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ABSTRACT

This dissertation demonstrates how to measure uncertainty as a stochastic volatility
(SV) process, focusing on the effects of fiscal policy uncertainty on macroeconomic
aggregates. Also, the study split the standard representative agent structure into a two-
agent framework, allowing the understanding of how hand-to-mouth agents are affected
by these shocks and highlighting an important transmission channel through the labor
market. Furthermore, this was the first study to estimate and explore the effects of tax
and spending uncertainty in Brazil. SV estimation underlines the importance of proper
measurement of relevant aggregate tax rates, which are still limited for Brazil. In the first
chapter, we explore the literature on SV and how it can be understood as an uncertainty
measurement. We develop a survey about SV models and estimation procedures using
particle filters, assessing their application in the macroeconomic literature, in the hope
of cooperating with future studies on the same subject, which still has much room for
improvement. To demonstrate the transmission channels of fiscal policy uncertainty, we
build a two-agent new Keynesian (TANK) model with SV shocks. First, we show that
a TANK model highlights the importance of the labor market on the transmission of
uncertainty to households, reinforcing the real consequences that uncertainty shocks have
on the economy. Next, we show that these shocks can be amplified by combining a
fraction of hand-to-mouth agents on the economy and their risk-aversion characteristics.
By extending our analysis to a developing country and comparing results for the US
and Brazil, we are able to understand what attributes of a country lead to different
results, which is mainly driven by the hand-to-mouth agent’s wealth characteristics. The
model also allows us to understand how government spending can be managed to ease
the negative impact on households, demonstrating how a policy that generates similar
outcomes on output can harm agents’ constitution level in such a way that a government
that expands spending to counterbalance a fall in activity ends up harming agents a lot
more than if it chose to cut down on expenses.
JEL: E12, E23, E32, E52, E62.
Keywords: fiscal policy. Volatility. Uncertainty. New Keynesian model. Two-Agent
model.



RESUMO

Esta tese se propõe a indicar como mensurar incerteza como um processo de volatilidade
estocástica, focando nos efeitos de choques de incerteza fiscal nos agregados macroeconômi-
cas. Além disso, o estudo se distancia do conceito padrão de um agente representativo
para uma estrutura com dois agentes, o que permite entender como agentes hand-to-mouth
são impactados por esse tipo de choque e destaca a importância do mercado de trabalho
como canal de transmissão. Ainda, esse é o primeiro estudo a estimar e explorar os
efeitos de incerteza quanto aos gastos do governo e taxação no Brasil. A estimação da
volatilidade estocástica para esses agregados destaca a importância desses dados, que ainda
são limitados no Brasil. No primeiro capítulo, a literatura sobre volatilidade estocástica é
analisada, destacando como esse processo pode ser compreendido como uma métrica de
incerteza. Desse modo, é desenvolvida uma survey sobre os modelos e procedimentos de
estimação com filtro de partículas, assim como sua aplicação na literatura de macroecono-
mia, com a expectativa de cooperar com estudos futuros que busquem analisar esse tempo,
o qual ainda tem muitas oportunidades de desenvolvimento. Para demonstrar os canais
de transmissão dos choques de incerteza fiscal, construiu-se um modelo Novo Keynesiano
de dois agentes (TANK) com choques de volatilidade estocástica. Primeiro, apontamos
que um TANK permite que o mercado de trabalho se mostre como um meio relevante
para que o choque atinja as famílias. Em seguida, mostramos que esses choques podem
ser amplificados pala proporção de agentes com acesso a títulos nessa economia, assim
como suas características de aversão a risco. Essa análise é possível a partir da extensão
da análise para um país em desenvolvimento, comparando resultados para os Estados
Unidos e Brasil. O modelo também permite entender o impacto da reação dos gastos do
governo para diminuir o efeito do choque de incerteza nas famílias, de tal modo que um
governo que busque expandir os gastos para contrabalancear a queda na atividade, acaba
por prejudicar mais os agentes do que se optasse por conter gastos.
Keywords: Política fiscal. Volatilidade. Incerteza, Modelo Novo Keynesiano. DSGE.
Volatilidade fiscal. Filtro de partículas.
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1 INTRODUCTION

The significant decrease of natural rates of interest in both advanced and emerging
economies has put some pressure on monetary policy, which lost much room to stimulate
the economy during a downturn. In a scenario of low growth, inflation, and interest rates,
the government may be compelled to take action by using its fiscal capacity to stimulate
the economy. The use of discretionary fiscal policy to reactivate economic performance
when aggregate demand and interest rates are low has been described in the economics
literature at least since Feldstein (2002), and every time this combination hits a country
and the central bank seems to run out of ammunition to fight a downturn, this policy
makes a comeback. However, fiscal policy decisions are not as easy to be taken as are
monetary policy decisions. Fiscal adjustments are under the influence of politicians, who
may have political interest in its usage and a different interpretation of what an active
fiscal policy implies. Even with increased levels of public indebtedness, governments can
be tempted to use fiscal instruments to fight back an economic slowdown, increasing the
concern about debt sustainability. Furthermore, depending on the system of governance,
some fiscal action has to be approved by the Congress, leading to a long waiting period of
uncertainty.

Among the aggregate effects of uncertainty described by Bloom (), an increase in
uncertainty may depress investment due to the “wait-and-see” approach. This behavior of
firms would harm households, which would have to use precautionary savings to hedge
against an unexpected decrease in their income. At the same time, Kaplan, Violante and
Weidner (2014) highlight that a great fraction of individuals in the US are borrowing-
constrained, with few liquid assets in their portfolios. Kuhn, Schularick and Steins (2017)
also show the evolution of portfolio composition of households according to their income
level, showing that those in the bottom half of the distribution have a high level of
indebtedness and some illiquid assets, but little room for unexpected expenses. These
is some evidence demonstrating why people without liquid capital are more exposed to
uncertainty shocks.

This dissertation aims to demonstrate how fiscal policy uncertainty affects borrowing-
constrained and unconstrained households. We consider a two-agent new Keynesian
economy with Rotemberg pricing and Epstein-Zin preferences. The framework shows
that, with simple modifications in an otherwise standard model with fiscal policy SV
proposed by Fernández-Villaverde et al. (2015), we are able to observe responses neglected
in the fully aggregated case. For instance, a TANK model highlights indirect channels
of uncertainty transmission, such as the labor market. Furthermore, not only do we
reinforce real effects that uncertainty shocks can have on the economy, demonstrating
that they can be bigger than fiscal policy decisions, but we also demonstrate that the
fraction of hand-to-mouth (HtM) agents in the economy risk-aversion characteristics can
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be a key factor to the outcome in the real economy. Also, we provide an alternative fiscal
policy rule adapted to a developing economy, given the lack of data on fiscal revenue
estimations. As highlighted by Gavin and Perotti (1997), fiscal policy outcomes present
sharp differences between Latin American and industrial countries. We identify these
discrepancies and redefine a rule that is appropriate for an emerging economy. Finally,
the model also allows us to understand how government spending can be managed to ease
the negative impact on households, demonstrating how a policy that generates similar
outcomes on output can harm the consumption level of both agents.

Kaplan, Moll and Violante (2018) show that models with a representative agent
mutate indirect channels of monetary policy transmission, which play a pivotal role
in understanding their effects on consumption changes. Therefore, we also discuss the
relevance of heterogeneous agent New Keynesian models (HANK) in the analysis of policy
transmissions, illustrating that two-agent new Keynesian model (TANK) can account for
aggregate results and indirect policy channels as highlighted by Kaplan, Moll and Violante
(2018) and argued by Debortoli and Galí (2017). Fernández-Villaverde et al. (2015)
demonstrate the relevance of monetary policy for fiscal volatility shocks, and considering
that those central banks that react to uncertainty can deviate from their standard reaction
rule, a two-agent framework plays a meaningful role in the analysis of their transmission
channels of such shocks.

This study does not focus on wealth distribution and its reaction to uncertainty
shocks, as in Bayer et al. (), but rather on borrowing-constrained households, even though
we understand that the portfolio composition data presented in Kuhn, Schularick and
Steins (2017) are a piece of relevant evidence of borrowing-constrained households in
the US economy. According to Kuhn, Schularick and Steins (2017), housing and other
non-financial assets make up more than 80 percent of the assets disclosed in the balance
sheet of the bottom 50 percent, while the middle class and the top 10 percent have higher
levels of bonds and financial assets in their portfolios. At the same time, Kaplan, Violante
and Weidner (2014) show that HtM agents represent roughly 20 percent of the total US
income, but three-quarters of these are wealthy households with sizable amounts of illiquid
assets, which carry a transaction cost, such as housing. The authors also give evidence
that the share of HtM agents can vary roughly from 20 to 50 percent, depending on the
definition of HtM.

Also, our aim is to understand to what extent the results presented in this paper are
related to country-specific characteristics, such as fiscal structure and political uncertainty.
For this reason, the analysis is extended to a developing economy. Emerging markets
are known for their political instability, which make them more prone to fiscal policy
volatility shocks. Brazil has faced fiscal uncertainty about its fiscal policy path since 2011,
when a fall in extraordinary revenues observed in previous years further increased the
levels of public indebtedness. At the same time, Brazil has a completely different fiscal
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policy structure and higher income inequality, which can represent a higher fraction of
HtM in the economy. For instance, while the US tax system focuses on capital income,
the Brazilian system has lower capital taxes and higher income charges. Studies such as
Kaplan, Violante and Weidner (2014) are scarce for Brazil, but according to the Brazilian
National Survey on Household Budget1, around 75 percent of households reported living
paycheck to paycheck to make ends meet by the end of the month. Also, 80 percent of the
portfolio composition accounts for consumption, 2.1 percent for the payment of liabilities,
such as payment of loans, and 5.8 percent for increases in asset levels.

Related Literature. This paper is an intersection of three branches of the
literature: two-agent models, uncertainty shocks, and fiscal policy. The growing literature
on New Keynesian models with heterogeneous agents since Kaplan, Moll and Violante
(2018) brought together the re-emergence of two-agent models. Galí, López-Salido and
Vallés () introduce HtM consumers to study the effects of government spending under Taylor
rule in a closed economy, which supports a positive comovement between consumption
and investment, conditional on government spending shocks. As summarized by Coenen
et al. (2012), this class of models are extensively used by central banks to analyze fiscal
and monetary policies. Specifically with respect to fiscal policy, Fiscal. . . (2015) provides
a great example of a model where some agents are borrowing-constrained and behave in
an HtM fashion, spending their current labor income at all times, while the other agent
has full access to financial markets and capital investments.

The. . . (2012) study the effect of fiscal policies on long-term growth when agents
are uncertain about the distribution of future fiscal shocks. Agents have a tendency
to put more probability on the worse scenario of fiscal distortions. The authors use a
stochastic version of an exogenous growth model, assuming that the government finances
its spending on debt and distortionary taxes on labor income. The greater the uncertainty,
the worse the agents’ view, making future tax expectations higher, discouraging work.
In turn, Bi, Leeper and Leith () expand the nada (a) model with uncertainty about the
timing and composition of fiscal consolidation, seeking to explain empirical studies that
find an expansionary outcome, with an acceleration in production growth after a fiscal
contraction, such as a cut in government spending.

While Bi, Leeper and Leith () consider uncertainty about systematic parts of
the fiscal rule to study the timing and composition of a fiscal consolidation, Fernández-
Villaverde et al. (2015) and Policy. . . (2014) consider fiscal policy uncertainty as a
time-varying shock. Similar in many aspects, these two studies differ in the format of the
shocks and in some specifications of the model. The results are qualitatively close, but
Policy. . . (2014) note that the significance of uncertainty shocks is relatively small. On the
other hand, the results of Fernández-Villaverde et al. (2015) demonstrate that the results
of a volatility shock on fiscal policy are not only significant but also greater in a zero lower
1Pesquisa de Orçamentos Familiares (2008-2009) - POF, in Portuguese.
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bound (ZLB) scenario. The fall in interest rates allows reducing the countercyclical effect
of shocks of fiscal volatility at the level of economic activity. For the Brazilian case, where
there is still a lot of room for lowering the interest rate level, this perspective suggests
that the responses tend to be less corrosive at the production level, for example. It is
also worth highlighting the work of Basu and Bundick (), which, instead of considering
uncertainty about the fiscal policy rule, considers uncertainty on the demand side.

As highlighted by Moura (2015), few papers in Brazil analyze the issue of fiscal
policy, and even fewer debate about volatility shocks on fiscal instruments. Among the
few papers using a dynamic equilibrium model to discuss fiscal stimulus in Brazil, an
uninvestigated topic, there are Carvalho and Valli (2011), Moura (2015) and Cavalcanti
and Vereda (2015).
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2 A SURVEY ON STOCHASTIC VOLATILITY MODELS

One of the current challenges of modern macroeconomics is the understanding of
uncertainty shocks.1 Ever since Bloom (), there has been a growing body of literature on
the aggregate effects of such uncertainty shocks. However, there is still some contradiction
in the literature concerning the scale and channels of such shocks. As uncertainty is not
observable, the literature considers a broad range of proxies to define it, as in Surprise. . .
(2016), Baker, Bloom and Davis (2016), Jurado, Ludvigson and Ng (2015), Fernández-
Villaverde et al. (2011), and Bloom (). The main understanding in this literature is that
periods of higher volatility are associated with greater uncertainty, as shown in Bloom (),
who found that shocks on stock market volatility are associated with real and financial
shocks.

This dissertation follows the great branch of the literature on the estimation of
fiscal policy uncertainty as a stochastic volatility (SV) process. Thus, in this chapter, we
present a survey on SV models and estimation procedures, as well as their application in
the macroeconomic literature. In the next section, we discuss how the macroeconomic
literature has estimated uncertainty, showing why we decided to follow the SV method.
Then, we present the theoretical treatment of sequential Monte Carlo methods and the
broad theory about how to deal with nonlinearities of stochastic filtering. We also present
the algorithm for particle filters and show its variations. Finally, in the next chapter, we
look in detail at the estimation procedure of the SV model.

2.1 MEASURING UNCERTAINTY

One of the most prominent introductions of uncertainty into the macroeconomic
literature was made by Bernanke (1983), where he discusses the impact of “bad news” on
investment decisions. The model developed by Bernanke (1983) states that the willingness
of a firm to invest will not only depend on the current return of the most profitable
project, but also on the expected severity of bad news that may come through in the
future. Since he deals with irreversible investments, the implication of bad news outcome
one period after the investment decision is that the firm would prefer to wait for a different
project. Thus, when firms decide whether to invest in a new project, they also consider
the probability of a bad news shock affecting their decision — once in every period the
investor faces the option of waiting for a different project or investing. In this model,
uncertainty is measured as the distribution of bad news shocks, since its realization can be
observed by waiting. Thus, events that threaten the profitability of irreversible projects
1See Dou et al. (2017) for a critical review of macroeconomics models, which describes a number of model
features and quantitative methodologies that are crucial to our understanding of the macroeconomic
factors not incorporated by the standard New Keynesian models or still incipient in the literature.
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tend to reduce the propensity to invest.
The extension of this understanding was made through the quantitative analysis

of uncertainty. While Bloom () introduces uncertainty as a stochastic process, Justiniano
and Primiceri (2008) and Fernández-Villaverde and Rubio-Ramírez (2007) introduce
heteroskedastic shocks to the quantitative macroeconomic literature. However, these
papers have a different focus; while Bloom () aims to discuss uncertainty effects on
the economy using stock market volatility as a proxy, Justiniano and Primiceri (2008)
are focused on the shifting volatility of US macroeconomic aggregates, and Fernández-
Villaverde and Rubio-Ramírez (2007) inaugurate the usage of particle filtering for the
estimation of nonlinear models. The combination of the understanding of stochastic
volatility as a measure of uncertainty with the evidence that the Great Moderation is
characterized by a lower volatility of the US macro variables and the methodological
breakthrough regarding the usage of particle filtering for nonlinear estimation in economics
enables the progress of studies on uncertainty.

As highlighted by Jurado, Ludvigson and Ng (2015), the literature on measures of
uncertainty is still in its infancy. Fernández-Villaverde et al. (2011) show how interest rate
volatility has an important effect on output, consumption, and investment. These authors
also contribute to the literature by proving that second-order shocks, such as volatility
shocks, need a third-order approximation so that innovation will enter as arguments in
the policy functions with a coefficient different from zero. In turn, Jurado, Ludvigson and
Ng (2015) provide a measure of time-varying uncertainty based on the decomposition of a
stochastic volatility process where they define uncertainty as the conditional volatility of
a disturbance that is unforeseeable from the perspective of economic agents. Also, in the
closest related literature to this dissertation, Basu and Bundick (), Fernández-Villaverde
et al. (2015), and Policy. . . (2014) also define uncertainty as a stochastic volatility process.

However, there are alternative views about uncertainty or how to measure it and
its insertion into macro models. For instance, Baker, Bloom and Davis (2016) develop an
uncertainty index based on newspaper coverage frequency and Surprise. . . (2016) creates a
surprise and an uncertainty index, which are weighted averages of the surprises or squared
surprises from a set of releases. Hansen and Sargent (2019) develop a model where agents
construct a set of probability models, then uncertainty is interpreted in the sense that
structured models are misspecified. Decision-makers respond to those assumptions by
evaluating alternative unstructured models that are statistically near the structured model.
Finally, Time-varying. . . (2019) consider a measure of uncertainty that uses forecast errors
based on firm-specific production expectation.

So far, the benchmark for measuring uncertainty in macroeconomics is based on
time-varying second-moment shocks. This kind of measure embeds nonlinear and/or
non-normal dynamics, which usually take us to complex models and often lead to integrals
that cannot be solved analytically. Sequential Monte Carlo (SMC) methods are alternative
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simulation-based algorithms for solving analytically intractable integrals, having become
popular and essential knowledge to the study of uncertainty.

2.2 SEQUENTIAL MONTE CARLO METHODS

State-space models are universal dynamic systems that can be used to describe
a wide range of processes. A generic state-space form of the time series xt with N

elements related to a vector st named state vector through a measurement equation can
be represented as follows:

xt = g(st, ut) (2.1)

st = f(st−1, vt), (2.2)

where vt represent a collection of structural shocks and ut represents measurement errors.
Assuming that g and f are linear functions in variables and parameters and ut and vt
are Gaussian distributed with a constant mean and variance, we could evaluate densities
p(xt|st; θ) and p(xt|xt−1; θ), corresponding to measurement and transition densities, i.e.,
Eq. (2.1) and (2.2), depending on an unknown vector of parameters θ, using a Kalman
filter. However, if any of these assumptions is not observed, the model will be nonlinear or
non-Gaussian, and an alternative approach will be needed to evaluate its likelihood during
an estimation process. Most of this section follows the large survey on the Sequential
Monte Carlo method in economics by Creal (2012); however, I was also deeply inspired by
Doucet, Freitas and Gordon (2001), Doucet and Johansen (2011), Fernández-Villaverde
and Rubio-Ramírez (2007), Fernández-Villaverde et al. (2011), Herbst and Schorfheide
(2015), and Künsch (2005), among others, whom I deeply recommend for the interested
reader.

We are interested in the sequential approximation of distributions {p(s1:N |x1:N )}N≥1

and their marginal likelihoods, {x1:N}N≥1, known as an optimal filtering problem. Since
x1:N = {x1, . . . , xN} is a set of observables that depend on unobserved states s0:N =

{s1, . . . , sN}. One can formulate the uncertainty about the state variable from the
realization of the observations, which is the joint conditional probability distribution
p(s0:N |x1:N ; θ) expressed as

p(s0:N |x1:N ; θ) =
p(s0:N , x1:N ; θ)

p(x1:N ; θ)
, (2.3)

where the constant of integration in the denominator is the likelihood of the model. In
order to estimate a state-space model with an unknown set of parameters θ, it is usually
necessary to compute the likelihood of the model. Furthermore, a few other results that
we obtain from the filter density are the one-step-ahead prediction density p(st|x1:t−1; θ),
the updated filter density one time step later p(st|x1:t;θ), and the smoothing distribution
p(st|x1:N ;θ).
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Assuming an initial distribution p(s0; θ) of the state variable, in a further iteration
t, the prediction step projects the last period filtering distribution p(st−1|x1:t−1; θ) forward.
Thus, the one-step-ahead prediction density can be represented as

p(st|x1:t−1; θ) =

∫
p(st|xt−1; θ)p(st−1|x1:t−1; θ)dxt−1. (2.4)

Obtaining a new observation xt, we can use the update step to compute the filtering
distribution by applying the Bayes’ rule:

p(st|x1:t; θ) =
p(st, xt|x1:t−1; θ)

p(xt|x1:t−1; θ)
, (2.5)

p(st|x1:t; θ) =
p(st, xt; θ)p(st|x1:t−1; θ)∫
p(xt|st; θ)p(xt|x1:t−1; θ)dxt

. (2.6)

This is an iterative process, which we should keep up to the end of our sample. Also, one
should note that the denominator in the update step is the conditional density of xt given
xt−1,

p(xt|x1:t−1; θ) =

∫
pt|t−1(st|x1:t−1; θ)dxt, (2.7)

where pt|t−1 is the conditional density of p at time t given the previous realization. If pt|t−1

is available, we can obtain the likelihood from

p(x1:N) =
N∏
t=1

p(xt|x1:t−1), (2.8)

which can be factorized into a sequence of conditional distributions. However, due to the
nonlinear and/or non-normal representation, these conditional densities will be no longer
normal, requiring computationally intensive numerical methods to solve the integrals in
this recursion, since they cannot be solved analytically. Thus, SMC is used to approximate
the sequence of probability distributions.

Sequential Monte Carlo methods are a generic class of Monte Carlo methods
sampled sequentially from a sequence of target probability densities to increase the
dimension where each distribution is defined in the product space (DOUCET; JOHANSEN,
2011). The basic idea of SMC methods is that, instead of drawing from the unknown
distribution p(st, θ), we can take random draws from a known proposal distribution from
which it is easy to sample. After taking draws from that proposal, we will have a sequence
of values for st, which we assume to be drawn from the wrong distribution, so we need
to reweight them according to some importance weights. The filter approximates the
filtering random variable st|x1:t by “particles” s1

t , . . . , s
M
t with a discrete probability mass

π1
t , . . . , π

M
t . The particle filter is based on the development of other methods, thus, for the

rest of this section, we will introduce the importance sampling (IS), sequential importance
sampling (SIS), and sequential importance sampling with resampling (SISR) methods,
which are basically the core of the particle filter algorithm.
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The main idea behind the IS method was described in the last paragraph. Pre-
cisely, we take random draws from an importance distribution h0:t(s0:t|x1:t;ψ), where ψ
denotes a vector of tuning parameters that approximates h0:t(·|·) to the target distribution
p(s0:t|x1:t; θ). After M independent samples {si1:t}Mi=1 from the proposal distribution, the
random draws can be weighted according to the importance weights defined as

W i
t =

p(si0:t|x1:t; θ)∑M
i=1 p(si0:t|x1:t; θ)

, (2.9)

and the IS estimator is

E[f(s0:t)] ≈
M∑
i=1

f(si0:t)W
i
t . (2.10)

Thus, we can eliminate unnecessary randomness by choosing a sample where each si0:t

appears MW i times.2 Also, it solves the sampling problem from a high-dimensional and
complex probability distribution; however, the problem embedded in this approach is
that the importance weights need to be recomputed at each iteration, increasing the
computational burden.

SIS is a special case of IS that aims to address the computational complexity
problem. The SIS algorithm assumes that h0:t can be factored, so we do not need to
sample from a joint distribution, but from a sequence of conditional distributions,

h0:t(s0:t|x1:t;ψ) = ht−1(s0:t−1|x1:t−1;ψ)ht(s0:t−1|s0:t−1x1:t;ψ), (2.11)

= h0(s0|ψ)
N∏
t=1

ht(st|y1:t−1;ψ). (2.12)

This way, to obtain particles {sit}Mi=1 at time t, we sample {si0}Mi=1 ∼ h0(s0|ψ) at time 0
and {sik}Mi=1 ∼ ht(st|y1:t−1;ψ) at time k = 2, . . . , N , which means that we can append
newly simulated values to the end of the old trajectories. This also allows us to split the
weights as follows,

Wt =
p(s0:t−1|x1:t−1; θ)p(xt|st; θ)p(st|st−1; θ)

h0:t−1(s0:t−1|x1:t−1;ψ)p(xt|x1:t−1; θ)ht(st|s0:t−1, x1:t;ψ)
(2.13)

∝ Wt−1
p(xt|st; θ)p(st|st−1; θ)

ht(st|s0:t−1, x1:t;ψ)
(2.14)

∝ Wt−1wt, (2.15)

where wt is known as the incremental importance weight, which does not require the past
observations of the entire past trajectories {si0:t−2}Mi=1 to be calculated.

The computational difficulty of IS is solved by SIS at the expense of other drawbacks.
While SIS avoids evaluating the importance weight completely in each period, the variance
of the resulting estimates will increase exponentially with t. As pointed out by Creal
2See Künsch (2001).
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(2012), as the number of iterations increases, all the probability mass will eventually
be allocated to one particle. This problem is known as weight degeneracy. Doucet and
Johansen (2011) also highlight that any SMC algorithm that relies upon the distribution
of states will fail for a large enough N . The mitigation of this problem was introduced
by Gordon, Salmond and Smith (1993), who added a resampling step within the SIS
algorithm.

2.2.1 The Particle Filter

The combination of SIS with resampling techniques is the basis of the particle filter
and can be seen as a generic SMC algorithm. As summarized by Creal (2012), resampling
means that a new population of particles is replicated from the existing population in
proportion to their normalized importance weights. Assuming that the weights have
already been normalized, i.e.,

∑M
i=1w

i
t = 1, resampling consists in selecting new particle

positions and weights {sit, wit}Mi=1 such that the discrepancy between the resampled weights
is reduced. Thus, we draw M random variables with replacement using some resampling
algorithm with probabilities {wit}Mi=1.

Douc, Cappe and Moulines (2005) present the most popular algorithms for this
task, comparing their performance in terms of reduction of the Monte Carlo variation.
Multinomial resampling is the simplest approach and it is at the core of the Gordon,
Salmond and Smith (1993) filter. It consists in drawing the new positions of the state
variable independently from the common point mass distribution. However, according to
Doucet and Johansen (2011), systemic resampling is the most widely used algorithm in the
literature, since it is easy to implement and has a good empirical performance, even though
Douc, Cappe and Moulines (2005) show that it does not dominate multinomial resampling
in terms of variance. This method defines Ui = U1 + (i− 1)/M , where U1 ∼ U [0, 1

M
] and

i = 1, . . . ,M , aiming to reduce the discrepancy between the empirical distribution of the
generated draws and the uniform distribution.

Different specifications of the particle filter can be obtained from different choices
of the incremental importance distribution h(s0:t|s1:t−1, x1:t;ψ) and resampling algorithms,
which are chosen by the researcher. However, a generic particle filter algorithm can be
defined as in algorithm 1. Note that after the definition of the incremental weights, the
predictive density p(xt|x1:t−1; θ) can be approximated by 1

M

∑M
i=1 W

j
t−1w

j
t . Furthermore,

assuming that the measurement errors are normal, i.e., ut ∼ N (0, σu), the incremental
weights take the form

wit =
1

σu
√

2π
exp

{
−1

2

[
xt − g(sit, ut)

σu

]2
}
.
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Given the output of the algorithm, we compute the approximation of the log-likelihood as

ln p(x1:N ; θ) ≈
N∑
t=0

ln

(
1

M

M∑
i=1

W i
t−1w

i
t

)
, (2.16)

which will be essential during the estimation procedure for θ.

Algorithm 1 Generic Particle Filter
Step 0: Initialization. Set t→ 0. For i = 1, . . . ,M , draw the initial particles si0 ∼ h(s0)
and set W i

0 = 1.
Step 1: Prediction. For i = 1, . . . ,M , sample values for {sit,W i

t }Mi=1. Draw

sit ∼ ht(st|sit−1, xt;ψ)

from the conditional density and compute the incremental weights

wit =
p(xt|sit; θ)p(sit|sit−1; θ)

ht(sit|si0:t−1, x1:t;ψ)
.

Step 2: Filtering. For i = 1, . . . ,M , define the normalized weights

Ŵ i
t =

W i
t−1w

i
t

1
M

∑M
i=1W

i
t−1w

i
t

and assign weights to each drawn.
Step 3: Resample M particles {sit−1}Mi=1with probabilities {Ŵ i

t }Mi=1. If t < N , assign
Wt−1 = Ŵ i

t , set t→ t+ 1 and go to step 1. Stop otherwise.

The popularity of particle filters has increased since Gordon, Salmond and Smith
(1993) original paper, due to its simple implementation and good properties. For instance,
Creal (2012) shows that many particle filters are consistent and asymptotically normal
and that they will not accumulate past errors. This property ensures that a particle filter
can be applied to a long stretch of time series and the precision of the estimator will not
deteriorate as one obtains more observations. Also, its usage in stochastic volatility models
increased its popularity for the analysis of financial time series. Since the variance of
returns on assets tends to change over time, there are two well-known methods to measure
this behavior: stochastic volatility (SV) and autoregressive conditional heteroscedastic
(ARCH) models.

While SV considers that conditional variance follows an independent process,
ARCH and GARCH models describe it as a function of past values of the dependent
variable. As the likelihood of an SV model may not have analytical solution, fitting these
models can be more burdensome and demanding than fitting ARCH/GARCH models.
However, Künsch (2001) highlights that for a larger dataset, since multivariate GARCH
models would be more difficult given the large number of parameters. Kim, Shephard
and Chib (1998) also compare the performance of SV and GARCH models, showing that
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a simple SV model can fit the data as efficiently as its heavily parameterized GARCH
counterpart. Fernández-Villaverde and Rubio-Ramírez (2010) also highlight that SV
models allow unrelated shocks between measurement and standard deviation shocks,
while GARCH models assume that shocks on the measurement equation will affect the
volatility process. Another characteristic of the particle filter is its parallel nature of the
computational implementation, in a way that a development on computational capacity
will lead to computational gains. Thus, SV models are more flexible and their estimation
can be less demanding, given the computational capacity available nowadays.

2.3 STOCHASTIC VOLATILITY ESTIMATION PROCEDURES

As introduced in this chapter, fiscal policy uncertainty will be modeled as a
stochastic volatility process. Assuming that xt is a fiscal instrument, such as government
spending or capital income tax, the generic stochastic volatility model can be represented
as

xt = Ψ(xt−1, yt−1; θ) + exp{σt}εx,t, εx,tt ∼ N (0, 1).

σt = Φ(σt−1, ut; θ), ut ∼ N (0, 1),

where θ is a vector of parameters and yt represents the exogenous variables with explanatory
power over fiscal policy, such as output gap and debt-to-output ratio. In this section,
we describe briefly the procedures to estimate the parameters in θ and the particle filter
procedure to approximate the likelihood function. In summary, we estimate θ using
a Bayesian technique called Metropolis-Hastings algorithm and the particle filter to
approximate the log-likelihood and to estimate those parameters. Herbst and Schorfheide
(2015), Robert and Casella (2004), and Gamerman and Lopes (2006) are a useful source
for a better understanding of this estimation method. However, since the particle filter is
only a device to compute the likelihood, it is also possible to use it in a classical inference.

As described in Robert and Casella (2004), a Metropolis-Hastings algorithm starts
with the objective density. A conditional density q(θj−1|θ) defined with respect to the
dominating measure for the model is then chosen. The Metropolis-Hastings algorithm can
be implemented in practice when q(·|θ) is easy to simulate and is either explicitly available
or symmetric. The random walk chain is a common option and practical implementation
of Metropolis-Hastings algorithm when you cannot find a good approximation density
for the posterior. The random walk Metropolis-Hastings algorithm (RWMH) takes the
following steps described in algorithm 2. Notice that we calculate the likelihood during
Step 3, which means that one could rewrite algorithm 2 including algorithm 1 in Step 3.

The RWMH has a proposal distribution with a random walk form, so it generates
candidate draws according to

ϑ = θj−1 + ϕ,
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Algorithm 2 Metropolis-Hastings estimation
Step 0: Chose starting value, θ0;
Step 1: Take a candidate draw ϑ from the candidate generating density, q(ϑ|θj−1);
Step 2: Calculate the acceptance probability, α(θj−1, ϑ);
Step 3: Set θj = ϑ with probability α(θj−1, ϑ) and θj = θj−1 with probability 1 −
α(θj−1, ϑ);
Step 4: Repeat steps 1 to 3 NMH times.

where ϕ is the increment random variable with mean zero and variance cV . We use
a normal proposal distribution with V = 1 and set cn adaptively to achieve a desired
acceptance rate. The proposal covariance scale factor is tuned according to the following
rule3

cn = cn−1f(1−Rn−1), f(x) = 0.95 + 0.10
e20(x−0.40)

1 + e20(x−0.40)
,

where Rn−1 is the rejection rate in the past draw and f(x) considers a target acceptance
rate of 30 percent, updating the value of cn every 1,000 draws. Notice that once the
acceptance rate is equal to the target, the scale factor will be immutable. We keep tuning
it until the last burn-in draw. This procedure allows us to achieve an acceptance rate close
to the target without a very exhaustive search within the burn-in period, saving significant
computational time. However, these are settings that we choose based on literature
recommendation, for the acceptance ratio, and after a search of the best specifications for
our database, which can be deferentially selected by other researchers.

The acceptance probability α(·, ·) ensures that the chain moves in the correct
direction. Giving the symmetric nature of the proposal distribution, the acceptance
probability takes the form

α(θj−1, ϑ) = min

{
p(xT |ϑ)

p(xT |θj−1)
, 1

}
,

in a way that a draw ϑ is accepted with probability one if the posterior at ϑ has a higher
value than the posterior at θj−1. Considering the ratio between accepted draws and
total draws, we have the acceptance rate. As Gamerman and Lopes (2006) and Herbst
and Schorfheide (2015) mention, there is no consensus in the literature for the optimal
acceptance rate, suggesting, as a generic rule, an acceptance rate around 24 to 44 percent,
which justifies the target set for the tuning function.

To obtain the estimate of the likelihood that will determine acceptance probability,
we use a particle filter with a swarm of 40,000 particles. There is no rule to guide our
choice for the number of particles, but the researcher faces a clear trade-off between
accuracy and estimation time. In our case, moving from 20,000 to 40,000 particles, the
filter takes 73 milliseconds more to evaluate the likelihood of a simulated database with 100
3This function was initially proposed by Tempered. . . (2019) in the context of the tempering particle
filter.
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observations (93 and 166 milliseconds, respectively), which means that for the estimation
of 500,000 draws, the procedure can take roughly extra 7 hours. On the other hand, the
higher the number of particles, the lower will be the log-likelihood variance, which is an
important indication of accuracy, since this is a Monte Carlo simulation procedure.

Taking the stacking representation of all T observations of the observable variable
as xT and given that the state-space representation has a Markov structure, the likelihood
function can be factorized as a function:

p(xT ; θ) =
T∏
t=1

p(xt|xt−1; θ),

which depends on the sequence {p(σt|xt−1; θ)}Tt=1 that we cannot characterize analytically.
The particle filter substitutes the density p(σt|xt−1; θ) for an empirical draw from it,
representing the distribution of the hidden state vector σt conditional on time t information
xt through a swarm of M particle simulations {σit|t−1,W

i
t }Mi=1, where σit|t−1 is a draw at

moment t condition in t− 1 and W i
t is the weight of each particle based on its success in

predicting the time t observation, measured by p(xt|σit, θ). As mentioned in the previous
section, a well-known problem in the literature is that {σit|t−1,W

i
t }Mi=1 suffers from particle

degeneracy, in the sense that, as the number of iterations increases, all the probability
mass will be allocated to one particle. To mitigate this problem, we resampled the particles
at the end of each step. Alternatively, one could define an effective sample size (in terms of
number of particles) and only resample when it falls below a threshold, after time periods
in which the importance weights are unstable. However, resampling at each step allows a
new population of particles to be replicated from the existing population in proportion to
their importance weights.4

2.4 SUMMARY AND CONCLUSION

In this chapter, we review Monte Carlo simulation methods usually implemented
in economics to measure uncertainty. Specifically, we describe the estimation procedure
for an SV model, which uses the particle filter, a class of SMC algorithm. We highlight
a few different algorithms that preceded the particle filter in the literature, which helps
to understand the challenges surrounding the algorithm and its mechanism. Also, we
describe how the particle filter can be used to estimate a stochastic volatility model. The
example used in this chapter will be estimated in the next two chapters. In the next
chapter, a detailed fiscal policy rule will be described, and results will be shown in the
following chapter.

It is also interesting to notice that stochastic volatility models are more pliable
than their ARCH/GARCH counterparts. Those are much popular because of their
4See Douc, Cappe and Moulines (2005), Doucet and Johansen (2011), and Creal (2012) for a more detailed
discussion about resampling.
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simple implementation, with many ready-to-use packages in a wide range of statistical
programming languages. However, in GARCH specifications, higher volatility is triggered
only by large innovations, since there is only one shock driving the dynamics of level and
volatility factors.

The SV approach gives a higher degree of freedom, since we can have two different
sources of shock, in which the shock from the measurement equation is not related to
the volatility. Thus, the researcher cannot separate a level shock from a volatility shock
in GARCH class of models. Furthermore, as mentioned in Fernández-Villaverde and
Rubio-Ramírez (2010), this constraint is very restrictive in the context of structural
models, even though this may not seem a problem for reduced-form time series analysis.
Thus, we believe that due to their advantages over GARCH models, SV specifications
are getting more feasible thanks to computational advances, giving more freedom for
researchers interested in structured models with volatility shocks.
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3 MODELING FISCAL POLICY UNCERTAINTY

In this chapter we aim to understand fiscal policy rules, its estimation and how to
insert this kind of feature in a quantitative model.

3.1 FISCAL POLICY RULES

Unlike monetary policy, which follows a Taylor rule that can be estimated for a
wide range of countries, fiscal policy lacks a regular rule. Even for the United States, there
are still few studies on rules-based fiscal policy. Taylor (2000) discusses the relevance
of a rule in this context distinguishing discretionary changes in taxes and spending and
change due to automatic stabilizers. The former is related to legislative and executive
actions, posed by the government, while the latter is related to automatic changes in the
fiscal instruments according to noncyclical factors, increasing spending on programs such
as unemployment compensations and decrease in tax revenue as both employment and
income fall in a recession.

Taylor (2000) focuses on discretionary policies, such as short-term impacts, i.e.,
deviations from potential GDP, which are relevant for a countercyclical fiscal policy. In
his view, fiscal policy should work like monetary policy, keeping real GDP close to the
potential GDP. However, Gavin and Perotti (1997) show that this is not the case for Latin
American countries, where government spending is usually procyclical, with some evidence
of asymmetric behavior, making public spending even more procyclical during bad times.
Recession is thus associated with collapses in public spending. The authors raise a few
hypotheses for this behavior, but this is a feature that persists over the years for many
emerging economies, as demonstrated by Alesina, Campante and Tabellini (2008) and
Vegh and Vuletin (2015).

Among the hypotheses raised in the literature, Alesina, Campante and Tabellini
(2008) focus on political distortions to explain their effects, showing that voters face
corrupt governments that can appropriate part of tax revenues for political rents. Another
possibility mentioned in Gavin and Perotti (1997) is the voracity effect, which arises
because interest groups compete for a share of tax revenue. In this case, any fiscal surplus
will increase the pressure on the government to increase investments, but it ends up in
wasteful spending. An underlying is that some agents will have more political power to
appropriate public assets and keep them in the strong group, driving the procyclical fiscal
policy.

While this fact can be incorporated into a model as a matter of sign and parameter
estimation of the policy instrument rule, some other characteristics of a fiscal rule are more
sensitive to the data. Dynamics. . . (2010) have shown that different feedback rules matter
for policy analysis, Toward. . . (2014) demonstrate the importance of variables to which the
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fiscal instrument reacts. Even in the literature on macroeconomic models for the United
States, there is a lack of consensus about fiscal rules. Comparing Dynamics. . . (2010),
Policy. . . (2014), Fiscal. . . (2015), Fernández-Villaverde et al. (2015), and Leeper, Traum
and Walker (2017), they all share common features, such as a reaction to deviations from
potential GDP and/or debt level. However, it is not straightforward to define whether the
government reacts to both at the same time or to the debt-to-GDP ratio or debt cycles,
among some other characteristics observed by the authors. Thus, our model incorporates
procyclicality and the composition discussion about the fiscal policy rule in a developing
country.

3.2 FISCAL POLICY UNCERTAINTY: ESTIMATION

Our analysis focuses on three fiscal policy instruments: government spending as a
share of output (g̃t), tax rate on labor income (τwt ), and tax rate on capital income (τ kt ).
To understand the impact of uncertainty on the instruments, we adopt the idea introduced
by Bloom () that uncertainty follows a stochastic volatility process. However, the fiscal
policy rule can be highly sensitive to the data. Most of the literature about fiscal policy
is centered on government spending, but Dynamics. . . (2010) formulate fiscal rules for
capital, labor, and consumption that would be empirically estimated and also provide
better data fitting. Since then, some other alternatives have emerged in the literature,
such as those used by (FERNÁNDEZ-VILLAVERDE et al., 2015) and Policy. . . (2014).

The fiscal rule suggested by Dynamics. . . (2010) for capital and labor tax allows
a response to the current cyclical position of the economy and to changes in the level
of government debt. Furthermore, they also allow the shocks to be serially correlated,
capturing the persistent nature of exogenous changes in instruments. Policy. . . (2014),
in turn, assume that tax rates follow an AR(2) process and allow a response to the
lagged debt-to-output ratio and lagged output position. As in Fernández-Villaverde et al.
(2015) and Policy. . . (2014), Dynamics. . . (2010) assume that the response of these fiscal
instruments to output cycles and debt will be positive, but the responses to government
spending must be negative.

For x ∈ {g̃, τ k, τ l}, the law of motion for each instrument used by Fernández-
Villaverde et al. (2015) is given by

xt − x =ρx(xt−1 − x) + ρx,yỹt−1

+ ρx,b

(
bt−1

yt−1

− bs
ys

)
+ exp{σx,t}εx,t, εx,t ∼ N (0, 1),

(3.1)

where the log standard deviation of each policy instrument (σx,t) has a time-varying
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stochastic volatility process,1

σx,t = (1− ρσ)σs + ρσσt−1 + (1− ρ2
σ)1/2ησut, ut ∼ N (0, 1). (3.2)

Equation (3.1) assumes that demean fiscal policy reacts to its previous value xt−1, lagged
output gap ỹt−1, and the lagged debt-to-output ratio (bt−1/yt−1) deviation from its mean
value. Idiosyncratic shocks to uncertainty are independent of the first-movement fiscal
policy shocks εx,t, which follow a normal distribution with zero mean and one standard
deviation. The stochastic volatility process σx,t in Equation (3.2) allows a shock to the
second moment ut, which will be interpreted as an increase in uncertainty about the
future time path of fiscal policy, and ησ will be the unconditional standard deviation of
the fiscal volatility shock. The higher the term (1− ρ2

σ)1/2ησ, the stronger the evidence
of a time-varying volatility. Furthermore, σt follows an AR(1) process with steady-state
value of σs.

We explore several specifications for our data. As initially explored by Gavin and
Perotti (1997), it is well known that fiscal policy in emerging markets, and specifically
in Latin American countries, does not necessarily have the same fiscal policy reaction in
advanced countries. Specifically for Brazil, the literature is centered on the understanding
of government spending reaction to output and debt, 2 mainly due to the lack of data
on other fiscal instruments, as we highlight in Section 4.4. The same occurs for other
developing countries, which cannot take advantage of the effective tax rate methodology
developed by Effective. . . (1994) for industrial countries.

For x ∈ {g, τ k, τ l}, the law of motion for each instrument used for Brazil is given
by

xt − x =ρx(xt−1 − x) + ρx,y(ỹt−1)

+ ρx,bb̃t−1 + exp{σx,t}εx,t, εx,t ∼ N (0, 1),
(3.3)

where b̃t−1 is the lagged deviation of debt from its trend and σx,t is the log standard
deviation of each policy instrument that follows Eq. 3.2. This rule can be seen as
a combination of those in Dynamics. . . (2010) and Fernández-Villaverde et al. (2015).
However, the authors assume that capital and labor income tax will be a procyclical reaction
to debt and output and a countercyclical reaction to government spending. Considering
the results in Gavin and Perotti (1997), Vegh and Vuletin (2015), and Campos and Cysne
(), we relaxed the hypothesis of a countercyclical reaction of government spending to the
output. At the same time, we relaxed the procyclicality assumption about the reaction of
labor and capital tax to lagged debt, since the literature from developing countries, as
presented in Section 3.1, does not allow us to know whether the reaction goes in the same
or opposite direction.
1We omitted the subscript x in the stochastic volatility process for the sake of clarity, but the parameter
and σ were estimated according to the fiscal instrument.

2See Campos and Cysne ().
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Equation (3.3) and (3.2) are estimated for each instrument independently and
the posterior distribution of the parameters is characterized using the random walk
Metropolis-Hastings algorithm with a sequential Monte Carlo method to obtain a numerical
estimation of the likelihood. We draw 400,000 times from the posterior using a random
walk Metropolis-Hastings algorithm. The draw was run after a search for appropriate
initial conditions and an additional 100,000 burn-in draws.3 We tune the covariance
scale factor of the proposal density according to the rule used in Tempered. . . (2019) to
induce the appropriate acceptance ratio of proposals. The tuning function allows us to
calibrate the covariance scale factor during the burn-in period and, after achieving the
target acceptance ratio, we keep making fine adjustments every 1,000 draws up to the last
burn-in draw. Each evaluation of the likelihood is performed with 40,000 particles.

3.3 MODEL

The quantitative analysis will be based on a two-agent model with Epstein-Zin
(EZ) preferences and fiscal policy volatility shocks. HtM agents do not have access to
capital or to the bonds market, while bondholders (or savers) own capital in the economy,
receive firms’ profits, and have access to the financial market, buying governmental bonds
to smooth consumption. Not only does this distinction change the way each agent behaves,
mainly because of the inability of HtM agents to insure against unexpected shocks, but
it also allows some fiscal instruments to have a direct or indirect impact according to
the agent’s type. For instance, the government levies capital duty, which is only part of
the bondholder’s budget, and labor, which will have a direct impact on both types of
household members. The model also contains several frictions that introduce nominal and
real rigidities in prices, wages, capital, and investments. A large part of the model is built
upon the framework developed in Fernández-Villaverde et al. (2015, hereafter FGKR) and
Schmitt-Grohé and Uribe (2005).

3.3.1 Households

Preferences. All households are assumed to have preferences given by an
EZ aggregator between the period utility Ut and the continuation Vt+1:

V 1−ψ
t = (1− β)Ut(ct, ht)

1−ψ + βEt(V 1−γ
t+1 )

1−ψ
1−γ , (3.4)

3All programs needed for the Metropolis-Hastings and the sequential Monte Carlo estimation were coded
in C++-17 and compiled in GCC-9.1 with fully parallelized algorithm by using Intel TBB library to
run on OSX-based machines. On a 2.6 GHz Intel Core i7 with six physical cores, each draw from the
posterior using the sequential Monte Carlo estimation with 40,000 particles takes around 0.107 seconds.
That implies a total of about 16 h for each simulation of 500,000 draws. Figure (B.1) presents the
recursive mean of each parameter for the capital income tax estimation.
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where Ut = eξtcηt (1− ht)1−η. The discount factor β ∈ (0, 1) and the elasticity of leisure
η have the same value for both agents. 4 At the same time, the risk aversion γ and the
inverse intertemporal elasticity of substitution ψ are calibrated according to the type of
each agent. The consumption and hours worked will be agent-specific, as will become
clear in the presentation of budget constraints. We omitted a superindex denoting cht , hht
or cbt , hbt , for HtM or bondholders, respectively, for the sake of a clearer notation. The
intertemporal preference shock ξt follows ξt = ρξξt−1 + σξεξ,t, where εξ,t ∼ N (0, 1).

Labor Supply. We assume that households supply differentiated labor services
to the production sector through a representative labor aggregator.5. Each type of agent
belongs to a different labor packer that is proportionally aggregate and supplied to the
firms. That is, each type of household supplies labor hj,t to a continuum of unions j ∈ [0, 1],
and firms regard each household labor service as an imperfect substitute for the labor of
other households. Denoting the aggregate demand for composite labor services as hd,t,
the bundling technology is

hd,t =

(∫ 1

0

h
εw−1
εw

j,t dj

) εw
εw−1

,

where εw > 1 measures the elasticity of substitution. The labor aggregator minimizes the
cost of producing a given amount of the aggregate labor index,6 taking each household’s
wage wj,t as given, where wt is the aggregate nominal wage. Thus, the demand for labor
services is

hj,t =

(
wj,t
wt

)−εw
hd,t. (3.5)

Considering this result, it is straightforward to define the aggregate wage index as
wt = (

∫ 1

0
w1−εw
j,t dj)

1
1−εw , and the aggregate labor supply as the sum of labor by variety,

ht =
∫ 1

0
hj,tdj.
Budget Constraint. A fraction µ of the agents in the economy is HtM, without

access to any kind of asset in the economy. The budget constraint of the HtM agent is
given by:

cht + Ωh
t = (1− τwt )

∫ 1

0

wj,th
h
j,tdj − ACw

j,t, (3.6)

4The. . . (2006) present some empirical micro evidence that the elasticity of leisure will be different for
constrained and unconstrained agents (See Table 4 in their paper); however, the functional form used
here already gives us flexibility to define risk aversion and the intertemporal elasticity of substitution
differently. The addition of a third difference in the agents’ preference could make their relationship
poorly identifiable.

5Following the assumption of Optimal. . . (2000), the labor aggregator can be interpreted as a union,
labor packer, or employment agency.

6It solves the following problem:

max
hj,t

wt

(∫ 1

0

h
εw−1
εw

j,t dj

) εw
εw−1

−
∫ 1

0

wj,thj,tdj.
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where Ωt are lump-sum taxes. Wages are subject to a quadratic adjustment cost ACw
j,t =

φw
2

(
wj,t
wj,t−1

− zs
)2

yt, where zs is the steady-state of the productivity shock zt. A perfect
competitive labor packer aggregates the different types of labor hj,t into homogeneous

labor, so hj,t = hd,t
∫ 1

0

(
wj,t
wt

)−εw
dj.

The bondholder agent can trade one-period riskless bonds, invest in capital, and
receive profits of the firms, facing the following budget constraint:

cbt +xt+ bt+ Ωb
t = (1− τwt )

∫ 1

0

wj,th
b
j,tdj+ (1− τ kt )rkt utkt−1 +

Rt−1bt−1

Πt

−ACw
j,t+Ft, (3.7)

where xt is the investment level, ut is the rate of utilization of capital, Ωt are lump-sum
taxes, and Ft are the profits of the firms in the economy. Besides the labor taxes τwt levied
on both agents, a bondholder also faces capital tax τ kt , since she is the owner of capital
granted at a rate rkt to intermediate firms.

Investment decisions are subject to an adjustment cost. The law of motion of
physical capital is described by

kt = (1− δ(ut))kt−1 +

(
1− S

[
xt
xt−1

])
xt, (3.8)

where the adjustment cost of investments assumes a quadratic form S
[

xt
xt−1

]
= κ

2

(
xt
xt−1
− zs

)2

,
and δ(ut) = δ + δ1(ut − 1) + 1

2
δ2(ut − 1)2 is the depreciation rate that depends on the

capacity utilization rate.
Agents’ Aggregation. Firms cannot distinguish the type of each agent on the

labor market, nor their decision about consumption level, thus assuming that a fraction µ
of the agents in the economy is HtM, and the aggregation of these variables is given by

ht = µhht + (1− µ)hbt , (3.9)

ct = µcht + (1− µ)cbt . (3.10)

The bondholder chooses processes for ct, bt, ut, kt, xt, and wj,t so as to maximize
its utility function (3.4) subject to budget constraints, wage adjustment costs, the law of
motion of capital (3.8), and demand for labor services (3.5). On the other hand, the HtM
agent only chooses ct and wj,t, subject to related constraints. Appendix 6 presents the
equilibrium conditions associated with households’ problems.

3.3.2 Firms

The model’s firms consist of perfectly competitive final-goods-producing firms and
a continuum of monopolistically competitive intermediate goods producers. At every time
t, a competitive firm produces the final consumption good ydt using the intermediate goods
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yi,t, i ∈ [0, 1] and the technology ydt = (
∫ 1

0
y

(εp−1)/εp
i,t di)εp/(εp−1), where εp is the elasticity of

substitution. Expenditure minimization leads to the final input demand function given by

yi,t =

(
pi,t
pt

)−εp
yd,t,

where pi,t is the price of the intermediate goods and pt is the price index for final goods,
pt = (

∫ 1

0
p

1−εp
i,t di)1/(1−εp).

The monopolistic firm produces intermediate goods using a production function
yi,t = kαi,t(zthi,t)

1−α. Each i intermediate good producers rent labor hi,t from both agents
and capital ki,t−1 from the saver to produce intermediate good yi,t. Producers maximize
profits by setting prices subject to a quadratic adjustment cost. Since firms are owned by
bondholders, firms use their stochastic discount factor:

max
pi,t+s

Et
∞∑
s=0

[
∂Vt/∂c

b
t+s

∂Vt/∂cbt

] [
pi,t+s
pt+s

yi,t+s −mci,t+syi,t+s − ACp
i,t+s

]
(3.11)

subject to the final input demand function yi,t and a quadratic adjustment cost for prices,

ACp
i,t = φp

2

(
pi,t
pi,t−1

− Πs

)2

yi,t, where Πs is the steady-state level of inflation.

3.3.3 Government and monetary policy

The government issues bonds bt every period to satisfy its budget constraint, given
by

bt =
Rt−1bt−1

Πt

+ gt − τwt wtht − τ kt rkt utkt−1

− zt
[
φd,b

(
bt−1

zt−1ys
− bs
ys

)
+ µΩh + (1− µ)Ωb

]
,

(3.12)

where we consider that lump-sum tax stabilizes the debt-to-output ratio, imposing a
passive fiscal/ active monetary regime. The government expenditure gt, labor, and capital
taxes (τwt and τ kt ) evolve endogenously according to the three rules defined in equations
(3.3) and (3.2).

The monetary authority controls the short-term interest rates following a modified
Taylor rule that responds to deviations of inflation from the steady state, the gap of
observed output, and uncertainty shocks. We consider the results in Fernández-Villaverde
et al. (2015), where the authors highlight that a standard Taylor rule does not generate
the same effects from empirical estimations for the inflation and interest rates. They
propose the rule given by

Rt = Rs

(
Rt−1

Rs

)φR [(Πt

Πs

)φΠ
(
yt
ys

)φy (eσx,t
eσx,s

)φσ]1−φR

exp{σmΦt}, (3.13)
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where the monetary policy shock Φt follows a N (0, 1) process. The parameters φR are
smoothing parameters used to capture gradual movements of interest rates, φΠ and φy
capture the responsiveness of the interest rate to deviations of inflation from its steady
state and of the output gap from its trend, and φσ captures the reaction of the monetary
authority to uncertainty shocks.

3.4 SUMMARY AND CONCLUSION

In this chapter, we showed how to empirically estimate fiscal policy uncertainty
for both developed and developing countries and we incorporated these rules into a
quantitative macro model. Our analysis is based on a two-agent New Keynesian model,
with nominal and real rigidities in prices, wages, capital, and investments. A fraction
of the population is classified as HtM, which means that these households consume all
of its tax-free income in one time period, while bondholders can choose to save their
income by buying government bonds or investing in capital. Not only does this mechanism
incorporate a well-known fact highlighted by the empirical literature, but it also allows
understanding the transmission mechanisms that can be hidden in a representative-agent
model.

Another interesting feature of the model is the usage of Epstein-Zin preferences
for the households. The main advantage of this setting is to disentangle the risk aversion
and intertemporal elasticity of substitution parameters. This way, we will be able to
characterize and distinguish both agents in the model more accurately. As described in the
next chapter, while risk aversion is related to the state of the economy or to the economic
environment to which the agent belongs, the intertemporal elasticity of substitution is a
time decision, which may not be related to the former. However, the usual preferences
setting does not allow analyzing this difference between both parameters. Since we are
analyzing two different countries, this framework brings a wealth of information, allowing
us to understand what features of the households can make uncertainty a more severe
shock on agents and/or on the economy as a whole.
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4 A TANK MODEL OF FISCAL POLICY UNCERTAINTY

This chapter aims to present the results for the empirical and quantitative model
developed in the previous chapter. We present the results for the stochastic volatility
estimation in Section 4.1. Next, in Section 4.2, we discuss the solution method and
calibration strategy for the quantitative macro model developed in the previous chapter.
In Section 4.3, we present the results for the US, and in Section 4.4, we expand our analysis
to Brazil, comparing the effects of fiscal policy uncertainty in a developed and developing
economy. Finally, we engage in a pseudo-optimal policy analysis in Section 4.6, aiming
to understand the effects on both agents and on the economy given the behavior of the
government. We are able to understand to what extent some country-specific reactions,
such as fiscal structure and political uncertainty, are able to influence the responses to
our shocks. Also, the model demonstrates how government spending can be managed to
ease the negative impact of such shocks on households, demonstrating how a policy that
generates similar outcomes on output can harm agents’ constitution level.

4.1 FISCAL POLICY UNCERTAINTY: RESULTS

Table 4.1 presents the parameters estimated by Fernández-Villaverde et al. (2015)
for the US economy and the estimations for Brazil. The reaction of fiscal policy instruments
and the stochastic volatility process follow the description in Section 3.2 and the estimated
parameters in Table 4.1. To estimate these parameters, Policy. . . (2014) and Fernández-
Villaverde et al. (2015) construct their aggregate effective tax rates using national account
information following the measurement of relevant aggregate tax rates in Effective. . . (1994)
and Has. . . (2002). However, the aggregation of these data may be more challenging if we
consider Brazilian data, as discussed by Azevedo and Fasolo (2015). Since the construction
of aggregate tax rates is already worth a whole study, we took advantage of Azevedo and
Fasolo (2015) using their database for estimation. The smoothed fiscal volatility shock to
capital income tax rates and government spending are presented in Figure (4.1).

We adjusted the labor income tax by the unemployment rate, once the period
of analysis exhibits a considerable decrease of unemployment levels in Brazil from 18.9
to 11.0 percent, which generates an upward trend for labor tax income, Since the main
unemployment rate series for Brazil does not cover the whole tax sample, we selected
the unemployment rate in the Metropolitan Area of the city of São Paulo (IPEADATA
id code 37655). This series has a correlation of 0.97 with the official data considered by
the government from the Brazilian National Household Survey. The main difference will
be in levels, with mean unemployment rate varying from 13.9 to 9.6. Besides the tax
data in Azevedo and Fasolo (2015), the government spending data represent the total
expenditure reported in Table 1.4-A of the Central Government Fiscal Balance available
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on the Brazilian National Treasury website.1 Among the three fiscal instruments, only
one observation can be seen as an outlier. In the third quarter of 2010, the government
spending rose suddenly, going back to its normal level in the subsequent quarter. This
outlier precedes the 2010 Brazilian Presidential Election, held in October of that year.
There are several models to incorporate jumps into stochastic volatility models2; however,
in our specific case, modeling this outlier would generate a slight improvement in our
analysis, which led us to interpolate the outlier instead of changing the whole model to
accommodate a single observation. Finally, we used the Federal Government Net Debt
data (SGS-BCB id code 4479) to calculate the government indebtedness level.

We can have a clear perspective on fiscal moments of high fiscal volatility by
analyzing Figure (4.1). The first observation is that the size of these shocks is significantly
different. While tax capital rate changes have medians greater than one throughout the
sample, the estimation obtained for spending shows a variation lower than 0.5 percent. At
the same time, in each chart, we have essentially two main moments of higher volatility.
Starting with the panel on government spending volatility, in 2003:I, the government level
of spending would have moved between 0.4 and 1.1 percentage points (considering a 95%
confidence interval), while from 2010:I to 2010:II, we have two quarters of spending moving
between 0.4 an 0.9 percentage points. In 2003, the Lula administration (2003 - 2010)
inaugurated several social programs, which widely extended to the next administrations.
On the other hand, capital tax revenue had its peaks in 1999:II and 2007:III. The first
moment indicates that capital tax rate moved between 1.07 and 3.15 percentage points in
1999, which is related to a change in the tax rate for CPMF3 to 0.38%, which took place
in the third quarter of 1999 and represented approximately 83% of the total variation in
capital income tax according to Azevedo and Fasolo (2015). The second moment of high
volatility at the end of 2007 can be related to a decrease in capital tax revenue. Azevedo
and Fasolo (2015) point out that capital tax income decreased by 0.42% due to the end of
CPMF charges and a reduction in corporate tax rates4.

The first thing we can highlight in Table 4.1 is the difference between fiscal rule
parameters for Brazil and the US. Notice that the rules are not exactly the same, but these
parameters still have the same meaning, i.e., ρx,b is the reaction of the fiscal instrument
to the lagged debt and ρx,y is the reaction to the lagged output gap. Since the fiscal
instruments considered in this paper are government spending, capital income tax, and
labor income tax, x ∈ {g, τ k, τ l}, each line in Table 4.1 demonstrates how each of these
instruments behaves in the US and Brazil. While in the US, the reaction of labor income
1http://www.tesouro.fazenda.gov.br/en/central-government-primary-balance.
2See Pitt and Shephard (1999) for a discussion about how to model outliers with SV models and how it
can degenerate the particle filter estimation.

3Provisional Contribution on Financial Transactions, in Portuguese, Contribuição Provisória sobre
Movimentação Financeira (CPMF)

4In Portuguese, Imposto de Renda de Pessoa Jurídica (IRPJ).
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Figure 4.1 – Smooth volatility shock to capital tax and government spending

Note: 95% posterior probability intervals of the smoothed fiscal volatility shock to capital income tax rates and
government spending for Brazil, 100exp(σg,t) and 100exp(στk,t), over the sample.
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Table 4.1 – Fiscal Policy Instruments Parameters

United States Brazil
Labor Capital Government

Spending
Labor Capital Government

Spending

ρx 0.99 0.98 0.99 0.88 0.63 0.91
[0.98, 0.99] [0.92, 0.99] [0.65, 0.97] [0.80, 0.95] [0.47, 0.77] [0.87, 0.96]

ρx,y 0.040 0.043 -0.004 0.047 0.11 0.021
[0.008, 0.045] [0.003, 0.099] [-0.018, 0.00] [0.004, 0.159] [0.02, 0.23] [-0.025, 0.066]

ρx,b 0.003 0.003 -0.008 0.01 -0.002 -0.012
[0.000, 0.008] [0.003, 0.099] [-0.018, 0.00] [-0.01, 0.04] [-0.03, 0.03] [-0.021, -0.006]

σs -6.01 -4.89 -6.20 -4.10 -4.56 -5.59
[-6.20, -5.81] [-7.35, -6.87] [-6.53, -5.71] [-4.74, -3.79] [-5.15, -4.33] [-5.99, -5.38]

ρσ 0.46 0.65 0.92 0.28 0.20 0.21
[0.33, 0.58] [0.39, 0.86] [0.78, 0.99] [0.03, 0.69] [0.02, 0.69] [0.02, 0.58]

ησ 0.820 0.400 0.180 0.27 0.16 0.20
[0.70, 0.97] [0.22, 0.58] [0.10, 0.29] [0.02, 0.93] [0.02, 0.88] [0.02, 0.65]

Note: Parameters estimated following a Bayesian approach by combining the likelihood function with flat priors
and sampling from the posterior with a Markov Chain Monte Carlo. For each parameter, we report the posterior
mean and, in brackets, a 90 percent probability interval.

tax to output gap is almost the same size of capital tax outcome, in Brazil, the reaction
of tax levied on capital is much stronger than on labor. At the same time, both reactions
to debt are quite small. This shows that when compared with the US, Brazil’s tax system
is more centered on capital income tax than on labor.

At the same time, the reaction of people to whether the government is spending more
or less than it is normal is small in both countries, showing that much of the government
spending has been unproductive. We would expect greater negative parameters for a
government that compromises on productive investment, because the cost for private
agents to invest would then raise, discouraging them from doing it. Another interpretation
is that the government can engage in public investments when the private sector avoids
compromising on investments due to uncertainty about the economic outlook or tax
reforms that can change the future behavior of the private sector. Either way, our
empirical results demonstrate that this is not the case of Brazil or the US. However,
another understanding of these results can be that the government spending behavior
is tightly linked to politics and to the party leading the country. In this case, a better
methodology would be a time-varying parameter estimation.

Since the main focus of this empirical exercise is to evaluate the stochastic volatility
behavior of fiscal instruments, we assume that the reaction to the lagged debt is constant
over governments and we focus on the parameters related to uncertainty. ησ is the
unconditional standard deviation of the fiscal volatility shock, while ρσ measures the
persistence of this process and σs its steady-state value. First, we can notice that both ρσ
and ησ are greater for the US than for Brazil, regardless of the fiscal instrument, which
tells us that fiscal policy uncertainty shocks in the US are stronger and tend to last longer.
However, since we take the exponential of σt, the more negative σs is, the closer to zero the



36

steady-state value of the standard deviation will be. Thus, the mean standard deviation
of fiscal instruments is higher in Brazil than in the US, which helps to understand the
dichotomy presented. Since the US has a lower steady-state standard deviation for the
instruments, when an uncertainty shock hits any of those, its effect on the economy will
be stronger and more persistent than in Brazil, which has, on average, a higher standard
deviation of its fiscal policy mechanisms.

The comparison of instruments tells how strong an uncertainty that is specific to
each of them can be. Parameters for labor second-order shocks are greater than capital or
government spending, which demonstrates that uncertainty about this fiscal instrument
tends to be greater and last longer. This can be associated with the fact that the legislation
in Brazil is usually protective of workers’ rights. However, considering the quantitative
macro model presented in the previous section, we notice that even with greater parameter
values for labor tax, the capital income tax second-order shocks will be more important,
with stronger general equilibrium effects on the economy.

4.2 QUANTITATIVE ANALYSIS

Solution and Calibration. The characterization of the model’s equilibrium
conditions is relatively standard and it is dealt with in the Appendix 6. The model
presented in this paper needs a higher-order approximation. As explained by Fernández-
Villaverde et al. (2011), second-moment shocks that can generate precautionary behavior
do not occur in a first-order approximation (which is equivalent to the traditional log-
linearization), and second-order approximation would capture the volatility effect only
indirectly, via cross product terms. Hence, to explore the direct role of the volatility
shocks in the model, we need to consider cubic terms. Another issue is that a third-order
approximation of this model gives explosive sample paths, so we use the pruning method
developed by Andreasen, Fernández-Villaverde and Rubio-Ramírez (2018) for third-order
approximation.

One of the key parameters in our model is the proportion of borrowing constraint
agents in the economy. Following Kaplan, Violante and Weidner (2014), we assume that
40 percent of the households are HtM (µ = 0.4)5. Some parameters are fixed before the
estimation because data moments can be uninformative and the literature provides their
proper estimation. We normalize the steady state of hours worked to 1/3 using η. The
intertemporal elasticity of substitution (IES) is set to 2.5 for bondholders and 0.8 for HtM
agents (ψ = 0.40 and 1.25, respectively)6, considering the results in Vissing-Jørgensen
(2002). The depreciation parameter δ1 is used to set the steady-state capital utilization to
5Since there is no consensus about the fraction of HtM agents in the US economy, we also present results
for a sensitivity test on this parameter (Figure 4.3).

6Due to the utility function definition, the IES is equal to 1/ψ. See Swanson (2012) and Gourio (2012).
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Table 4.2 – Summary Calibration and Fixed Parameters

Description Value Source

Preferences
β Time-discount factor 0.9959 Calibration
γh HtM Risk Aversion 370.34 Calibration
γb Bondholder Risk Aversion 661.83 Calibration
ψh HtM Inverse IES 0.40 Vissing-Jørgensen (2002)
ψb Bondholder Inverse IES 1.25 Vissing-Jørgensen (2002)
µ Fraction of HtM agents 0.40 Kaplan, Violante and Weidner (2014)
η Consumption preferences 0.4034 Endogenous
Ωh HtM lump-sum tax steady state -0.2263 Endogenous
Ωb Lump-sum tax steady state 0.3019 Endogenous
Technology
α Capital Share 0.36 FGKR
εp Goods elasticity of substitution 21.0 FGKR
εw Labor elasticity of substitution 21.0 FGKR
δ Steady state depreciation 0.0451 Calibration
δ1 Rate of capital depreciation 0.01 Jaimovich and Rebelo (2009)
δ2 Rate of capital depreciation 0.0139 Calibration
κ Investment cost 0.9419 Calibration
Taylor Rule
φR Smoothing of past interest rate 0.7584 Calibration
φΠ Response to inflation deviations 1.6966 Calibration
φy Response to output gap deviations 0.0863 Calibration
φσ Response to capital tax volatility 0.005 FGKR
Πs Steady state inflation 1.0090 Calibration
σm Standard dev. of the monetary shock 2.0e-4 Calibration

Note: parameters fixed prior to the estimation are referred with their corresponding source. Parameters esti-
mated with the SMM procedure are tagged with "Calibration." The consumption preference parameter η is
tagged with “Endogenous” because we normalize the steady state of hours worked to 1/3 using η. We also set
Ωh and Ωb endogenously to achieve a balanced HtM and government budget constraint, respectively.

1 from its first-order condition. The quadratic cost of changing nominal prices is set to
φp = 200.0, which implies all intermediate products prices are fixed for about six quarters
in a linearized Calvo setting, and the measure of wage rigidity is set to φw = 2000.0,
both parameters following FGKR. The parameters calibrated with data are the discount
factor β, risk aversion of each type of agent, i.e., γh and γb, two parameters related to the
depreciation rule, δ and δ2, the parameter κ that controls the curvature for the adjustment
cost of the investment function, and five Taylor rule parameters, φR, φΠ, φy, σm, and Πs.
We present other fixed and calibrated parameters in Table 4.2.

Since our model has a large number of variables, the computation required to
find theoretical moments is computationally inefficient. Thus, the only difference in
our calibration procedure in comparison to Andreasen, Fernández-Villaverde and Rubio-
Ramírez (2018) is that instead of calculating theoretical moments, we compute them via
simulation. We applied the simulated method of moments (SMM) to calibrate the selected
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Table 4.3 – Model Fit - selected moments

Moments Data Model Moments Data Model

Mean
Rt 0.8885 0.8912 Πt 1.4028 1.2852
Standard Deviation Auto-Correlation
yt 1.5278 1.8796 corr(yt, yt−1) 0.8779 0.9178
ct 1.2481 0.7818 corr(ct, ct−1) 0.8909 0.8343
xt 7.0489 6.9979 corr(xt, xt−1) 0.8532 0.9511
wt 0.9329 0.2090 corr(wt, wt−1) 0.7074 0.9694
ht 1.9474 1.6701 corr(ht, ht−1) 0.9276 0.8315
ut 3.2484 2.4141 corr(ut, ut−1) 0.8993 0.8970
Rt 0.9365 0.7355 corr(Rt, Rt−1) 0.9701 0.9842
Πt 0.6079 0.7192 corr(Πt,Πt−1) 0.9038 0.9349
Correlation
corr(yt, ct) 0.8796 0.7932 corr(yt, ut) 0.8777 0.6230
corr(yt, xt) 0.9214 0.8232 corr(yt, Rt) 0.2021 -0.4609
corr(yt, wt) 0.1196 0.5958 corr(yt,Πt) 0.1160 -0.2736
corr(yt, ht) 0.8702 0.8959 corr(Πt, Rt) 0.6651 0.9113

Note: All data, except nominal interest rates and inflation, are in logs, HP-filtered, and multiplied by 100
for their expression in percentage deviation from the trend. Nominal interest rates and inflation are directly
expressed in percentage points. We omitted the model fit for the mean and autocorrelation for lag 5 due to
space constraints.

parameters of the model. As described by Estimating. . . (2012), SMM is an appropriate
method to calibrate parameters of a nonlinear model, since it is computationally efficient
and delivers accurate estimates even for short sample series. We present the model fit
for selected moments in Table 4.3. We match the average of interest rates and inflation,
standard deviation, lag 1 autocorrelation and correlation of all variables with output,
and the correlation between interest rates and inflation, summing up 26 moments to
calibrate 11 parameters. With a few exceptions, the model does a reasonable job on
matching the mean, standard deviation, and autocorrelation, while the results for the
correlation are mixed. As detailed in Section 3.2, the parameters for the fiscal rule are
exogenously calibrated with an SV model. Data for the US economy are taken from St.
Louis Fed’s FRED database, and the time span 1970:Q1–2014:Q2 is the same used in
Fernández-Villaverde et al. (2015) for the comparison of the results . The data series
used to match the moments of variables yt, ct, xt, wt, ht, ut, Rt, and Πt are the real gross
domestic product (GDPC1), real personal consumption expenditures (PCECC96), real
gross private domestic investment (GPDIC1), compensation per hour (HCOMPBS), hours
of all persons (HOABS), capacity utilization of total industry (TCU), effective federal
funds rate (FEDFUNDS), and implicit price deflator (GDPDEF).
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4.3 THE EFFECT OF FISCAL VOLATILITY SHOCKS

This section presents estimation results, equilibrium dynamics and further quanti-
tative results of the model.

4.3.1 Estimation Results

Parameters calibrated with SMM in Table 4.2 are the same ones chosen by FGKR,
with exception of the risk aversion γ of each type of agent. A few differences can be
noticed when comparing the results for the Taylor rule parameters, specifically regarding
the responsiveness of the monetary authority to deviations of the steady-state inflation
φΠ, which takes the value of 1.35 in the results obtained by FGKR in comparison with
1.69 in our study. This difference can be explained by a slightly higher estimation of the
steady-state inflation in our model (an annualized inflation rate 0.55 percent higher) and
lower standard deviation of the innovation for the monetary policy shock σm.

Our estimation for the risk-aversion parameters i in tune with other estimations
in the macroeconomics representative agent literature. These parameters are at odds
with the empirical micro literature, where, by confronting individuals with specific risk
prospects, Barsky et al. (1997) obtain a measure of the relative risk-aversion parameter
ranging from 3.8 to 15.7, while other macro studies with a representative agent with
Epstein-Zin preference estimate values ranging from 80.0 to 600.0, depending on the
model structure.7 The bondholder presents a parameter value of 661.83, in line with
Andreasen, Fernández-Villaverde and Rubio-Ramírez (2018). At the same time, the HtM
agent presents a low parameter value of 370.34, which is reasonable given the fact that
she does not have assets, such as capital or bonds. This result is in line with Guiso and
Paiella (2008) self-selection argument, where the authors highlight that more risk-averse
agents select themselves into occupations with low-income risk. However, the reasoning of
these results is not completely straightforward. We will expand the discussion when we
present the risk aversion results for Brazil, where bondholders are less risk-averse than
HtM agents.

4.3.2 Equilibrium Dynamics

The estimated model allows us to investigate the outcome of fiscal policy volatility
shock on business cycle fluctuations and observe heterogeneous effects between constrained
and unconstrained agents. As pointed out by Debortoli and Galí (2017), a TANK model
can approximate well the aggregate results of a New-Keynesian model with heterogeneous
7See Binsbergen et al. (2012), Rudebusch and Swanson (2012), and Andreasen, Fernández-Villaverde and
Rubio-Ramírez (2018), for example.
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Figure 4.2 – IRF to a Fiscal Policy Uncertainty Shock
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Note: Generalized impulse response functions (GIRFs) for a positive two-standard-deviation innovation to a
fiscal volatility shock to the capital income tax. Interest rate and inflation are presented in annualized basis
points. In the first row, the plots present the reaction of consumption of HtM agent (cht ), bondholder (cbt),
aggregate consumption, and output (ct and yt). In the second row, HtM, saver, and aggregate hours worked
(hht , hbt and ht) and wages (wt). Finally, investments (xt), marginal cost (mct), inflation (Πt), and interest rates
(Rt).

agents. This is relevant for the analysis of policy transmissions, highlighting indirect
transmission channels that are absent in a standard representative agent model. Thus, we
focus on the different effect of fiscal uncertainty on constrained and unconstrained agents
as well as aggregate consequences of these shocks. Since volatility shocks on instruments
other than capital tax rate present smaller responses, we overlook their results in this
section.

Figure 4.2 presents the GIRFs for a positive two-standard-deviation innovation to
a fiscal volatility shock to the capital income tax.8 Bondholders invest less because of the
increased probability of a high tax rate on capital income, and the lower marginal cost
(higher markups) implies that firms will have a smaller output and require less capital.
The high decline of marginal costs is related to the reaction of the monetary authority
to the uncertainty shock, increasing the interest rate more than it would in a scenario
where the Taylor rule does not account for the reaction to second-moment shocks. This
prompts reaction of marginal costs and decreases labor demand from firms and hours
worked by both agents. However, non-HtM agents can decrease their labor supply without
losing as much consumption as HtM agents. At the same time, HtM agents would have
to decrease consumption more drastically if they reduce labor supply by the same rate
used by bondholders.9 The proportionality between effects on consumption and hours
worked is due to the utility kernel used, since non-separability leads individuals who work
8We used the closed-form solution in Andreasen, Fernández-Villaverde and Rubio-Ramírez (2018) to
compute GIRFs for a third-order approximation.

9The. . . (2006) estimate that individuals with no assets will increase their labor supply if wages go down.
We have not had this effect in our model so far, as we cannot distinguish between supply and demand
labor responses.
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Figure 4.3 – Sensitivity to µ
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Note: Sensitivity test on the fraction of HtM agents in the economy µ given a positive two-standard-deviation
innovation to a fiscal volatility shock to the capital income tax.

fewer hours to dedicate more time to home production, decreasing the aggregate level.
The contraction in output and investments presents a slightly higher drop than do

the results in FGKR. Moreover, together with investment rates, the uncertainty shock
generates a decrease followed by an overshooting reaction, in line with Bloom (). Firms
diminish investment rates after facing uncertainty about future capital taxes, which
fosters a wait-and-see attitude. The rapid activity slowdown bounced back after five
quarters, a different reaction in comparison to the actual shock, which did not return to
its steady-state value after 21 quarters (see Figure 4.6). It is also worth noticing that
the decrease in consumption faced by HtM agents has the same size as that generated
by an increase in labor taxes but with a different shape, since it generates a long-lasting
reaction after an actual increase of labor taxes (Figure 4.7). The output reaction due to
uncertainty about capital tax is also greater than the effects of an actual increase in labor
taxes or government spending (Figure 4.8), which shows that volatility shocks should not
be neglected by policymakers.

The effect of a change in the fraction of HtM agents in the economy can be seen
in Figure 4.3. Kaplan, Violante and Weidner (2014) highlight that the estimation of this
parameter in the literature is highly susceptible to the definition of an HtM individual.
This analysis allows us to understand the impact of this parameter on the model and
which variables are more sensitive to the fraction of a borrowing-constrained household
in the economy. Furthermore, ranging µ from 0.1 to 0.8 by increments of 0.1, Figure 4.3
encompasses all possible values for µ referred in Kaplan, Violante and Weidner (2014) as
well as some far-fetched cases.

The fraction of HtM agents in the economy does not alter aggregate effects on
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investments and marginal costs, while other key aggregate variables, such as output and
consumption, are sensitive to this ratio. The effect on output can vary from -0.4 to -0.6
percent, but its duration is almost independent of the ratio of HtM to non-HtM agents. A
similar analysis can be made for the aggregate consumption, which is mainly led by HtM
agents, who consume less as long as they work fewer hours. The smaller the portion of
bondholders in the economy, the bigger the pressure of HtM agents on wages, which makes
bondholders decrease labor supply. At the same time, since HtM agents do not have
any asset to substitute labor income, they cannot decrease hours worked without losing
consumption, which is not the case for bondholders, who face an almost unchangeable
consumption reaction. This is possible because they will tune capital utilization fornot
losing so much income after the uncertainty shock. Furthermore, a stochastic volatility
shock to the capital tax rate resembles the results obtained for an income-risk shock in
the heterogeneous agent model in Bayer et al. (). Even if we cannot account for the effects
related to the distribution of wealth and income, our aggregate results are more in line
with the data, which show a slower and slightly hump-shaped recovery. These results
reinforce the statement of Debortoli and Galí (2017) that a TANK model can be viewed
as a framework able to account for aggregate results of HANK models.

4.4 FISCAL VOLATILITY SHOCKS ON A DEVELOPING COUNTRY

In this section, we aim to explore the effects of fiscal volatility shocks on a developing
country. This way, it would be possible to understand whether the sensitivity of the
model to the share of HtM agents in the economy is suitable for changes according to
country-specific characteristics. It would also be possible to identify which aggregate
effect is more sensitive to a different macroeconomic scenario. The reaction of fiscal
instruments to the debt-to-output ratio and to the output gap is one of the key differences
that can emerge in the comparison between countries. Also, the time-varying process for
the standard deviation is correlated with national political events, such as fiscal reform
proposals and national public deficit administration and/or financial crises. Furthermore,
parameters internally calibrated with the model, such as those concerning the Taylor rule,
are considerably sensitive to the input data. As demonstrated in the previous section, the
monetary policy is one of the main channels of fiscal policy volatility transmission and
response to this shock can have alternative effects due to its calibration.

The current juncture of Brazil’s national accounts, discussions on a proposal by
the government for social security reform, and increased levels of public indebtedness
have raised uncertainty about the evolution of the fiscal policy. The Brazilian economy
is facing fiscal difficulty, which should be seen within the context of a hike in deficit
since 2011. Before that, there were two moments that could identify the need for fiscal
reform, as in 1999 and 2003. However, both episodes are related to exchange rate shocks,
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while since 2011 the debt increase has occurred due to increased government spending.
The primary result of the public sector began to deteriorate more specifically in August
2011, with a fall in extraordinary revenues observed in previous years. In addition, it
is possible to recognize an acceleration of this process, given that the gross debt of the
general government has grown rapidly, from around 50 percent of GDP in 2014 to more
than 70 percent in 2017.10 Throughout 2017, for example, several proposals for reforms
were sent to the Brazilian National Congress, generating doubts about fiscal adjustment
directions. In addition to the limitation of public spending, there is a long debate about
social security system reform, the need to raise taxes to finance the government deficit,
and changes in the loan rates of the National Bank for Economic and Social Development
(BNDES, in Portuguese). All these events are potential sources of fiscal volatility.

4.4.1 Estimation Results

We calibrate internally the same set of parameters of the model for the US economy
using an SMM procedure. Results are reported in Table 4.5 and a summary of fit for
selected moments in Table 4.4, which presents consistent results mainly for the standard
deviation and autocorrelation, except for the moments for wages and for mixed correlation.
The risk-aversion parameter for HtM agents is considerably higher than those presented by
others in the macroeconomic literature with Epstain-Zin preferences, while bondholders’
risk aversion is in line with the literature. Comparing with our prior results for the US,
these parameters are switched, since HtM agents were less risk-averse than bondholders
in the previously calibrated model. This result for Brazil runs counter to the argument in
the literature, which claims that risk-averse agents self-select themselves into a low-income
risk position.11 There is a lack of studies in the literature that carry out this investigation
for developing countries, but one hypothesis is that, in these countries, agents are not in
an HtM situation because they want to, but because they can get out of it. This would
mean that most HtM agents in emerging markets are poor, in contrast with the US, where
Kaplan, Violante and Weidner (2014) highlight that many of these households are wealthy.

The curvature of the depreciation rule δ2 is almost flat for Brazil, since this
parameter tends to zero. Parameters related to the Taylor rule reinforce the Brazilian
hyperinflation history, once the steady-state inflation is higher than that of the US. At
the same time, the reaction to output gap deviations is smaller, with close parameters
for the smoothness of interest rates. The reaction to deviations from the steady-state
inflation is slightly smaller in Brazil, which can be due to the higher steady-state inflation
10Brazil is a developing country with a recent history of high levels of inflation and the historical level
of indebtedness tolerated by Brazil can still be considered low, when compared with other countries.
Thus, a debt level of 70 percent of GDP can be seen as excessive, as pointed out by Reinhart, Rogoff
and Savastano (2003) and Fiscal. . . (2016) illustrate.

11See Guiso and Paiella (2008), among others.
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Table 4.4 – Model Fit - selected moments

Moments Data Model Moments Data Model

Mean
Rt 3.6402 4.0196 Πt 1.5861 1.6439
Standard Deviation Auto-Correlation
yt 1.758 1.7623 corr(yt, yt−1) 0.74388 0.69098
ct 1.29 1.1464 corr(ct, ct−1) 0.55825 0.48726
xt 3.9761 4.5304 corr(xt, xt−1) 0.60349 0.89865
wt 2.0259 0.10741 corr(wt, wt−1) 0.6087 0.94596
ht 2.3639 2.0404 corr(ht, ht−1) 0.71218 0.62762
ut 1.6326 1.6537 corr(ut, ut−1) 0.77985 0.69937
Rt 1.3517 1.3567 corr(Rt, Rt−1) 0.67623 0.60661
Πt 0.87585 0.24949 corr(Πt,Πt−1) 0.49848 0.66197
Correlation
corr(yt, ct) 0.77616 0.7664 corr(yt, ut) 0.90875 0.56632
corr(yt, xt) 0.67929 0.74621 corr(yt, Rt) 0.12665 -0.76572
corr(yt, wt) -0.38174 -0.050341 corr(yt,Πt) 0.23915 0.40929
corr(yt, ht) 0.49078 0.64953 corr(Πt, Rt) 0.35504 -0.55523

Note: All data, except nominal interest rates and inflation, are in logs, HP-filtered, and multiplied by 100
for their expression in percentage deviation from the trend. Nominal interest rates and inflation are directly
expressed in percentage points. We omitted model fit for the mean and autocorrelation for lag 5 due to space
constraints.

and monetary shock standard deviation. These differences, along with those results for
the fiscal instruments shape different reactions to a capital tax rate volatility shock.

4.4.2 Response to Volatility Shocks

The GIRFs for a positive two-standard-deviation innovation to a fiscal volatility
shock to the capital income tax in Brazil are presented in Figure 4.4. The first remarkable
difference from US results (Figure 4.2) is related to the size of responses. We keep
two-standard-deviation innovations as in FGKR, where the authors verify that there is
a probability of 10 percent of these shocks hitting the economy, but they argue that it
cannot be considered an extreme event, since they show evidence that it is likely that at
least three or four of those events hit the US economy from 1970 to 2014. Nevertheless,
a positive two-standard-deviation innovation in Brazil generates effects that are slightly
smaller in size compared with those presented previously for the US economy. The main
reason for that is the size of unconditional standard deviation ησ and the parameter ρσ,
which controls the shock persistence. Since the database for Brazil is smaller than the
one for the US, Table 4.1 shows that the confidence interval for these parameters is wider,
and their values are smaller.

Broadly speaking, the same mechanism takes place, lowering marginal cost and
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Table 4.5 – Summary Calibration for Brazil

Description Value Source

Preferences
β Time-discount factor 0.9785 Calibration
γh HtM Risk Aversion 1329.10 Calibration
γb Bondholder Risk Aversion 373.46 Calibration
η Consumption preferences 0.4034 Endogenous
Ωh HtM lump-sum tax steady state -0.2263 Endogenous
Ωb Lump-sum tax steady state 0.3019 Endogenous
Technology
δ Steady state depreciation 0.0442 Calibration
δ2 Rate of capital depreciation 0.003 Calibration
κ Investment cost 0.9458 Calibration
Taylor Rule
φR Smoothing of past interest rate 0.7611 Calibration
φΠ Response to inflation deviations 1.5701 Calibration
φy Response to output gap deviations 0.0097 Calibration
Πs Steady state inflation 1.0124 Calibration
σm Standard dev. of the monetary shock 0.0034 Calibration

Note: Parameters estimated with an SMM procedure are tagged with "Calibration." The consumption prefer-
ence parameter η is tagged with “Endogenous” because we normalize the steady state of hours worked to 1/3
using η. We also set Ωh and Ωb endogenously to achieve a balance between HtM and governmental budget
constraint, respectively. The other parameters fixed prior to the estimation are reported in Section 4.2, and
those estimated exogenously are shown in Table 4.1.

inflation. Yet, the monetary authority in Brazil reacts with less intensely than does the
US Fed, pushing up interest rates even with inflation going down, due to the positive
reaction to the uncertainty shock.

We present the role of this innovation in the Taylor rule in Figures B.2 and B.3
,comparing the results of a standard Taylor rule, without any direct response of the
monetary authority to the shock, and the Taylor rule in Eq. (3.13). While the effects on
the US are relatively subtle, allowing the model to replicate empirical evidence of a drop
in inflation, as documented by FGKR, in Brazil, the difference is much stronger. Without
a direct response of the monetary authority to uncertainty about capital income tax, all
observed effects would be negligible. Furthermore, this also shows that the model can be
extremely sensitive to the parameter φσ that controls the responsiveness of interest rates
to volatility shocks.12

Further effects that can be observed are the output decline, which takes more than
21 quarters to get back to its steady-state level, a more persistent result compared with
the US, spawned by the high persistence of capital tax rate volatility. The decline of hours
worked by HtM agents is still bigger than the bondholders’ response, but it returns faster
12An essential next step in this analysis would be the implementation of an empirical model, which we
aim to include in an upcoming version of this paper.
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Figure 4.4 – IRF to a Fiscal Policy Uncertainty Shock for Brazil
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal volatility shock to the capital income
tax in Brazil. Interest rate and inflation are in annualized basis points. In the first line the plots presents the
reaction of consumption of HtM agent (cht ), bondholder (cbt), aggregate consumption and product (ct and yt).
Second line, HtM, Saver and aggregate hours worked (hht , hbt and ht) and wages (wt). Finally, investments (xt),
marginal cost (mct), inflation (Πt) and interest rates (Rt).

Figure 4.5 – Sensitivity to µ in Brazil
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Note: Sensitivity test to the fraction of HtM agents on the economy µ given a positive two-standard-deviations
innovation to a fiscal volatility shock to the capital income tax.

to the steady-state level. The opposite occurs in the reaction to consumption levels, where
bondholders present a typical hump-shaped response to uncertainty shock, retrieving
equilibrium in five quarters, while HtM agents face a slow recovery.

Finally, we are able to observe similar results for the sensitivity to the fraction of
borrowing-constrained households in the economy (Figure 4.5). Since HtM agents do not
have alternative sources of income, they push wages down, which makes bondholders work
less. The higher the fraction of borrowing-constrained agents in this economy, the higher
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Figure 4.6 – IRF to a Fiscal Policy Shock to Capital Tax
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal shock to the capital income tax. Interest
rate and inflation are in annualized basis points. In the first line the plots presents the reaction of consumption
of HtM agent (cht ), bondholder (cbt), aggregate consumption and product (ct and yt). Second line, HtM, Saver
and aggregate hours worked (hht , hbt and ht) and wages (wt). Finally, investments (xt), marginal cost (mct),
inflation (Πt) and interest rates (Rt).

this effect. Bondholders manage their budget to work less with lower capital utilization, as
long as wages are too low. Also, for the set of parameters estimated for Brazil, investment
level is more sensitive to µ than in the US. The same happens with the consumption
response of bondholders, who are completely unresponsive to fiscal volatility shocks on
the US.

4.5 FISCAL POLICY SHOCKS

In this section, we present the results for fiscal policy shocks on capital tax rate τ kt ,
labor tax rates τwt , and government spending gt, which will offer a benchmark comparison
of the relevance of fiscal volatility shocks. Figure 4.6 presents the impulse response function
to a fiscal policy shock to capital income tax. Comparing the effect of two-standard-
deviation innovations of an actual fiscal shock to the uncertainty shocks will give us an
understanding of the importance of the latter. First, it is important to highlight that
two-standard deviations make sense for the uncertainty shock, but it would be rather
unlikely for fiscal shocks. Even though this may not be the most likely size, we decided to
keep it for a matter of comparison.

The effect on output for a capital income tax shock in Figure 4.6 is almost 5
times greater than the uncertainty shock on the same instrument. However, when we
compare with labor tax and government spending shocks in Figure 4.7 and 4.8, we notice
that the size of output response is much closer to the uncertainty shock. This means
that uncertainty about fiscal policy can have a strong effect on the economy, comparable



48

with actual fiscal shocks. Also, the distinction in timing is remarkable. While fiscal
shocks last longer, uncertainty vanishes fast, which makes the cumulative effect greater
for fiscal shocks. However, it is not hard to believe that uncertainty shocks may happen
consecutively, which can be understood as an uncertainty trap.

Specific on government spending shocks, Galí, López-Salido and Vallés () introduced
HtM households to obtain a positive response of consumption and investment to a
government spending shock. They show that depending on the fraction of HtM agents on
the economy (µt), price rigidities and labor market structure it is possible to generates
a positive comovement of consumption and government spending, which is in line with
empirical evidences for the US. However, Figure 4.8 goes on the opposite direction, showing
a crowding-out effect of the government spending over consumption and investment. This
suggests that the faction of HtM agents in Brazil could be higher then 40%, though a
correlation analysis between the cyclical component of government spending to GDP and
consumption shows a negative 0.36 result. At the same time, Ferreira (2015) finds a
positive response of consumption to government spending shocks in a TVP-VAR with
stochastic volatility estimated over 1996 to 2014. Since this analysis is beyond scope of
this dissertation, we left this subject for further analysis of the interested reader.

Another important point is to understand how each agent reacts to the shock. In
any case, the HtM agent is the most severely damaged, even for the government spending
increase, where HtM agents may experience an increase in their consumption levels, but
in the long run, the shock turns out to be negative. Comparing fiscal shocks, labor tax
seems to be the most harmful to consumption levels due to its long-lasting effect, while
capital tax drives consumption deeper in the short run, getting back to its steady state
after 20 quarters.

4.6 PSEUDO-OPTIMAL FISCAL POLICY

Considering that countries can diverge in their fiscal policy rule and in their
reraction to its output growth or indebtedness, we perused a “Pseudo-Optimal” Fiscal
Policy. Since we are not solving a welfare Ramsey problem, we cannot regard this exercise
as an optimal policy prescription. In fact, we vary the parameter that captures the reaction
of government spending to previous debt and output gap, considering a range in line with
the literature.13 We used an equally spaced grid of 6,400 points for ρg,y ∈ {−0.2, . . . , 0.2}
and ρg,b ∈ {0, . . . , 0.2}, where for each combination we solved the model and computed
the cumulative GIRFs for three years. Thus, this procedure allowed us to identify optimal
combinations for the fiscal policy rule on government spending in a specific parametric
space reported by the empirical literature.

The literature on optimal fiscal policy with recursive preferences is summarized by
13See Vegh and Vuletin (2015).
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Figure 4.7 – IRF to a Fiscal Policy Shock to Labor Tax
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal shock to the labor tax. Interest rate
and inflation are in annualized basis points. In the first line the plots presents the reaction of consumption of
HtM agent (cht ), bondholder (cbt), aggregate consumption and product (ct and yt). Second line, HtM, Saver
and aggregate hours worked (hht , hbt and ht) and wages (wt). Finally, investments (xt), marginal cost (mct),
inflation (Πt) and interest rates (Rt).

Figure 4.8 – IRF to a Fiscal Policy Shock to Government Spending
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal shock to the government spending.
Interest rate and inflation are in annualized basis points. In the first line the plots presents the reaction of
consumption of HtM agent (cht ), bondholder (cbt), aggregate consumption and product (ct and yt). Second line,
HtM, Saver and aggregate hours worked (hht , hbt and ht) and wages (wt). Finally, investments (xt), marginal
cost (mct), inflation (Πt) and interest rates (Rt).
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Figure 4.9 – Pseudo-Optimal Fiscal Policy - Government Spending and Output

Note: Response of government spending and output gap to a capital income tax volatility shock. The left
column presents the three-dimensional representation of all combinations of ρg,y and ρg,b, i.e., the reaction of
government spending to previous debt and output gap, and on the left, its contour representation. The level of
the plot is the cumulative GIRFs three years after the realization of the uncertainty shock.

Karantounias (2018), who demonstrates that optimal fiscal policy prescriptions change
dramatically depending on the Household preferences. According to Karantounias (2018),
the government should manipulates the returns of its portfolio to minimize the welfare
costs of taxes. In this way, the government would absorb the fiscal risk in order to
attenuates utility volatility by taxing lass in bad times. However, he also stresses that the
connection between risk-aversion and intertemporal elasticity of substitution is a key factor
for this result. What we aim to understand in this section is how should the government
behave in order to minimize utility loses generated by fiscal uncertainty. extending the
understanding in Karantounias (2018) to the relationship between state-contingent debt
and the existence of the different types of agents on the economy.

The first thing we need to understand is what effects capital income tax volatility
shocks have on output considering several different reactions by the government, i.e.,
procyclical or not, as well as a positive or negative reaction of the spending level to
current indebtedness. A remarkable result in Figure (4.9) is that, regardless of the
government’s policy decision, uncertainty will have a negative impact on output. Figure
(4.9) presents the response of government spending and output gap to a capital income



51

tax volatility shock, showing, in the left column, the three dimensional representation of
all combinations of ρg,y and ρg,b, i.e., the reaction of government spending to previous
debt and output gap, and on the right, its contour representation. The level of the plot
shows cumulative GIRFs three years after the realization of the uncertainty shock. It is
possible to identify two quasi-optimal results for the output. First, when the parameter
that indicates government behavior towards past debt is close to -0.05 and the parameter
for response to the output gap is negative, i.e., countercyclical behavior. In this case, the
output would have decreased around -1.1 percent given the steady-state level. On the
other hand, a procyclical government could achieve a similar result if it had a weaker
concern with the previous debt level. The main distinction would be that, in the first
case, the government would end up with a net spending close to zero, while in the second
case, the government decreases its spending level.

At the same time, when we perform the same analysis for household consumption
level in Figure (4.10), there is a striking distinction in the outcome concerning government’s
behavior. The first thing to notice is that an HtM household will always face a negative
response to its consumption level, while the bondholder is more responsive to fiscal policy.
Concerning both spots where the government decision is less harmful to output, while
the first one results in a contraction of consumption, the second one can even lead to
a positive 0.1 percent deviation from its steady-state level for the bondholder, and a
slightly less negative reaction to the HtM consumption level. This happens because
when the government decides to shrink its spending, income taxes are also reduced,
therebydecreasing the effects of uncertainty on households.

This result is in line with Karantounias (2018), since the optimal policy in this
exercise would be the government’s decision to absorb the risk, spending less and decreasing
its indebtedness level. At the same time, we show how different kinds of agents are affected
by the government’s fiscal policy reaction parameters. With a lower debt level, the tax level
on capital would slightly decrease, while capital income tax would be lower proportionally
to the alternative outcome, when the government decides to spend more in reaction to the
lower output gap. With lower tax on both capital and labor, the bondholder ends up with
a higher consumption level after three years, while the HtM agent will only be affected
by the lower level of labor tax. At the same time, a more accurate interpretation is that
higher government spending leads to a higher cost of production and lower markups. A
higher cost of production would push up inflation, leading the monetary authority to
increase interest rates. Bondholders would use precautionary savings and buy debt to
avoid greater losses. Since firms would face a greater decrease in their markup, capital
utilization and labor demand would diminish, making both agents work less. However,
when the government spends less and less pressure is put on markups, firms will go back
to investing in capital earlier and demand labor. Thus, the consumption level of agents
will return faster to its steady state, but ay a much slower pace for HtM agents.
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Figure 4.10 – Pseudo-Optimal Fiscal Policy - Bondholder and Hand-to-Mouth Consumption

Note: Response of consumption for both agents, the bondholder and theHtM agent, to a capital income tax
volatility shock. The left column presents the three-dimensional representation of all combinations of ρg,y and
ρg,b, i.e., the reaction of government spending to the previous debt and output gap, and on the left, its contour
representation. The level of the plot is the cumulative GIRFs three years after the realization of the uncertainty
shock.
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5 GOVERNMENT SPENDING UNCERTAINTY

So far, we have focused on the effects of tax uncertainty, since it presents the
most prominent effects on our framework, which is also a common feature of other
counterparts in the literature. However, it is fairly plausible to assume that uncertainty
about government spending can have significant effects on aggregate macroeconomic
variables. As presented in Figure (4.8), an actual increase in government spending has
a negative effect on aggregate consumption and investment level of the economy, and
also a persistent increase in inflation, prompting the monetary authority to react with
higher interest rates. Considering these real effects, it is reasonable to believe that in the
presence of uncertainty about future government spending, some agents may prefer to
wait for the government’s decision.

In this chapter, we aim to explore the real effects of an exogenous stochastic
government spending volatility shock. Considering the time-varying stochastic volatility
process estimated in Section 4.1, we incorporate the filtered σg,t from Eq. (3.2) into
a structural vector autoregression (SVAR) with aggregate macroeconomic variables to
evaluate the real effects of volatility shocks. The empirical framework is able to show
relevant effects on the response of consumption, output, and monetary policy to a shock
on government spending volatility. Given these results, we try to incorporate the empirical
responses into the model by matching the impulse response of both frameworks.

It is important to highlight that our theoretical model assumes smooth decision
rules and policy functions, without discontinuities. Thus, any uncertainty raised about
government spending cannot transit to a default, since it would generate a kink on the
debt and output level of the economy. In this case, we would need to use a different kind
of solution method other than perturbation, which does not accommodate this situation.
Albeit a relevant situation for many emerging economies, we kept the same framework
designed in Section 3.3 for ease of comparison.

Related Literature. There are several uncertainty measures in the literature,
but the economic policy uncertainty index (PUI) by Baker, Bloom and Davis (2016) are
one of the most widely used measures in empirical papers. Broadly speaking, the PUI is a
measure of uncertainty based on the number of articles about economic policy uncertainty
in major newspapers. Kaviani et al. (2020) use the PUI to investigate the effect of policy
uncertainty on corporate credit spreads. They highlight that policy uncertainty can affect
firms directly, through its specific impact on a given firm, or indirectly, through the
economic environment. Firms more sensitive to government policies may depend largely
on government spending, either on an industry with higher regulation by the government,
or on the payment of higher effective tax rates. Those three kinds of firms would be
affected differently to an increasing level of spending, but before the actual policy, Kaviani
et al. (2020) argue that all three would face a change in their borrowing costs due to a
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higher policy uncertainty.
In the same way as Kaviani et al. (2020), Gulen and Ion (2015) find evidence of a

negative relationship between policy uncertainty measured by the PUI and investments.
According to the authors, a doubling in the level of policy uncertainty can lead to a decrease
by approximately 8.7% in quarterly investment rates relative to the average investment
rate. A counterfactual analysis for the 2007-2009 period suggests that uncertainty may be
accountable for roughly one third of the 32% fall in capital investments during the crisis.

An alternative commonly used proxy to measure uncertainty effects is elections.
Julio and Yook (2012) highlight that election outcomes are relevant to corporate decisions,
as they have implications for industry regulations, monetary and trade policy, taxation,
etc. According to the authors, in the period leading up to the election, investment
expenditures decline by an average of 4.8%, controlling for growth opportunities and
economic conditions. Also, Julio and Yook (2012) document that the election-year drop in
investment is followed by a small temporary increase in investment in the year following
the election, but in a smaller scale than that of the earlier decline.

The aggregate measurement of uncertainty, based on stochastic volatility models,
as described in Chapter 2, is used by Bloom (), Basu and Bundick (), and Fernández-
Villaverde et al. (2015), and it will also be employed in the current chapter. Caldara et
al. (2020) work on the news-based and the stochastic volatility measure of uncertainty
to understand what changes in trade policy uncertainty affect economic activity. Thus,
they find that both expected future tariffs and uncertainty about future tariffs reduce
investment and output, leading also to a reduction in exporters’ investments to a greater
extent than in those of non-exporters, which is consistent with firm-level evidence.

The most closely related studies to the current chapter can be found in Ricco,
Callegari and Cimadomo (2016) and Kim (2019), who investigate the empirical effects
of uncertainty about government spending policy on economic activity. Ricco, Callegari
and Cimadomo (2016) argue that uncertainty about fiscal policy is related to private
agents’ expectations in a system with dispersed information where the government has
potentially superior information on its procedures and future plans. Bearing this in mind,
they develop an index of precision of fiscal policy communication derived from forecasters’
disagreement on the future path of federal fiscal spending, based on the Philadelphia
Fed’s Survey of Professional Forecasters, named ‘fiscal news.’. In order to estimate the
effects of fiscal news shocks, they incorporate the index into an expectations threshold
VAR model together with a number of macroeconomic variables. Kim (2019) follows a
similar strategy, using both the disagreement of the Philadelphia Fed forecasting measure
and the PUI, provided by Baker, Bloom and Davis (2016), in a proxy SVAR model. A
similar empirical strategy, with different uncertainty measure, is also pursued by Basu
and Bundick () and Fernández-Villaverde et al. (2015), estimating a VAR with stochastic
volatility and aggregate macro variables.
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Concerning the results of these papers, Ricco, Callegari and Cimadomo (2016)
provide evidence of the power of fiscal policy in periods of high (or low) disagreement,
while Kim (2019) shows that an increase in government spending policy uncertainty
has a negative, sizable, and prolonged effect on economic activity. Ricco, Callegari
and Cimadomo (2016)’s study emphasizes the benefits of clear communication and
lower uncertainty about future government’s decisions. They argue that fiscal policy
communication can be used as a forward guidance tool to coordinate economic agent’s
expectations and thus consumption, investment, and savings decisions. On the other
hand, Kim (2019) focuses on the negative impacts of uncertainty on the real economy,
also demonstrating that a recursive VAR tends to underestimate the adverse effects of
such shocks. In order to address this issue, we will provide a detailed description of our
simple empirical strategy in the next section and compare with other frequently used
approaches described in the literature.

5.1 EMPIRICAL STRATEGY

In order to estimate the empirical effects of government spending uncertainty
shocks on macroeconomic variables, we used a structural vector autoregression (SVAR)
assuming a long-run restriction as identification strategy. The literature on identification
strategies of VAR models with uncertainty still does not have a consensus. Several authors
follow a standard recursive VAR, such as Fernández-Villaverde et al. (2015), Basu and
Bundick (), and Caldara et al. (2020). Contrary to this approach, Ludvigson, Ma and Ng
(forthcoming) argue that a recursive structure is unsatisfactory as an identification strategy
for a study on uncertainty and business cycles, since it rules out the idea that uncertainty
could covary contemporaneously with real activity both because it is an exogenous impulse
driving business cycles and because it responds endogenously to first-moment shocks.

At the same time, Ludvigson, Ma and Ng (forthcoming) propose a novel SVAR
identification strategy that allows for simultaneous feedback between uncertainty and real
activity using shock-based restrictions. Alternatively, Piffer and Podstawski (2017), Kim
(2019), and Mumtaz and Theodoridis (2020) use sign-restrictions or instrumental variables
(IV) to identify exogenous shocks. Considering our research interest, the sign restriction
VAR does not seem appropriate, once it requires several assumptions because a direct
imposition of signs on the variables of interest can generate artificial impulse responses.
At the same time, a proxy VAR with a weak IV problem can generate unreliable results.
Thus, we impose long-run restrictions, implying that an uncertainty shock does not have
a long-run effect on macro variables. By doing so, we avoid some of the criticisms by
Ludvigson, Ma and Ng (forthcoming) about standard recursive identification, even though
the long-run effects of uncertainty shocks have not been theorized yet.

We follow Basu and Bundick (), with uncertainty about government spending
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ordered first, which assumes that uncertainty shocks can have an immediate impact on
output and its components, but non-uncertainty shocks do not affect the implied stock
market volatility on impact. Also, this ordering is in line with the theoretical model
presented in Chapter 3. We used the same variables selected for the calibration of the
model in the previous chapter, detailed in Section B.1. We use the filtered estimates of
σg,t in Eq. 3.2, where we assume that the law of motion of gt is given by

gt − g =ρg(gt−1 − g) + ρg,yỹt−1

+ ρg,b

(
bt−1

yt−1

− bs
ys

)
+ exp{σg,t}εg,t, εg,t ∼ N (0, 1),

(5.1)

where the log standard deviation of each policy instrument (σx,t) has a time-varying
stochastic volatility process,

σg,t = (1− ρσ)σg,s + ρσσt−1 + (1− ρ2
σ)1/2ησug,t, ug,t ∼ N (0, 1). (5.2)

Equation (3.3) assumes that demean fiscal policy reacts to its previous value gt−1, to the
lagged output gap ỹt−1, and to the lagged debt-to-output ratio (bt−1/yt−1) deviation from
its mean value. Idiosyncratic shocks to uncertainty are independent of first-movement
fiscal policy shocks εg,t, which follow a normal distribution with zero mean and one
standard deviation. The stochastic volatility process σg,t in Equation (3.2) allows a shock
to the second moment ut, which will be interpreted as an increase in uncertainty about
the future time path of fiscal policy, and ησ will be the unconditional standard deviation
of the fiscal volatility shock.

The SVAR response is directly targeted in our calibration, following Basu and
Bundick ()’s strategy of combining SMM and the impulse response matching estimator.
The SMM procedure is described in Section (4.3) and is in line with Andreasen, Fernández-
Villaverde and Rubio-Ramírez (2018), where we incorporate the VAR-based impulse
response estimator of the structural parameters of our model summarized in Guerron-
Quintana, Inoue and Kilian (2017). Formally, our estimator is the solution to the following
problem:

J(θ̂) = min
θ

[Ψ̂−Ψ(θ)]′V[Ψ̂−Ψ(θ)] + [ζ − ζ(θ)]′W[ζ − ζ(θ)]′. (5.3)

Here, W is a positive definite weighting matrix and ζ(θ) contains the model’s simulated
moments. We follow Andreasen, Fernández-Villaverde and Rubio-Ramírez (2018)’s imple-
mentation by letting WT = diag(Ŝ−1

mean) in a preliminary first step to obtain θ̂step1, where
Ŝ−1
m ean denotes the long-run variance of the data ζ when re-centered around its sample

mean. In the second step, WT = Ŝ−1
step1 is set to the optimal weighting matrix, where

Ŝ−1
step1 is the long-run variance of simulated moments parameterized with θ̂step1. Both

long-run variances are estimated by the Newey-West estimator using 10 lags. However,
in the first step, we only run the SMM estimation. Also, Ψ̂ in Eq. (5.1) denotes the
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Table 5.1 – Summary Calibration and Fixed Parameters

Description Value Source

Preferences
β Time-discount factor 0.9865 Calibration
γh HtM Risk Aversion 197.92 Calibration
γb Bondholder Risk Aversion 509.54 Calibration
µ Fraction of HtM agents 0.40 Kaplan, Violante and Weidner (2014)
η Consumption preferences 0.4220 Endogenous
Technology
α Capital share 0.41 Calibration
εp Goods elasticity of substitution 2.22 Calibration
εw Labor elasticity of substitution 16.85 Calibration
δ Steady state depreciation 0.0462 Calibration
δ1 Rate of capital depreciation 0.01 Jaimovich and Rebelo (2009)
δ2 Rate of capital depreciation 0.0076 Calibration
κ Investment cost 0.9998 Calibration
Taylor Rule
φR Smoothing of past interest rate 0.8583 Calibration
φΠ Response to inflation deviations 1.66897 Calibration
φy Response to output gap deviations 0.3494 Calibration
φσ Response to capital tax volatility 0.0285 Calibration
Πs Steady state inflation 1.05 Calibration
Adjustment costs
φp Prices quadratic adjustment cost 4,335.73 Calibration
φw Wages quadratic adjustment cost 4,660.99 Calibration

Note: parameters fixed prior to the estimation are referred with their corresponding source. Parameters esti-
mated with SMM&IR matching procedure are tagged as "Calibration," The consumption preference parameter
η is tagged as “Endogenous” because we normalize the steady state of hours worked to 1/3 using η.

vector of empirical impulse responses and Ψ(θ) is the model-implied impulse responses to
uncertainty shock. Given the empirical results and the literature, we select the response
of output, consumption, investment, inflation, and interest rate. Also, instead of matching
the response on a long horizon, we restrict it to six quarters, with most responses still
far from zero. Finally, V = Σ−1

T is the bootstrap covariance matrix estimator of the
structural impulse response, as described by Guerron-Quintana, Inoue and Kilian (2017).
We only incorporate the IR matching in the second step after estimating the optimal
weighting matrix of the SMM estimator.

In the first step of our estimation, we use the standard deviation and autocorrelation
of eight variables to estimate nine parameters of our model, i.e. , β, δ, δ2, α, κ, φR, φΠ,
φy, and Πs. After computing these parameters and the optimal weighting matrix W, we
incorporate γb, γh, εp, εw, φσ, φp, and φw to match the empirical impulse response of the
SVAR.
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Figure 5.1 – Empirical and model-implied impulse response to government uncertainty shock
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Note: GIRFs for a positive two-standard-deviation innovation to a fiscal volatility shock to government spending
in Brazil. Interest rate and inflation are presented in annualized basis points. In the first row, the plots present
the reaction of the stochastic volatility process (σg,t), aggregate consumption, and output (ct and yt). The
second row shows the response of investments, wages, and hours worked (wt, xt, and ht). Finally, in the last
row, we present the reaction of capital utilization (ut), inflation (Πt), and interest rates (Rt). The shaded area
represents the confidence interval of half standard deviation.

5.2 MAIN RESULTS

The main results of the SVAR estimation are in line with the literature, i.e., a
higher stochastic volatility on government spending generates a decrease in consumption,
output, and output level. At the same time, the empirical estimation also suggests that
the monetary authority reacts with higher interest rates in the presence of an uncertainty
shock. As we are estimating stochastic volatility from the aggregate data on government
spending, higher volatility is followed by an actual change in spending behavior. Thus,
the monetary authority reaction can be interpreted as an anticipation to the actual shock.

We take the empirical responses to the model, matching the impulse response
of output, consumption, investments, inflation, and interest rates with a government
spending volatility shock, as presented in Figure (5.1). While our strategy does a fairly
reasonable job of matching the response of interest rates and consumption, it overestimates
the reaction of the output and investments. The model is also unable to match the slightly
higher inflation response, once the monetary authority also reacts with higher interest
rates. This behavior also forces the cost of changing nominal prices and wages to their
upper bound, implying high price and wage rigidities (see Table (5.1)).

The set of parameters presented in Table (5.1) should be analyzed with caution.
As already mentioned, the high price and wage rigidities only make sense in the context of
an uncertainty shock and of a higher investment cost κ. A similar result is also presented
by Basu and Bundick () and may bring information about some missing channels in our
model. These results are in line with the literature, showing higher credit spread and
borrowing costs, as presented by Kaviani et al. (2020). This also suggests that it may be
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relevant to include a more consistent credit channel in the model, since the monetary policy
reaction is already well calibrated. An alternative model would include a term structure
of interest rates, where the borrowing cost of firms would be higher than the monetary
policy interest rates. However, in frameworks like those of Binsbergen et al. (2012) and
Kung (2015), the long-term interest rate depends on the expectation of future inflation
and consumption. However, the model underestimates the future inflation response to an
actual increase of government spending, such that there is a negative impact on the slope
of the interest rate (see Figure B.4).

5.3 SUMMARY AND CONCLUSION

In this chapter, we explore the empirical relationship between government spending
volatility shocks and macroeconomic variables. Even though it is a very preliminary and
still superficial analysis, it demonstrates that uncertainty about government spending can
have meaningful and downward effects on consumption and output level. The monetary
authority’s reaction as a transmission channel is described in our model. However, we
highlight that other credit channels could also play an important role in this analysis.
Furthermore, uncertainty may have an endogenous effect on price rigidities and investment
costs, overcome by our calibration strategy by setting high and implausible adjustment
costs.

Further analysis should consider a larger dataset instead of focusing solely on
government spending data, which are more accessible than tax data for Brazil. This
would provide a better empirical analysis and tighter confidence intervals. Also, there
is a growing empirical literature on the estimation of uncertainty shocks, with new
identification strategies as in Ludvigson, Ma and Ng (forthcoming), or alternatives with
proxy VAR identification, which would impose the challenge of finding the appropriate
instrumental variable for Brazil.

From a theoretical point of view, we believe that a model with more elaborate credit
market and firm heterogeneity could provide a better explanation about the transmission
of uncertainty. Also, it seems important to consider that the higher the debt level of the
government, the higher the risk of default, which could explain the term premium absent
in the extension of the model developed in this chapter, generating higher borrowing costs
for the private sector.
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6 FINAL REMARKS

This dissertation indicates how to measure uncertainty as a stochastic volatility
process, focusing on the effects of fiscal policy uncertainty on macroeconomic aggregates.
Also, the study split the standard representative agent structure into a two-agent frame-
work, which allows understanding how HtM agents are affected by these shocks and
highlights an important transmission channel through the labor market. Furthermore,
this was the first study to estimate and explore the effects of tax and spending uncertainty
in Brazil. The stochastic volatility estimation underscores the importance of proper
measurement of relevant aggregate tax rates, which are still limited for Brazil.

In the first chapter, we explore the literature on stochastic volatility and how it
can be understood as an uncertainty measurement. We develop a survey about SV models
and estimation procedures, as well as their application in the macroeconomic literature,
hoping to cooperate with future studies on the same subject, which still has much room
for improvement. The analysis of the stochastic volatility of capital tax demonstrates
that there is a high probability of relevant tax changes that have real effects in a fifteen
years’ time. A pertinent observation is that higher tax volatility generates real negative
effects on output, regardless of the sign of the actual shock (increase or decrease in the tax
charges). Our empirical analysis also explores a known feature of emerging markets, which
does not necessarily follow the same fiscal policy reaction of advanced countries. Precisely,
there are many cases of developing countries, such as Brazil, following procyclical fiscal
policy rules, increasing the estimation challenge.

The quantitative macroeconomic model presented in the second chapter follows
the New Keynesian literature, containing several frictions that introduce nominal and real
rigidities in prices, wages, capital, and investment. Also, we use a two-agent model with
Epstein-Zin preferences that allow the differentiation between household types according
to their risk aversion and intertemporal elasticity of substitution. The results in chapter
3 demonstrate that this is an important feature of the model, once our calibration
distinguishes significantly the risk aversion of agents when comparing results for the US
and Brazil. This distinction between IES and risk aversion shows that HtM agents in
the US tend to self-select themselves into a situation where they are unable to engage
in precautionary savings, which does not mean that they are poor, as demonstrated by
Kaplan, Violante and Weidner (2014). However, the risk-aversion calibration for Brazil
indicates that HtM agents are more risk-averse than bondholders, a feature that may
indicate that a greater portion of HtM agents in Brazil are poor. Finally, the two-agent
setting also demonstrates to be relevant when we assume a different portion of HtM agents
in the economy, which changes the size of responses to an uncertainty fiscal shock.

As some developing countries have unconventional fiscal policy reactions to the
output gap and debt level, we perused a pseudo-optimal fiscal policy analysis, trying to
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understand what the best reaction of a government toa tax rate volatility shock would be.
The analysis shows that a government that decides to react in a countercyclical way to an
uncertainty shock, which drives aggregate output down, spending less because of higher
tax uncertainty, generates smaller contraction on consumption level for both agents. At
the same time, a decision rule that indicates the government will increase spending due to
higher tax volatility drives the aggregate output to a slightly better outcome but drags
consumption to a much lower level.

In the last chapter of this dissertation, we focus on government spending volatility,
which does not have a significant role in the standard calibration of our model. In
order to quantify empirical reactions to government spending volatility, we incorporate
filtered stochastic volatility of government spending into a structural vector autoregression
with aggregate macroeconomic variables to evaluate the real effects of volatility shocks.
Although it is a very preliminary and still superficial analysis, it demonstrates that
uncertainty about government spending can have meaningful and downward effects on
consumption and output level. The SVAR response is directly targeted at our calibration,
combining SMM and the impulse response matching estimator. This procedure shows
that volatility shocks increase investment costs and may have endogenous channels that
could be explored in future research.
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APPENDIX A - EQUILIBRIUM CONDITIONS

This appendix aims to represent the equilibrium conditions for the TANK model
developed in Section 4.6. First, we need to understand that the stochastic discount factor
for each agent is:

mt+1 =
∂Vt/∂ct+1
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,

which can be rewritten considering the FOC w.r.t. ct,
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1−γ

. (1)

where λt is the Lagrangian multiplier associated with the budget constraint.
Focusing on a symmetric equilibrium, the first-order conditions of the saver problem

of maximizing expected utility with respect to ct, bt, xt, kt, ut and wj,t are
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(7)

where qt is the multiplier associated with the investment adjustment constraint. The FOC
of the HtM agent will be equivalent to Equations 2 and 7, since she does not have access
to the bond market and cannot invest on capital.

Equilibrium conditions associated to firm’s problem will be marginal cost and FOC
for factor inputs,

mct =

(
wt

zt(1− α)

)1−α(
rkt
α

)α
(8)

kt−1

ht
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αwt
rkt (1− α)

, (9)
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which are associated with the first stage of the problem, and the expended Phillips Curve
is given by

φpΠt(Πt − Πs) =(1− εp) + εpmct +
φpεp

2
(Πt − Πs)

2

+ φpEt
{
mt+1

yt+1

yt
Πt+1(Πt+1 − Πs)

}
.

(10)

Thus, given these equilibrium conditions, we are able to solve the model through a
third-order approximation.
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APPENDIX B - FURTHER RESULTS

Figure B.1 – Recursive average of tax income capital parameters

Note: The recursive average indicates the convergence of parameters. In the first row we present results for σs,
ησ and ρb, while the second row has the following parameters ρx, ρσ and ρy, according to Eqs. (3.1) and (3.2).

B.1 DATA AND ESTIMATION FOR BRAZIL

In this Appendix, we aim to analyze in detail the data used for the estimation of the
SV model and the calibration of the structural model for Brazil. As mentioned in Section
4.4, the labor tax income we obtained from Azevedo and Fasolo (2015) was adjusted by the
unemployment rate. Since the main unemployment rate series for Brazil does not cover
the whole tax sample, we selected the unemployment rate in the Metropolitan Area of the
city of São Paulo (IPEADATA id code 37655). This series has a correlation of 0.97 with
the official data considered by the government based on the Brazilian National Household
Survey. The main difference will be in levels, with mean unemployment rate varying
from 13.9 to 9.6. Besides the tax data in Azevedo and Fasolo (2015), the government
spending data represent the total expenditure reported in Table 1.4-A of the Central
Government Fiscal Balance available on the National Treasury website1. Among the
three fiscal instruments, only one observation can be seen as an outlier. In the third
quarter of 2010, the government spending rose suddenly, going back to its normal level in
the next quarter. This outlier preceded the 2010 Brazilian Presidential Election, held in
1http://www.tesouro.fazenda.gov.br/en/central-government-primary-balance.
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October of that year. There are several models for incorporation of jumps on stochastic
volatility models; however, in our specific case, modeling this outlier would generate
minimal improvement in our analysis, which led us to interpolate the outlier instead of
changing the whole model to accommodate a single observation. Finally, we used the
Federal Government Net Debt data (SGS-BCB id code 4479) to calculate the government
indebtedness level.

Table 4.4 presents the model fit for the selected moments. We match the standard
deviation and the autocorrelation among variables yt, ct, xt, wt, ht, ut, Rt, and Πt, the
correlation of these variables with yt, the mean of interest rates and inflation, and the
correlation between Rt and Πt. The data for Brazil are taken from several sources, as
specified next, and the period used goes from 1999:Q1 to 2014:Q4. We limited our data
series to cover the same length of the data used for the fiscal instruments, where we
are limited to the data provided in Azevedo and Fasolo (2015). We gave the same data
treatment for both US and Brazil series, but some data for Brazil are more limited than
those available for the US economy. An example of this limitation is the compensation-per-
hour data series, and, therefore, we selected the average nominal salary for the industry in
the State of São Paulo as the closest data available with sufficient size and frequency. In
order to make the comprehension of each series counterpart clear, we use the same code
of the corresponding US data at the St. Louis FRED database after each variable name
with its specification and source in a footnote. The data used are the real gross domestic
product (GDPC1), the real gross private domestic investment (GPDIC1), the real personal
consumption expenditures (PCECC96)2, the effective SELIC rate (FEDFUNDS)3, the
broad consumer price index, IPCA, (GDPDEF)4, the average nominal wage in the industry
of the State of São Paulo (HCOMPBS)5, Industry: hours of all persons (HOABS)6, and
capacity utilization: total industry (TCU)7.

B.2 MONETARY POLICY RULE

Figures B.2 and B.3 present the role of this innovation on the Taylor Rule comparing
the results of a standard Taylor Rule, without any direct response of the monetary authority
to the shock, and the Taylor Rule on Eq. (3.13). While the effects on the US are relatively
subtle, allowing the model to replicate empirical evidences of a drop on inflation, as
2Chained indexes (Source: System of Quarterly National Accounts, IBGE)
3Percent, Not Seasonally Adjusted (Source: BCB-SGS id code 4390)
4Index 1993 = 100, (Source: (IBGE/SNIPC, IPEADATA id code 36482)
5Index 2006 = 100, (Source: Federação e Centro das Indústrias do Estado de São Paulo, Levantamento
de Conjuntura, Fiesp, IPEADATA id code 33689)

6Index 2006 = 100, Seasonally Adjusted, (Source: Confederação Nacional da Indústria, IPEADATA id
code 33209)

7Percent of Capacity, Seasonally Adjusted Monthly, (Source: Confederação Nacional da Indústria,
IPEADATA id code 33211)
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documented by FGKR, in Brazil the difference is much stronger. Without a direct
response of the monetary authority to uncertainty about capital income tax all observed
effects would be negligible. Furthermore, this also shows that the model can be extremely
sensible to the parameter φσ that controls the responsiveness of interest rates to volatility
shocks.

Figure B.2 – The role of the Alternative Taylor Rule
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal volatility shock to the capital income
tax for the US. Solid blue (dashed red) for the IRFs to a fiscal volatility shock with φσ = 0.005 (φσ = 0) on the
Taylor Rule, which means that the monetary authority is directly reacting (or not) to the volatility shock.

B.3 INCLUDING A TERM STRUCTURE OF INTEREST RATES

As mentioned in Section 5.2, an alternative framework to understand the effect of
uncertainty on borrowing costs is through the term structure of interest rates. Following
Binsbergen et al. (2012) and Kung (2015), a standard setting is to assume that the
central bank’s short term interest rates and the forward rates are defined by the linkage
to the previous maturity rate and expectation about future inflation. In our model, it is
straightforward to consider the household intertemporal condition related to the first-order
condition with respect to bonds,

1

Rt

= Et
{
mt+1

(
1

Πt+1

)}
(11)
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Figure B.3 – The role of the Alternative Taylor Rule in Brazil
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Note: GIRFs to a positive two-standard-deviations innovation to a fiscal volatility shock to the capital income
tax for Brazil. Solid blue (dashed red) for the IRFs to a fiscal volatility shock with φσ = 0.005 (φσ = 0) on the
Taylor Rule, which means that the monetary authority is directly reacting (or not) to the volatility shock.

where the bond price can be computed recursively using

1

Rt,t+m

= Et
{
mt+1

(
1

Πt+1Rt+1,t+m

)}
(12)

with R−1
t,t+m being the time-t price of an m-period nominal bond, Rt,t+1 = Rt and Rt+1,t+1 =

1.
Considering this structure, Kung (2015) demonstrates that movements in nominal

yields are driven by the conditional mean and variance of the nominal stochastic discount
factor (mt+1), which, in turn, depends on inflation and consumption growth. However,
simulating our model based on this new feature does not generate an increase in the slope
of the yield curve (see Figure B.4), suggesting that the uncertainty about the impact of
government spending on inflation expectation is still underestimated.
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Figure B.4 – Government spending uncertainty effect on the yield curve
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Note: GIRFs for a positive two-standard-deviation innovation to a fiscal volatility shock to the government
spending for Brazil. Solid blue (dashed red) line for the IRFs to a fiscal volatility shock with standard calibration
presented in Chapter 3, with φσ = 0.005 (versus the calibration presented in Section 5.2) for the Taylor rule.
In the first row, we present the reaction of consumption (ct), inflation (Πt), and short-term interest rates
defined by the monetary authority (Rst ), and in the second row, we present the long-term interest rate for
5 years, 20 quarters, maturity bond (Rlt), the slope of the yield curve (slope = R20

t − R1
t ) and curvature

(curvature = (R1
t +R14

t +R20
t )/3).


