 30: TVAR with sign nonlinearity, CCM �nancial uncertainty. Speci�cation without FFR and with

uncertainty variable endogenous. Expansionary shock. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 31: TVAR with sign nonlinearity, CCM �nancial uncertainty. Speci�cation with FFR and with

uncertainty variable endogenous. Expansionary shock. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 32: TVAR, LMN �nancial uncertainty model. Speci�cation without FFR and with uncertainty

variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines

are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots

refer to the speci�cation with GDP

Figure 33: TVAR, LMN �nancial uncertainty model. Speci�cation with FFR and with uncertainty variable

endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP
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Figure 34: TVAR with sign nonlinearity, LMN �nancial uncertainty model. Contractionary shock. Speci�-

cation without FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 35: TVAR with sign nonlinearity, LMN �nancial uncertainty model. Contractionary shock. Speci-

�cation with FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 36: TVAR with sign nonlinearity, LMN �nancial uncertainty model. Expansionary shock. Speci�-

cation without FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red

lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer

to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 37: TVAR with sign nonlinearity, LMN �nancial uncertainty model. Expansionary shock. Speci�ca-

tion with FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines

to high-uncertainty one. Dotted lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to

di�erent speci�cations. All other plots refer to the speci�cation with GDP

38



Figure 38: TVAR, VXO model. Speci�cation without FFR and with uncertainty variable endogenous. Green

lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands.

IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with

GDP

Figure 39: TVAR, VXO model. Speci�cation with FFR and with uncertainty variable endogenous. Green

lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands.

IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with

GDP
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Figure 40: TVAR with sign nonlinearity, VXO model. Contractionary shock. Speci�cation without FFR and

with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty

one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations.

All other plots refer to the speci�cation with GDP

Figure 41: TVAR with sign nonlinearity, VXO model. Contractionary shock. Speci�cation with FFR and

with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty

one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations.

All other plots refer to the speci�cation with GDP
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Figure 42: TVAR with sign nonlinearity, VXO model. Expansionary shock. Speci�cation without FFR and

with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty

one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations.

All other plots refer to the speci�cation with GDP

Figure 43: TVAR with sign nonlinearity, VXO model. Expansionary shock. Speci�cation with FFR and

with uncertainty variable endogenous. Green lines refer to low-uncertainty regime, red lines to high-uncertainty

one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations.

All other plots refer to the speci�cation with GDP
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Figure 44: TVAR with sign nonlinearity, business cycle model. Contractionary shock. Green lines refer to

recession regime, red lines to expansion one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and

saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 45: TVAR with sign nonlinearity, business cycle model. Expansionary shock. Green lines refer to

recession regime, red lines to expansion one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and

saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 46: TVAR with sign nonlinearity, model with macroeconomic uncertainty residuals. Contractionary

shock. Speci�cation with FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty

regime, red lines to high-uncertainty one. Dotted lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP

Figure 47: TVAR with sign nonlinearity, model with macroeconomic uncertainty residuals. Expansionary

shock. Speci�cation with FFR and with uncertainty variable endogenous. Green lines refer to low-uncertainty

regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving

rate refer to di�erent speci�cations. All other plots refer to the speci�cation with GDP
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Figure 48: TVAR with sign nonlinearity, main speci�cation, IFGLS model with regime-speci�c VCV matrix.

Contractionary shock. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed

lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other

plots refer to the speci�cation with GDP

Figure 49: TVAR with sign nonlinearity, main speci�cation, IFGLS model with regime-speci�c VCV matrix.

Expansionary shock. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines

are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots

refer to the speci�cation with GDP
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Figure 50: TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty model. Narrative

shocks are residuals of a regression of Romer and Romer tax shocks on Ramey G shocks. Speci�cation without

FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP

Figure 51: TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty model. Narrative

shocks are residuals of a regression of Romer and Romer tax shocks on Ramey G shocks. Speci�cation without

FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP
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Figure 52: TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty model. Narrative

shocks are residuals of a regression of Romer and Romer tax shocks on Ramey G shocks. Speci�cation with FFR.

Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation

with GDP

Figure 53: TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty model. Narrative

shocks are residuals of a regression of Romer and Romer tax shocks on Ramey G shocks. Speci�cation with FFR.

Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68% con�dence

bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the speci�cation

with GDP
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Figure 54: Generalized IRFs. TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty

model. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP

Figure 55: Generalized IRFs. TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty

model. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one. Dashed lines are 68%

con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All other plots refer to the

speci�cation with GDP
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Figure 56: Generalized IRFs. TVAR with sign nonlinearity, contractionary shock, macroeconomic uncertainty

model. Speci�cation with FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one.

Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to the speci�cation with GDP

Figure 57: Generalized IRFs. TVAR with sign nonlinearity, expansionary shock, macroeconomic uncertainty

model. Speci�cation with FFR. Green lines refer to low-uncertainty regime, red lines to high-uncertainty one.

Dashed lines are 68% con�dence bands. IRFs for GDP, C, I and saving rate refer to di�erent speci�cations. All

other plots refer to the speci�cation with GDP
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