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Introduction

In this thesis, I work on three independent essays concerning fiscal policy. Even

though the motivation relates to the Brazilian challenges, the results serve as refer-

ences to other developing economies. In the first chapter, I discuss policy responses

in a deep recession context, assessing distinct fiscal rules. In the second chapter, I

study optimal fiscal policy when a country experiences an abrupt increase in fiscal

revenues due to a nonrenewable natural resource windfall. Chapter 3 explores the

impact of public expenditures on citizens’ well-being in distinct government action

areas. Together, these chapters bring a contribution to an ample spectrum of fiscal

policy discussions. In assessing distinct fiscal rules and their implications for policy

decisions, I explore the relevance to open fiscal space to a government implement

a countercyclical policy, even finding evidence that this policy is not desirable as a

general rule. In addition, by studying optimal policies when dealing with a natural

resource windfall, I show the importance of responsible government savings behavior

to challenge uncertainty in intergenerational wealth management. Finally, study-

ing the impact of public expenditures on people’s well-being highlights that maybe

governments are failing to use in an efficient way citizens’ tax payments.

The main objective of the first chapter is to evaluate the dynamic of public ex-

penditures composition under distinct fiscal rules in an economy that experiences

a preference shock. The motivation grounds in the Brazilian implementation of a

cap on real expenditure fiscal rule in 2016. I allow the government to spend on

two categories of public expenditures: consumption goods and investment. Then, I

consider two kinds of fiscal rules: a cap on real expenditure and a discretionary rule

that responds to the output gap. Mixes of optimal fiscal policy with either optimal

or sub-optimal monetary policy allow me to cover a couple of Ramsey’s problems.

Finally, I present the welfare results to the distinct fiscal environments and policy

mix a government can choose. The results highlight the importance of reforms that

permits a government to enhance its capability to implement a countercyclical fiscal
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policy. However, I show that this countercyclicality is not a general rule as a policy

instrument.

The second chapter’s main objective is to propose an alternative approach to analyze

optimal fiscal policy in an environment where a country faces a positive primary

revenue shock due to discovering and exploring a nonrenewable natural resource.

The motivation comes from Brazil’s discovery of oil in the pre-salt layer, announced

in 2007. This paper solves an infinite-horizon stochastic Ramsey problem without

assuming that the model turns out to a deterministic environment at some finite

period in time. To this end, I apply the Parameterized Expectation Approach to

approximate expectations before and after the windfall term. The baseline model

predicts the relevance of precautionary saving during the windfall to cope with

uncertainty in the natural resource revenue. The optimal policy suggests adopting

an austere fiscal policy during almost a half period of the windfall. The reward is an

attainable level of private and public consumption significantly higher than in the

model without uncertainty during the transition to and in the long-run equilibrium.

The main objective of the third chapter is to assess the impact of public expendi-

tures on people’s happiness in the Brazilian States. I propose a two-step approach

to work with cross-sectional surveys that, at successive releases, draw new and inde-

pendent samples. In the first step, I regress individuals’ self-reported life-satisfaction

on objective variables. In the second step, I regress the States’ averaged residuals of

life satisfaction obtained from the first step on distinct categories of public expendi-

tures and control variables. This paper contributes to the incipient literature that

evaluates the relationship between public spending and life satisfaction using panel

data. I find evidence that there is a negative (or at most null) impact of public

expenditures on happiness.
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Chapter 1

Optimal Composition of Public

Expenditures in a Recession under

Distinct Fiscal Rules

1.1 Introduction

The international financial crisis that emerged in the second semester of 2008 had

severe negative externalities on the economic activity in the following years. Many

countries worldwide started to launch packs of stimuli, including both fiscal and

monetary policies measures. Brazil shared this behavior with other developing and

developed countries, adopting anti-crisis measures from the second semester of 2009.

In the following years, economic activity response was relatively positive, registering,

after a decline of 0.13% in 2009, an average economic growth of 4.11% in 2010-2013.

The base nominal interest rate (Selic) reached a floor of 7.25% in April 2013, from

13.75% in the middle of September 2008. Annual CPI from 2009 to 2013 averaged

5,69%, staying inside the inflation target range. Regarding fiscal policy, the federal

government launched a mix of measures with and without direct impact in the

primary balance indicator (the one government needs to accomplish yearly due to

the Fiscal Responsibility Law).

Treasury loans to the National Bank of Economic and Social Development (BNDES)

between 2008 and 2014 amounted to BRL 424 billion, without immediate impact

on the primary balance. However, the widening of tax incentives to labor-intensive
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sectors, together with expanding spending measures (social programs, public in-

vestments) and the difficulty to revert some of these policies, culminated in the

deterioration of the principal fiscal indicators from 2014 (Figure 1.1).
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Figure 1.1: Fiscal Main Indicators

Historically, revenues increases helped to maintain the increasing trajectory of public

expenditures. From 2014 on, things seemed to be different due to a lack of resilience

in economic activity. The main fiscal variables, primary balance and public debt,

have registered an inflection on their trajectories.

Under this environment, in June 2016, the federal government sent to the National

Congress a Constitution Amendment Law (PEC 241/2016), approved in December

of 2016, that established the “Brazilian New Fiscal Regime”. The Motivation Letter

83/2016 brought the following two sentences:

“This instrument aims to revert, in the medium and long terms, the deterioration

of fiscal performance over the last years”.

“Reestablish confidence in public expenditures and debt sustainability”.

Summarily, the law aims to discipline the evolution of federal government spend-

ing. It states that total nominal public primary expenditures could not exceed the

previous period adjusted by inflation1:

PtGt ≤ (1 + πt−1)(Pt−1Gt−1)

1The concept of primary expenditures excludes interest net payments. The most important

exclusion is interest on public debt.
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Given that this rule does not allow a mechanism to adjust for economic growth, it

represents an extra effort to implement a countercyclical fiscal policy. Supposing the

inflation measure (CPI) is closer to the GDP price deflator and a relatively stable

inflation dynamics, the public expenditure to GDP ratio would reduce in economic

booms, with the revenue naturally increasing. It would raise the primary balance

in good times. The reverse would happen in periods of economic downturns.

In this chapter, I assume that the previous rule is binding. Historically, it is not a

flawed assumption, as one can observe in Figure 1.2. Moreover, there is an economic

reason why this is a reasonable assumption under the Brazilian fiscal environment.

At the federal government, about 90% of primary public expenditures are manda-

tory2, which means the government can not adopt a contingent policy regarding the

majority of that kind of spending.
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Figure 1.2: CPI and Public Expenditure Variations

The contribution of this chapter is threefold. First, I evaluate public expenditures

composition dynamics concerning a preference shock under distinct fiscal rules in a

private equilibrium economy. Beyond the cap on real expenditures growth rule, I

study an output gap responding fiscal rule, the latter encompassing a non-reactive

rule when the sensibility parameters to output gap are null.

Second, I solve a couple of Ramsey Problems to distinct mixes of monetary and fiscal

2This number reduces to close to 75% at the general government, which also accounts for State

and Municipalities.
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policies setups and assess public expenditures composition dynamics following that

demand shock. Here, I show that when the monetary policy is set sub-optimally

(Taylor rule), the Ramsey solution under the output gap responding fiscal rule

delivers the same result as that of the private equilibrium economy.

The third contribution consists of a welfare analysis of different mixes of monetary

and fiscal policies. The benchmark model to which it is possible to derive first-best

results is used to compare the welfare losses across the distinct policies mixes.

In one simulation, I perform a sensitivity analysis on the output gap rule when the

monetary policy follows a Taylor rule to evaluate the importance of reforms that

enhance the government’s capability to implement a countercyclical fiscal policy.

There is a range of public consumption and investment elasticities to the output

gap that generates lower welfare losses than the private equilibrium economy under

the cap on expenditure growth constraint. However, it does not generate a welfare

loss lower than the Ramsey solution to the mix of sub-optimal monetary policy and

optimal fiscal policy under the cap. Still, the output gap responding rule becomes

attractive from a policymaker’s perspective because it also characterizes an optimal

Ramsey policy 3.

In another simulation, I find that it is not possible, over an acceptable range of

elasticities, to generate a welfare loss to the mix of optimal monetary and fiscal

policies under the output gap rule lower than that attainable following the same

mix of policies under the cap rule. This finding suggests a limit to the pursuance

of a countercyclical spending policy beyond that attainable under the cap rule,

supposing the government implements optimal fiscal and monetary policies.

I organize this chapter into six sections beyond this introduction. Section 1.2

presents a (nonexhaustive) literature review. In section 1.3, I describe a standard

New-Keynesian model with public capital. I define distinct Ramsey Problems in

section 1.4, varying according to the mix of monetary and fiscal policies environ-

ments. Section 1.5 brings a quantitative exercise aiming to compare the dynamic

of economic variables in response to a demand shock in each of the environments

shown in section 1.4. I develop a welfare analysis in section 1.6. The 7th section

concludes this work.

3The private equilibrium under the output gap fiscal rule and the monetary policy following a

Taylor rule coincides with the Ramsey solution
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1.2 Literature Review

The literature that relates fiscal policy to economic growth is not recent. Until the

end of the 1980s, the neoclassical growth theory was the workhorse of such analysis

(Solow, 1956; Swan, 1956; Solow, 1957). The role of fiscal policy in influencing

long-run growth is null in that class of models (Arrow and Kurz, 1969). More

recently, some articles evaluate the optimal composition of public expenditures in

those models (Carboni and Medda, 2011; Bajo-Rubio, 2000; Fisher and Turnovsky,

1998). The predominant impact occurs in the short run, during the transition

path to the steady-state, with exogenous factors (technological progress, population

growth) determining the growth rate.

The development of endogenous growth models in the 1980s (Romer, 1986; Lucas,

1988) benefited the literature’s surge about fiscal policy and long-run growth. The

most influential paper was that of Barro (1990), which analyzes the effects on the

growth and saving rates of tax-financed government services provided to the produc-

tive sector and consumers. The author extends the kind of constant returns to scale

endogenous growth models to account for a broad concept of capital (human and

nonhuman capital), giving space to the influence of productive government services.

The model assumes diminishing returns on private capital but constant returns in

the whole inputs for production, the principal channel to affect steady-state growth.

The main conclusion is that while services to the private sector increase growth and

saving rates, at least initially (when government size is not large and inefficient),

the utility-type expenditures reduce them. Assuming a Cobb-Douglas technology

and a flat income tax, the share of government production services over output

that optimizes growth is the one that equals the share that would prevail whether

a competitive market of inputs provides those services. Even satisfying a condition

for productive-efficiency, the decentralized equilibrium results in lower growth and

saving rates than the planner solution.

Barro (1990) brings beyond the results on growth and saving and discusses the gov-

ernment’s size and public expenditures composition. When providing other types of

expenditures, the choice of production services’ share becomes below the productive-

efficiency share. Then the growth and saving rates are lower than if the government

was providing just inputs to production. The provision of other expenditures than

those that raise production does not directly impact private sector productivity.
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However, it reduces individuals’ rewards on their investment return since the gov-

ernment needs to increase the income tax rate.

Concerning empirical results, Barro (1990) mentions some applications to govern-

ment expenditures and growth. Kormendi and Meguire (1985) find a non-significant

relation between GDP growth and public consumption expenditures. Grier and

Tullock (1989) support a significant negative relation between those two variables,

mainly attributed to OECD countries (see also Landau, 1983). Barth and Bradley

(1987) find a similar relation for public consumption but a non-significant effect of

government investment on GDP growth, although with a positive point estimate.

This finding on investment suggests that countries act to optimize production-type

expenditures.

Devajaran, Swaroop and Zou (1996) settle an endogenous growth model to derive

conditions under which changes in the composition of public expenditures imply

higher growth rates. Such conditions depend on both physical productivity and

initial shares. They consider two types of public expenditures, productive and un-

productive expenditures, entering into the production function. Based on a group

of 43 developing economies over 20 years, they find evidence that current expen-

ditures, often considered unproductive, positively affect growth rates. Otherwise,

(possibly excessive) expenditures considered productive (including the capital, trans-

port, communication, education, health) have a negative and significant effect. The

authors argue that developing countries have misallocated expenditures in favor of

an excessive unproductive level of capital expenditures. These results have implica-

tions for recurrent policy recommendations: widespread public investment to boost

growth.

Glomm and Ravikumar (1997) work with an overlapping generation model (Di-

amond, 1965), assuming two kinds of public spending provisions: infrastructure

(roads, airports, R&D) and expenditures that enhance investment technologies (ed-

ucation). Their model delivers an economy converging to a sustainable growth path,

with long-run growth rates across countries varying accordingly to their technology

and preference parameters. They present a review of the empirical literature. The

conclusion is that public capital seems to have long-run effects on output, even with-

out a significant short-run impact. Regarding education, results are not conclusive,

with no relevant impact on growth. The authors argue that growth rate differences

across countries can be significant, explained by variations in schools’ quality.

Also grounded on a one-sector endogenous growth model, Chen (2006) studies the
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optimal composition of two types of public expenditures, consumption and invest-

ment, and its relationship with economic growth. He derives a unique interior so-

lution to the share of investment in public expenditures, determined by the policy

and structural parameters. This finding would have implications for the case of East

Asian growth miracles, noting that these countries registered both higher public in-

vestment share and economic growth than countries of other regions as a result of

optimizing choices in favor of public investment.

Ghosh and Gregoriu (2008) widen the work of Devarajan et al. (1996) to choose

the share of productive and unproductive public expenditures under an optimality

perspective. They also experiment with the optimal setup of the income tax to

solve the model. Their empirical results, grounded over 28 years of data on 15

developing countries, are very similar to those of Devarajan et al. (1996), with a

rising in current expenditures associated with higher growth rates and increasing

capital experiments reducing growth. The authors argue not necessarily in favor

of overspending on capital to the detriment of current expenditure but that capital

expenditures did not increase productivity as expected.

The literature on endogenous growth models sheds light on the potential implications

of different types of public expenditures on economic growth. Aschauer (1989)

argues that infrastructure expenditures (highways, airports, streets) are relevant

when they have implications for private production, using US data from 1949-1985.

Munnell and Cook (1990) and Garcia-Milà and McGuire (1992) find evidence of

public capital’s importance to explain differences in economic performance across

the US States. Otherway around, Evans and Karras (1994) and Holtz-Eakin (1994)

do not find evidence, to a panel of 48 US States, of a positive impact of public

capital expenditures on the economic performance.

Easterly and Rebelo (1993) get evidence on the association between economic growth

and investment in transport and communication in developing countries. Barro

(1991) relates the increase in nonproductive government consumption and lower per-

capita growth but does not find a significant association between public investment

and growth for a mix of 98 countries in the period 1960-1985. Gupta, Clements,

Baldacci and Mulas-Granados (2005) find evidence to a sample of 39 low-income

countries that fiscal consolidation through the sacrifice of current and preserving

capital expenditures is associated with higher economic growth.

Under a Real Business Cycle (RBC) general equilibrium approach, Baxter and King

(1993) model fiscal policy with government financing basic public expenditures, that
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increase utility without altering private consumption and production decisions, and

government investments to accumulate public capital, that affects the production

function as an externality and also increases households’ utility. The study investi-

gates the multiplier effects of temporary and permanent changes in basic expendi-

tures and permanent changes in public investment. The authors also explore public

expenditures’ government financing decisions.

They point to a plausible possibility of a long-run output multiplier higher than one

for basic expenditures under lump-sum taxation. In the short run, the multiplier

size can still be above one but depends directly on the size of the labor supply’s

intertemporal elasticity. Regarding the temporary effects of changes in these basic

expenditures, they sustain that they are lower than the effects of permanent changes,

in contrast with Barro (1981) and Hall (1980). When the authors assume distor-

tionary taxation, the results are entirely distinct, with plausible negative values of

multipliers. In the presence of that kind of tax, the agents have less incentive to

work and invest when the government raises tax to finance more basic expenditures.

Back to lump-sum taxation, the authors evaluate the impact of permanent changes

in public investment. There is a direct effect on public capital, keeping fixed private

capital and labor inputs, and a supply-side effect due to induced changes in capital

and labor choices. Both effects increase in the public capital’s productivity parame-

ter, with capital and labor responses key determinants of output response to public

investment changes.

Ambler and Paquet (1996) analyze the optimal composition of public expenditure

under the stochastic RBC approach. A benevolent government optimizes public in-

vestment and nonmilitary expenditures. The former serves to increase public capital

in the production function while the latter serves as utility-type expenditures. The

third kind of public expenditure is exogenous and does not affect private marginal

utility and productivity. Public financing comes with a fixed income tax rate and

a lump-sum tax. The authors evaluate responses of aggregate macroeconomic vari-

ables to technological shocks and exogenous military spending. In their findings,

the model predicts well that government current and investment expenditures types

should behave like their private sector counterparts. Current private and govern-

ment consumption are less volatile than output, while private and public investments

are much more volatile than output. The model predictions of correlations among

government expenditures types and output overestimate those observed in the data.

Possible explanations for these findings are measurement errors and the delay be-

tween the shocks and the endogenous government reaction.
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Aimed at endogenizing the available fiscal policy instruments, Lansing (1998) widens

the RBC framework to account for endogenous public expenditures (utility-type and

production-type public capital), tax, and debt. Indeed, beyond technological shocks,

he also assesses the role of preference shocks for public consumption goods. On the

revenue side, the model follows Chari, Christiano and Kehoe (1994, 1995), while the

expenditure side is similar to that of Ambler and Paquet (1996). A Ramsey govern-

ment optimizes a representative household utility function under the assumption of

a commitment technology. The model that accounts for both kinds of shocks can

reproduce key features of US fiscal policy. The author argues that even the opti-

mal fiscal variables present substantial variability over the business cycle, it does

not imply that they function as automatic stabilizers. Optimal tax rates are coun-

tercyclical and public expenditures procyclical. Accordingly, these results reinforce

doubts about the desirability of government stabilizing policies.

The study of public spending and growth also encounters relevant developments in

the class of New-Keynesian dynamic stochastic general equilibrium (DSGE) mod-

els (Smets and Wouters, 2003; Schmitt-Grohé and Uribe (2005, 2007); Smets and

Wouters, 2007; Gaĺı, Lopez-Salido and Vallés, 2007; Cogan, Cwik, Taylor and

Wieland, 2010). The optimal choice of public spending is the object of, for ex-

ample, Gaĺı and Monacelli (2008).

Existing literature using such a class of models focuses on assessing the multiplier

effect and the welfare perspective regarding public expenditures’ desirability but

restricting attention to government spending on consumption goods (not necessarily

increasing households’ utility). The findings support that under a liquidity trap (and

deep recession), the multiplier is high (Christiano, Eichenbaum and Rebelo, 2011;

Woodford, 2011) and that the optimal fiscal response, at least temporally, is to

increase public spending (Woodford, 2011; Schmidt, 2013; Nakata, 2017; Bhattarai

and Egorov, 2016). Some papers that consider public investment, but without going

through optimal policy concerns, are Leeper, Walker and Yang (2010), Leduc and

Wilson (2013), and Bouakez, Guillard and Roulleau-Pasdeloup (2017a).

Sims and Wolf (2018) explore the output and welfare effects of government con-

sumption and investment expenditures in a medium-scale New-Keynesian DSGE

model. A quantitative exercise shows that households would prefer a government

more engaged in public investment once the government’s size is optimal. However,

they note that this result is quite sensible to the weight of government consumption

and public investment productivity. They conclude that countercyclical government
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spending should not be a general prescription rule. Especially in the presence of

distortionary taxation. Notwithstanding, the fiscal stimulus can be relevant under a

passive monetary policy, as in zero lower bounds (ZLB) periods. They also evaluate

the inclusion of “rule of thumb” households. The higher the fraction of such agents,

the higher are the output and the welfare multipliers.

A formal investigation of the optimal composition between utility-type expendi-

tures and capital-type expenditures is the object of Bouakez, Guillard and Roulleau-

Pasdeloup (2019) in a context of a deep recession with zero lower bound interest rate

constraint. They use a New-Keynesian model approach to investigate the impact of

a preference shock that leaves the economy in a ZLB episode. The authors show a

role for expanding public spending under this circumstance, with a prominent place

for investments to raise public capital. Restricting the monetary policy instrument

to a sub-optimal Taylor rule, public expenditures related to the stabilization mo-

tive for consumption and investment amount to -1.0% and 6.0% of the steady-state

output in cumulative terms.

1.3 The Model

I am following Bouakez, Guillard and Roulleau-Pasdeloup (2017b)4 in setting up the

main model characteristics. The New-Keynesian economy, without private capital,

is composed of four types of agents: infinitely living households, competitive final-

good firms, monopolistic competitive intermediate-goods firms, and government.

1.3.1 Households

There is a continuum of infinitely living identical households, indexed by i∈ (0, 1),

that derive utility from private (Ct) and public (Gc
t) consumption and dislike labor

(Nt). The lifetime utility function of a representative household follows from:

E0

∞∑
t=0

βtξt

[
U
(
Ct, Nt

)
+ V

(
Gc
t

)]
(1.1)

4This is a previous version of Bouakez et al. (2019).
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where β is the discount factor. The function U(.) is increasing and concave in

Ct and decreasing and concave in Nt, while V (.) is increasing and concave in Gc
t .

Households are endowed with 1 unit of time, which they allocate between labor and

leisure (1−Nt). The logarithm of the preference shock ξt follows an AR(1) process,

such that:

ln(ξt) = ρ ln(ξt−1) + εξt , with εξt
i.i.d.∼ N (0, 1) (1.2)

Households trade among themselves a risk-free one period bond (Bt) in zero net

supply. A representative household enters in period t with Bt−1 units of nominal

bonds carried from the previous period, receive from intermediate-goods firms a

nominal wage Wt from renting its labor in a competitive input market and dividends

Dt corresponding to his ownership share in each of those firms5, and pays a lump-

sum tax Tt to government. This net income finance private consumption and the

acquisition of bonds. The flow budget constraint is given by:

PtCt +
1

1 +Rt

Bt = WtNt +Dt + Bt−1 − Tt (1.3)

where Rt is the nominal interest rate prevailing in the economy and set by the

monetary authority. Households maximize (1.1) subject to (1.3) and the following

non-Ponzi condition:

limj→∞

(
1

(1 +Rt)

)j+1

Bt+j ≤ 0 (1.4)

The FOCs conditions with respect to Ct, Nt and Bt implies the following two equi-

librium conditions:

[Ct] and [Nt] :
Wt

Pt
= −UN(Ct, Nt)

UC(Ct, Nt)
(1.5a)

[Bt] :
1

(1 +Rt)
= βEt

{
Γt,t+1

(1 + πt+1)

}
(1.5b)

where βkΓt,t+k ≡ βk
(
ξt+k
ξt

)(
UC(Ct+k,Nt+k)

UC(Ct,Nt)

)
is the discount factor and πt = Pt/Pt−1−

1 the inflation rate.

5Indexing the intermediate-goods firms by z ∈ (0, 1) implies that Dt =
∫ 1

0
Dt(z)dz.
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1.3.2 Final-good Firms

The final-good firms operate under a competitive market, taking as given the price

of the final good (Pt) and the prices of inputs provided by the intermediate-goods

firms (Pt(z)). The technology is a CES over the continuum z ∈ [0, 1] inputs (Xt(z))

provided by intermediate-goods firms.

Yt =

[∫ 1

0

Xt(z)
θ−1
θ dz

] θ
θ−1

(1.6)

The maximization problem is the following:

max
Xt(z)

PtYt −
∫ 1

0

Pt(z)Xt(z)dz

s.t.: equation (1.6) is satisfied.

(1.7)

The FOC to this problem delivers the demand schedule for the firm z intermediate

good:

Xt(z) =

(
Pt(z)

Pt

)−θ
Yt (1.8)

The competitive market structure implies that the zero-profit condition is satisfied.

Then, this results in the following dynamic of the final good price:

Pt =

[∫ 1

0

Pt(z)1−θdz

] 1
1−θ

(1.9)

1.3.3 Intermediate-goods Firms

These firms operate in a monopolistic competitive market, offering heterogeneous

intermediate goods to the final-good firms. Under this market structure, they offer

any amount of inputs demanded by the final-good firms. A typical intermediate-

good firm demands labor (Nt(z)) and faces positive externalities due to the provision

of public capital (Kg
t ), that is provided without any additional charge. The input

choice comes with the solution of a minimization problem subject to the technology
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constraint.
min
Nt(z)

WtNt(z)

s.t.: Yt(z) = atF (Nt(z), Kg
t )

(1.10)

where at is a productivity factor assumed to be equal across firms z. This factor

evolves exogenously according to the following AR(1) process:

ln(at) = ρa ln(at−1) + εat , with εat
i.i.d.∼ N (0, σ2

a) (1.11)

Defining λt(z) as the Lagrange multiplier associated with the production technology

of firm z, the FOC is:

λt(z) =
Wt

atFN(Nt(z), Kg
t )

(1.12)

Then, λt(z) represents the nominal marginal cost of firm z. Since z ∈ (0, 1) faces

the same labor factor competitive market and share the same technology, under

constant return to scale (CRS) technology on private input, the nominal marginal

cost is the same across firms (λt(z) = λt,∀z). From now on, I will refer to the

nominal marginal cost with the notations (MCt(z)) and (MCt), instead of (λt(z))

and (λt).

Under this model setup, all the firms distribute profits to their owners by6:

Dt(z) =(1 + τ)Pt(z)Yt(z)−WtNt(z)− PtΞt(z)

=(1 + τ)Pt(z)Yt(z)−MCtYt(z)− PtΞt(z)
(1.13)

where τ = 1/(θ − 1) is a subsidy to intermediate-goods producers aimed to correct

monopolistic competition distortion in steady-state and Ξt(z) is a price adjustment-

cost paid by firm z, in terms of the real final good (see the next subsection).

Price Setting

The dynamic of price setting is assumed to be dictated by the presence of a price-

adjustment cost (Rotemberg, 1982). In resetting its price Pt(z) each period, an

intermediate-good firm z incurs in a quadratic adjustment cost, measured in terms

6The second equality comes under the assumption of CRS technology on labor.
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of the final good:

Ξt(z) =
ψ

2

(
Pt(z)

Pt−1(z)
− 1

)2

Yt (1.14)

where ψ > 0 measures the degree of importance of this source of inefficiency.

Under this setup to the price dynamics of the monopolistic competitive intermediate-

goods firms, the choice of Pt(z) involves the maximization of the real market value

in the whole time path, constrained on the intermediate good z demand schedule

(1.6) and the market-clearing condition (Xt(z) = Yt(z),∀z).

max
{Pt+k(z)}∞k=0

Et

{
∞∑
k=0

βkΓt,t+k
Dt+k(z)

Pt+k

}

s.t.: Yt+k(z) = Xt+k(z) =

(
Pt(z)

Pt+k

)−θ
Yt+k

(1.15)

The FOC condition associated with this problem is the following:

− θ
(
Pt(z)

Pt

)−θ(
Yt
Pt

)
+ θ

(
MCt
Pt

)(
Pt(z)

Pt

)−θ−1(
Yt
Pt

)
+

− ψ

{(
Pt(z)

Pt−1(z)
− 1

)(
Yt

Pt−1(z)

)
+ (1.16)

− βEt

[
Γt,t+1

(
Pt+1(z)

Pt(z)
− 1

)(
Pt+1(z)

Pt(z)

)(
Yt+1

Pt(z)

)]}
= 0

In equilibrium, intermediate-goods firms set the same prices (Pt(z) = Pt∀z) and

production (Yt(z) = Yt,∀z) levels. Defining the inflation rate as πt = Pt/Pt−1 − 1

and the real marginal cost as MCt/Pt, I can rewrite (1.16) as:

θ(mct − 1)− ψ

{
(1 + πt)πt+

(1.16’)

−βEt

[
Γt,t+1(1 + πt+1)πt+1

(
Yt+1

Yt

)]}
= 0

1.3.4 Government

The government in this model concerns fiscal and monetary authorities. The former

operates under a cap on real expenditure growth fiscal rule or a discretionary policy
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according to which public spending follows an output gap responding rule. Public

expenditures serve to different proposals, which are financed by a lump-sum tax

(Tt). In the absence of public debt, the budget constraint is balanced each period:

Gt + τYt = Gc
t +Gi

t + τYt =
Tt
Pt

(1.17)

Under the cap on real expenditure growth fiscal rule, total expenditures evolve

according to the following rule:

Gt =

(
1 + πt−1

1 + πt

)
Gt−1 (1.18)

Alternatively, following the output gap responding rule, public expenditures deviate

from their equilibrium values according to the output gap dynamics:(
Gj
t

Gj

)
=

(
∆tYt
Y

)ρ
Gj

, for j = c and i (1.19)

where ρj S 0 measures the sensibility of public consumption-goods and investment to

the output gap. A countercyclical fiscal rule concerning a kind of public expenditure

follows when ρj < 0. In turn, ρj > 0 characterizes a procyclical fiscal rule. The

case of ρj = 0 is what I will call a non-reactive fiscal policy when discussing the

simulations’ results.

Following whatever these rules constraints, the government plays with the allocation

of Gt between public consumption (Gc
t) and public investments (Gi

t), beyond that

necessary to eliminate monopolistic competition distortion in steady-state.

The law of motion of public capital follows assuming a convex adjustment cost

function S7:

Kg
t+T = (1− δ)Kg

t+T−1 +

(
1− S

(
Gi
t

Gi
t−1

))
Gi
t

where:

S

(
Gi
t

Gi
t−1

)
=
ω

2

(
1− Gi

t

Gi
t−1

)2

(1.20)

The presence of T >= 0 turns it possible to consider the time to build constraint

regarding the productivity of public capital (Kydland and Prescott, 1982; Bouakez

et al., 2017a).

7Specifically, S(1) = S′(1) = 0, which ensures no adjustment cost in case of zero variation on

public investment.

29



The role of monetary authority is to set the nominal interest rate prevailing in the

economy. I will investigate two possibilities. In the first one, the Central Bank

determines this policy optimally. In the other, the authority follows a simple Taylor

rule:

1 +Rt =
(1 + πt)

θπ

β
εRt (1.21)

where θπ > 1 (Taylor principle) and εRt is an exogenous AR(1) process monetary

shock:

ln(εRt ) = ρR ln(εRt−1) + εRt , with εRt
i.i.d.∼ N (0, σ2

R) (1.22)

1.3.5 Market Clearing and Resource Constraint

Under the representative agent setup, the risk-free bond is in zero net supply (Bt =

0). Also, the demand for labor by the intermediate-goods sector matches the labor

supply:

Nt =

∫ 1

0

Nt(z)dz = Nd
t (1.23)

The production of a differentiated good of a monopolistic competitive firm Yt(z)

matches the demand from the final-good firms (Xt(z)):

Xt(z) = Yt(z) (1.24)

To derive the resource constraint, I first aggregate the dividend equation, in real

terms, across firms:

Dt

Pt
=

∫ 1

0
Dt(z)dz

Pt

= (1 + τ)Yt

(
Pt(z)

Pt

)(1−θ)

− Wt

Pt
Nt −

∫ 1

0

Ξt(z)dz

(1.25)

In equilibrium, Pt(z) = Pt ∀z:

Dt

Pt
= (1 + τ)Yt −

Wt

Pt
Nt −

ψ

2
π2
t Yt (1.26)

The derivation of the economy feasibility constraint follows after the summation of

households and government budget constraints.

Ct +Gt + τYt =
Wt

Pt
Nt +

Dt

Pt
(1.27)
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Substituting (1.26) in (1.27) provides the identity between the aggregate demand

and the output of this economy, the latter adjusted by a price distortion term ∆t =

(1− ψ
2
π2
t ):

∆tYt = ∆tatF (Nt, K
g
t ) = Ct +Gt (1.28)

1.3.6 Competitive Equilibrium and Ramsey Problem

Definition 1: A Competitive Equilibrium to this economy, considering the stochas-

tic patterns of exogenous shocks {εξt , εat , εRt }
∞
t=0, the initial government indebtedness

B−1 and the initial stock of public capital Kg
−T , is characterized by a feasible allo-

cation {Ct, Nt, K
g
t }
∞
t=0, a price system {πt,Wt/Pt,mct}∞t=0 and a government policy

{τ, Tt/Pt, Gc
t , G

i
t−T , Rt}

∞
t=0

, such that: i) given the government policy and the price

system, the allocation solves the households’ and firms’ problems; and ii) given the

allocation and the price system, the government policy satisfies government budget

constraint.

Definition 2: Provided that the government has a commitment technology, the

Ramsey Problem solution to this economy are fiscal and monetary policies that

maximize the government objective function E0

∑∞
t=0 β

tξt

[
U
(
Ct, Nt

)
+V

(
Gc
t

)]
con-

strained to the private economy’s competitive equilibrium conditions.

1.4 Monetary and Fiscal Policies Environments

1.4.1 Benchmark Result

The benchmark model is the one at which the monetary policy is set optimally and

there is no constraint on the evolution of public expenditures, like those imposed

by equations (1.18) and (1.19). Given that the only distortion is the one coming

from price rigidity, once the monopolistic competition is eliminated by the subsidy τ

in the intermediate-goods sector, the monetary authority can replicate the flexible-

price result setting the nominal interest rate equal to its natural efficient level. In

the literature, this is called “divine coincidence” (Blanchard and Gaĺı, 2007), when

the policy can fully stabilize inflation and output gap every period (Bouakez et al.,

2017b).
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Solving for the first-best allocation gives the solution to this version of the model:

L(Ct, Nt, G
c
t , G

i
t,K

g
t+T , λ1,t, λ2,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+ V

(
Gc
t

)]
+

− λ1,t

[
Ct +Gc

t +Gi
t − atF (Nt, K

g
t )

]
+

− λ2,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− S
(

Gi
t

Gi
t−1

))
Gi
t

]} (1.29)

The FOCs follows:

[Ct] : ξtUC(Ct, Nt)− λ1,t = 0 (1.30a)

[Nt] : atFN(Nt, K
g
t ) +

UN(Ct, Nt)

UC(Ct, Nt)
= 0 (1.30b)

[Gc
t ] : VGc(G

c
t) = UC(Ct, Nt) (1.30c)

[Gi
t] : −λ1,t + λ2,t

[
1− ω

2

(
1− Gi

t

Gi
t−1

)2

+ ω

(
1− Gi

t

Gi
t−1

)(
Gi
t

Gi
t−1

)]
+

(1.30d)

− βEt
{
λ2,t+1ω

(
1−

Gi
t+1

Gi
t

)(
Gi
t+1

Gi
t

)2}
= 0

[Kt+T ] : −λ2,t + β(1− δ)Et
{
λ2,t+1

}
+

(1.30e)

+ βTEt

{
λ1,t+Tat+TFK(Nt+T , K

g
t+T )

}
= 0

[λ1,t] : atF (Nt, K
g
t ) = Ct +Gc

t +Gi
t (1.30f)

[λ2,t] : Kg
t+T = (1− δ)Kg

t+T−1 +

(
1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t (1.30g)

1.4.2 Optimal Monetary and Fiscal Policies under the Cap

on Real Expenditure Growth Constraint

The problem of the Ramsey planner is to find optimal allocations constrained to the

competitive equilibrium conditions, including the cap on real expenditure growth.
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To this goal, the Lagrangian problem is the following:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )
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(1.31)

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]
+

− λ5,t

[(
1 + πt−1

1 + πt

)(
Gc
t−1 +Gi

t−1
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+ τ

((
1 + πt−1

1 + πt

)
at−1F (Nt−1, K

g
t−1)+

− atF (Nt, K
g
t )

)
−Gc

t −Gi
t

]}

1.4.3 Sub-optimal Monetary Policy and Optimal Fiscal Pol-

icy under the Cap on Real Expenditure Growth Con-

straint

The problem is the same as that established at (1.31), except that now I am con-

straining the set of actions the monetary authority can implement. Instead of setting

the interest rate optimally, the Central Bank now set Rt following the Taylor rule

(1.21). Thus, the Ramsey Planner solves the following problem:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
−

(...) (1.32)

− λ6,t

[
(1 + πt)

θπ

β
εRt − 1−Rt

]}
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1.4.4 Optimal Monetary and Fiscal Policies under the Out-

put Gap Responding Fiscal Rule

The Ramsey problem is similar to that established in (1.31), except that the fiscal

rule now follows the output gap responding rule. The relevant Lagrangian is:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t, λ6,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

(1.33)

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )

)]
+

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]
+

− λ5,t

[
Gc

(
∆tYt
Y

)ρGc

−Gc
t

]
+

− λ6,t

[
Gi

(
∆tYt
Y

)ρGi

−Gi
t

]}

1.4.5 Sub-optimal Monetary Policy and Optimal Fiscal Pol-

icy under the Output Gap Responding Fiscal Rule

The Ramsey Planner problem differs from (1.33) only by including one additional

constraint, the Taylor rule, that discipline the way the monetary policy is conducted:

L(Ct, Nt, πt,Rt, λ1,t, λ2,t, λ3,t, λ4,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
−

(...) (1.34)
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− λ7,t

[
(1 + πt)

θπ

β
εRt − 1−Rt

]}

1.5 Quantitative Exercise

This section aims to develop a quantitative exercise to assess public expenditures

composition dynamics in response to a demand shock under distinct fiscal rules.

I analyze both the private equilibria economies and Ramsey problems that mix

monetary and fiscal policies environments.

1.5.1 Calibration and Estimation Approach

As in Bouakez et al. (2017b), I assume that the representative household’s utility

function (and of the benevolent government) is additively separable in time and

follows a Cobb-Douglas in consumption and labor. Otherwise, the momentary utility

function is separable on public consumption goods.

U(Ct, Nt, G
c
t) =

(
Cγ
t (1−Nt)

1−γ)1−σ

1− σ
+ χ

G
c 1−σg
t

1− σg
(1.35)

where σ, σg and χ are positive8 and γ ∈ (0, 1]. The parameter σ measures the

(constant) relative risk aversion for the mix of private consumption and leisure,

while γ captures their relative importance. Regarding σg, it is the counterpart of σ,

but for the public consumption good. The role of χ is to capture the relevance of

public consumption goods in household’s utility.

Concerning the intermediate-goods production function, I assume a CRS in private

input (labor) that benefits from the public capital provision’s externality:

Yt(z) = atNt(z)Kg b
t (1.36)

On the topside of Table 1.1, I replicate the parametrization presented in Table 1 of

Bouakez et al. (2017b), to which I refer for further calibration details. These values

align with international DSGE literature and are inside admissible parameters’ re-

gions to study the Brazilian economy (Vereda and Cavalcanti, 2010; Carvalho and

Valli, 2011; Cavalcanti and Vereda, 2011; Mussolini and Teles, 2012).

8The case σ = 1 degenerates to the time and arguments separable utility function.
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The downside includes parameters not presented in Bouakez et al. (2017b) model

setup. They are related to the output gap fiscal rule parameters that measure the

sensibility of public consumption and investment to the output gap. I calibrate these

parameters such that the elasticities match their historical levels of 0.25 and 3.00,

respectively. These values are consistent with a public budget characterized by a

high percentage of mandatory expenditures, leaving investment expenditure highly

susceptible to adjustments in the business cycle. In the welfare results (see next

section), I perform a sensibility analysis to explore alternatives couple of elasticities,

showing the importance of reforms that enhance the government’s capability to

implement a countercyclical fiscal policy. I am not showing parameters related to

productivity and monetary shocks, as I am not concerned with shocks in these

variables9.

Table 1.1: Parameters calibration

Discount factor β = 0.99

Relative risk aversion: C and (1−N) σ = 2

Relative risk aversion Gct σg = 2

Relative weight of C and (1−N) γ = 0.29

Relative importance of Gct χ = 0.054

Elasticity of output w.r.t. Kg
t b = 0.08

Elasticity of substitution between intermediate goods θ = 6

Time-to-build delay T = 16

Price-adjustment-cost parameter ψ = 200

Depreciation rate of public capital δ = 0.02

Investment adjustment-cost parameter ω = 2.5

Steady-state ratio g ≡ (Gc +Gi)/Y g = 0.2

Autocorrelation of the preference shock ρ = 0.9

Sensibility of Rt to inflation θπ = 1.5

Output gap fiscal rule parameter to public consumption ρGc = 0.25

Output gap fiscal rule parameter to public investment ρGi = 3.00

The estimation approach assumes the economy is in the steady-state when a pref-

erence shock hits the system of nonlinear equations. Furthermore, as standard in

this literature (Smets and Wouters, 2003; Christiano et al., 2011), I assume agents

have perfect foresight over the simulation horizon, which means the system does not

challenge any shock in the future, converging to a steady-state in the long run.

9It is the same to assume that the productivity and monetary shocks have null variation and

always keep in their unitary equilibria values.
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1.5.2 Dynamic response to a demand shock

1.5.2.1 First-Best and Private Equilibria Environments

A preference shock hits the economy initially in the steady-state equilibrium. Figure

1.3 plots the response of three possible private equilibria environments. The blue line

represents an economy where the fiscal policy does not react to the shock through

public expenditures changes. Thus the share of public investment is kept constant

during the role period at which the economy fluctuates before returning to the

steady-state equilibrium. The black and red lines represent the private equilibria

when fiscal policy functions obey, respectively, a cap on real expenditure growth rule

and a discretionary policy according to which public spending follows an output gap

responding rule. The green line shows the result attainable when a central planner

implements the first-best allocation and serves as a reference for comparisons. The

size of the shock is such that under a non-reactive fiscal policy, the GDP decreases

exactly one percent below its steady-state level.

Public expenditures stay at their equilibria level and no change in composition

proceeds when fiscal policy is non-reactive. Deflation and a reduction in the nominal

interest rate follow. Real marginal cost (and real wage) shrinks as labor demand

reduces, impacting the hours devoted to the labor market. Private consumption

reduces by 1.0% on impact (by the construction of the preference shock). The GDP

gap is negative for an extended period, converging from below to steady-state as

the monetary policy responds to the inflation dynamics. The public sector’s share

in the economy still increases under this non-reactive fiscal policy, about 1.02% on

impact, which is also the peak of this share.

When fiscal policy follows a cap on real expenditure rule, as inflation stays below

its steady-state level, public consumption and investment respond countercyclically,

increasing on impact 0.07% and 0.02% of equilibrium output. As a result, the pub-

lic sector share in the economy increases by 1.41%. Due to this reaction of public

expenditures, the GDP decrease is less pronounced than in a non-reactive fiscal pol-

icy environment, and the demand for workers will be less affected. Even working

more, private consumption on impact is below the case of a non-reactive fiscal policy,

characterizing the crowding-out effect of public spending. That case of a lower pri-

vate consumption under the cap fiscal policy reverts from T > 16, when the public

investment starts affecting public capital accumulation and increase production ca-
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pacity. At this point, 80% of the public expenditures’ initial expansion was reverted.
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Figure 1.3: Response to a preference shock: first-best and private equilibria

The case of a discretionary procyclical fiscal policy that responds to the output gap

also fails in avoiding the transmission of a preference shock to the economic activity.

The GDP decrease under this environment is about 17.0% higher than that of a

non-reactive fiscal policy. The amount of public expenditures decreases by 0.2% of

equilibrium output on impact, with public investment responding by almost 80% of

that contraction, implying a decrease in its share on public expenditures. Thus, the

contractionary fiscal policy persists for an extended period, as is the case of economic

activity. Regarding the share of the public sector in the economy, given that the

relative decrease in public expenditures is lower than that of private consumption, it

still observes a tiny increase of about 0.15% of steady-state output. In contrast to the

cap rule, the output gap responding policy allows a crowding-in effect lasting about

the first four years of the recession. Even working less than in a non-reactive fiscal

policy, private consumption accumulates a lower relative loss in the first thirteen

quarters, close to 0.30% percent of equilibrium output.
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As a critical concern of this study is about optimal monetary and fiscal policies under

distinct fiscal rules environments, the first-best allocation appears in Figure 1.3 to

serve as a reference. The preference shock induces an intertemporal reallocation of

households’ consumption, increasing current savings to obtain more private goods in

the future. It is possible due to the accumulation of physical public capital, in this

model delayed by T = 16 periods, that widen producing capacity over time. The

efficient policy points to a desirable huge increase in public investment in the face

of that shock. The on impact increase is 0.18%, peaking 0.50% one and a half years

after the shock. Public consumption follows a similar path to that of the private

one, which aligns with the Samuelson optimality condition (see equation 1.30c).

The impact on the economic activity of an efficient response to the shock succeeds to

be positive, increasing in annual terms 0.50% on impact and reaching 1.35% after one

and a half years, converging to the steady-state from above. Households work more

at the beginning, even consuming less compared to the equilibrium allocation. The

payback comes after period t > 16, when the optimal policy implies a consumption

above the steady-state a long period before the shock’s complete dissipation.

From the results, I can explore some implications concerning the first-best and

the private equilibria environments. First, a change in the composition of public

expenditure, in favor of an increase in public investment share, follows when an

efficient response to the shock is attainable (see Figure 1.4). This change lasts up

to five years after the shock.

In equilibrium, public investment responds by 22,86% of government expenditures.

When an efficient response is attainable, this share peaks at 24.76% one and a half

years after experiencing the shock. Before the shock’s complete dissipation, the

share of public investment experiences a level below its equilibrium. In the opposite

direction, the output gap responding rule predicts a decrease of 2.47% on the share

of investment in total public spending. A level below the steady-state persists for

an extended period until the whole shock’s dissipation. I should note that the result

of the output gap responding rule is very dependent on the sensitivity parameters

ρj, here calibrated to match with Brazilian historical data. Finally, by assumption,

under the cap on real expenditure growth and the non-reactive rules, no changes in

the composition dynamics should be observed in the decentralized economy10.

10Under the cap on real expenditure growth fiscal rule in the decentralized economy, I assume

that the share of public investment on total public spending is constant, with this total amount

varying according to the cap rule.
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Second, in terms of the fiscal expansion’s size following the shock, the first-best

policy accounts for a cumulative impact of 3.41% of equilibrium output, with public

investment responding for 88.64% of that expansion. The cap on expenditure growth

policy shows a modest expansion, 0.96% of equilibrium output, with the public

investment responding with its exactly steady-state share on this expansion. While

spending response is nil by definition under the non-reactive fiscal policy, the case of

the procyclical output gap responding rule reveals a contraction of 2.76% in terms

of steady-state output, from which public investment is responsible by 77.9% of

spending cuts.

Third, similarly to the definition in Bouakez et al. (2017b), I will define stimulus

spending as the difference between the public spending level under private (or Ram-

sey optimal solution, like will be the case ahead) equilibrium and that prevailing

under the first-best economy. So then, a stimulus refers to deviations from the level

that would prevail under a full-flexible price economy.

Figure 1.4 shows that public consumption stimulus spending is positive about five

years under the cap on real expenditure and the non-reactive rules. After this period,

it becomes negative up to the complete dissipation of the shock. The stimulus

spending under the cap rule peaks at 0.08% of equilibrium output on impact and

reaches 0.36% in cumulative terms. The non-reactive fiscal policy response is almost

null on impact and accumulates a negative stimulus (-0.39%). Under the output gap

responding rule, public consumption stimulus is negative over the years, except a tiny

stimulus period during the 7th and 11th quarters, accumulating 1.0% of equilibrium

output.

Concerning public investment, the stimulus spending component of the fiscal expan-

sion is not that relevant. During the first five years, the stimulus is negative, with

modest positive numbers before the shock’s dissipation. In cumulative terms, none of

the fiscal policy rules support public investment for stimulus purposes. The output

gap responding rule accumulates a level of spending 5.17% (in terms of equilibrium

output) below the one that would prevail under the fully-flexible price equilibrium.

As for the non-reactive and cap rules, these numbers are, respectively, 3.02% and

2.80%.
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Figure 1.4: Public Expenditure Composition and Stimulus Spending

Summing up the results to the total public expenditures, all the fiscal rules studied

in this work show pronounced negative stimulus numbers. Beyond that, this portrait

grounds most intensively on the poor role of investment-type spending, which goes in

the opposite direction to the efficient response. The most noticeable picture prevails

under the output gap responding rule, to which negative stimulus amounts to 6.17%

of equilibrium output. The non-reactive policy and the cap rule sum negative stimuli

of 2.44% and 3.41%, respectively.

1.5.2.2 Ramsey Problems Mixing Monetary and Fiscal Policies

1.5.2.2.1 Optimal Monetary and Fiscal Policies under the Cap on Real

Expenditures

In the absence of a cap on real expenditures, and considering that the zero lower

bound is not a concern in this study, the Ramsey planner would succeed in replicating

the efficient allocation. It is the case because the government would eliminate the

monopolistic competition distortion with the subsidy τ . When implementing an

41



optimal monetary policy, the government would have sufficient instruments to avoid

inflation deviations from the steady-state. Nevertheless, the presence of a cap on

real expenditure brings inefficiency to the economy.

The monetary authority nominal interest rate response stays above the natural in-

terest rate during the first and a half years, contributing to a tiny deflation that lasts

about two years. The initial impact of the shock in the intertemporal allocation of

consumption is lower than that of the efficient policy during the first four and a half

years, potentially benefiting from the interest rate policy. Even a tinny deflation

induces the government to implement an active fiscal policy, with the prevalence of

public investment. As the Samuelson condition is not valid under this environment,

the government can still reduce public consumption more than the efficient response.

However, there is not much appeal to an increase in public investment, as is the case

under the first-best allocation.
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Figure 1.5: Response to a preference shock: Optimal monetary and fiscal policies

under the cap
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Total public spending shows a tiny deviation as a share of equilibrium output, about

0.01%, while the first-best response points to an increase of 0.16% in public spending.

Then, the Ramsey planner policy entails an almost complete reallocation of public

spending, from consumption to investment.

Even constrained to implement an efficient response to the preference shock, public

spending reallocation allows the Ramsey policy to succeed in avoiding large devia-

tions from steady-state to the whole set of economic variables except the nominal

interest rate.

1.5.2.2.2 Sub-optimal Monetary Policy and Optimal Fiscal Policy under

the Cap on Real Expenditures

As a consequence of the preference shock, it follows a huge decrease in consumption,

marginally higher than that observed under the private equilibrium environment

under the cap (1.13% against 1.02%). A sub-optimal monetary policy implies a

nominal interest rate below the one implied by an efficient response, one consequence

of a deflationary economy.

Public consumption on impact is positive, 0.04% of equilibrium output, an opposite

sign to the efficient response and the optimal monetary and fiscal policies under

the cap. The second quarter to the second and a half years show a decrease more

pronounced than that of the first-best response. Regarding public investment, dur-

ing the first and a half years, it stays above the efficient response, but the ceiling

point happens at the end of the first year, two quarters before the peak of the

efficient response. It stays marginally lower than the efficient response from the

seventh quarter on, and before a complete convergence to steady-state, it eventually

becomes higher.

Under this policy mix, the Ramsey plan response implies a crowding-out effect that

lasts for almost five years, with the share of public expenditures increasing 2.37% on

impact, representing the peak of that share. GDP follows the private equilibrium

environments closely during the first nine quarters. As a result of the increase in the

production capacity due to public investment, the economy registers a GDP higher

than the equilibrium for at least five years in the medium term, with consumers

working less than the equilibrium while consuming more.
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Figure 1.6: Response to a preference shock: sub-optimal monetary policy and opti-

mal fiscal policy under the cap

1.5.2.2.3 Ramsey Composition and Stimulus Spending under the Cap

on Real Expenditures

In the two mixes of monetary and fiscal policies studied above, the composition of

public spending changed in favor of public investment. That change persists about

five years, experimenting with the share of public investment below the equilibrium

before the shock’s complete dissipation. It is lower in the mix of optimal monetary

and fiscal policies under the cap. In this mix, this share increases to 23.31% on

impact and peaks 23.68% at the end of the first year. The mix of sub-optimal

monetary policy and optimal fiscal policy shows that the weight on public investment

should be more pronounced, reaching 23.84% on impact and peaking 25.26% in the

fifth quarter. The efficient response is between those mixes, pointing to an on impact

increase of 23.54% and a peak of 24.76% one and a half years after the shock. The
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equilibrium level of this share, as mentioned before, is 22.86%.

While the mix of optimal monetary and fiscal policies recommends a contractionary

fiscal policy amounting to 0.26% of equilibrium output, the mix of sub-optimal mon-

etary policy and optimal fiscal policy prescribes an expansionary one that reaches

2.15%. In the former, public investment increases 1.24%, while consumption reduces

1.50%, then characterizing the relevance of public resources’ reallocation under this

mix. Under the Taylor rule, public consumption shrinks 1.30%, and public invest-

ment increases 3.45% of equilibrium output.

Figure 1.7 shows that when monetary policy is set optimally, public consumption

stimulus does not cross to the positive side, accumulating a negative stimulus of

1.89% of steady-state output. In the case monetary policy follows a Taylor rule,

cumulative stimulus spending is negative (1.69%), but there is space for stimulus

spending before the shock’s complete dissipation. That the Ramsey optimal solu-

tions ask for a strong contractionary policy during the first five years dominates the

total effect.

In the two Ramsey mixes of monetary and fiscal policies, there is a place for pe-

riods of positive stimulus spending regarding public investment. However, when

monetary policy is set optimally, the contractionary investment decisions over the

first five years preponderates, implying, in cumulative terms, a negative stimulus of

1.78% of equilibrium output. Following a Taylor rule, investment spending stimulus

accumulates a positive stimulus (0.43%), showing that the higher output gap com-

pared to when the monetary policy is optimal asks for a prominent role of public

investment in addressing the preference shock.

Summing up, stimulus spending results for total public expenditure show that both

Ramsey mixes of policies present negative numbers in cumulative terms, even with

periods when a stronger fiscal policy response is recommended compared to the effi-

cient policy. The mix of optimal monetary and fiscal policies accumulates -3.67% of

equilibrium output, and the results show that it can eventually increase investment

above the prescribed by the efficient response. In turn, for the Ramsey policy mix

of a Taylor rule and optimal fiscal policy, the negative stimulus spending is 1.26%.

However, here both public consumption and investment can eventually surpass the

full-flexible price allocations, especially investment.
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Figure 1.7: Public Expenditure Composition and Stimulus Spending: Ramsey policy

under the cap

1.5.2.2.4 Optimal Monetary and Fiscal Policies under the Output Gap

Responding Fiscal Rule

The output gap responding fiscal policy also represents a source of inefficiency in

the economy, as the cap on real expenditure growth rule. In both cases, the Ramsey

planner could not fully implement the first-best solution, even having the possibility

to set the monetary policy optimally. Figure 1.8 shows that, in general, similar to

the case of the mix of optimal monetary and fiscal policies under the cap rule, the

deviations relative to the equilibrium values of the economic variables are lower than

those of the efficient policy, excepting the nominal interest rate.

Contrary to the results so far, the initial impact on consumption is positive. It

persists up to the 7th quarter following the shock, accumulating over-consumption

of 0.40% of equilibrium output. Public expenditures scaled up in the same direction

as private consumption, but its response is tiny and accumulates about 0.09% of

steady-state output during the first six quarters following the shock. About 80% of
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public spending response is due to public investment, giving the higher sensibility

of its parameter to the output gap.
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Figure 1.8: Response to a preference shock: Optimal monetary and fiscal policies

under the output gap rule

The economic activity on impact stays 0.16% above the equilibrium level, exceeding

about 30.54% the increase attained by the first-best response. After that peak, it

follows a convergence path to equilibrium, with deviations being close to zero along

the second year.

During the first three quarters, the monetary policy response following the shock is

lower than the natural rate due to an inflationary transition that lasts about one

year. This inflation dynamics reflects the positive response of private consumption.

The interest rate registers a transitional period below the natural rate, and inflation

shows a tiny negative gap relative to its equilibrium before the shock’s complete

dissipation. As a consequence of the positive portrait in the economic activity, hours
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of work respond positively (0.16% on impact) and persists seven quarters following

the shock, after which it registers a tiny negative deviation from equilibrium. Real

marginal cost increases on impact 0.24%, in similar dynamics as that of the hours

of work.

1.5.2.2.5 Sub-optimal Monetary Policy and Optimal Fiscal Policy under

the Output Gap Responding Fiscal Rule

Now the Ramsey Planner set the monetary policy according to a Taylor rule. The

fiscal policy is set optimally following the output gap responding rule. From the

FOCs derived in Appendix E.2, I can prove the following proposition.

Proposition: Consider an economy well described by the New-Keynesian model

settled up in section 1.3. Suppose the fiscal authority follows a discretionary policy

according to which public spending responds to the output gap (equation 1.19), and

the monetary authority sets interest rate following a Taylor rule that responds to

inflation deviation from its equilibrium (equation 1.21). Then the Ramsey problem

responses to a preference shock coincide with those of the decentralized economy.

Proof: The private equilibrium economy has a closed solution because the number

of equilibrium equations (1.5b, 1.16′, 1.19 for Gc
t and Gi

t, 1.20, 1.21, 1.28) equals the

number of unknowns variables (Ct, Nt, G
c
t , G

i
t, K

g
t+T , πt, Rt). Once Blanchard-Kahn

(Blanchard and Kahn, 1980) condition for uniqueness is satisfied, the solution to

the Ramsey problem is the same as that of the private equilibrium.

1.5.2.2.6 Ramsey Composition and Stimulus Spending under the Out-

put Gap Responding Fiscal Rule

The baseline parametrization of the output gap responding rule fixes a higher degree

of sensibility to public investment (elasticity 3) than public consumption (0.25).

The implication is that the Ramsey solution to the mix of sub-optimal monetary

policy and optimal fiscal policy under the output gap rule, which coincides with the

decentralized economy equilibrium, is grounded on adjustments in the investment

level. I refer to section 1.5.2.1, which discusses the decentralized economy dynamic

after challenging a preference shock. Summarily, the share of public investment

reduces on impact by 2.47% and stays below the equilibrium up to the shock’s

dissipation. As a result, the contraction on the total public spending reaches 2.76%

of the equilibrium output, with 77.9% due to investment cuts.
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When the monetary policy is set optimally, the optimal solution predicts a tiny

increase in the public investment share that lasts about eight quarters following

the shock. Fiscal expansion sums to 0.10% of steady-state output, with investment

accounting for almost 80% of that public resources.
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Figure 1.9: Public Expenditure Composition and Stimulus Spending: Ramsey policy

under the output gap rule

Concerning stimulus spending, one can see that both consumption and investment

have moments of positive stimuli. In being optimal monetary policy attainable,

just after the shock follows about four years of tiny positive public consumption

stimulus spending. Then, a negative stimulus appears up to the convergence to the

equilibrium. In turn, in general, public investment shows a negative stimulus that

lasts until the third quarter of the fifth year. A period of positive stimulus follows

before the shock’s dissipation. Even with public investment increasing its share in

spending composition, it is clearly below the one prescribed under the full-flexible

price economy. When monetary policy is set sub-optimally, public consumption

situates below the efficient full-flexible price equilibrium almost all the time, except

a tiny positive stimulus between the seventh quarter and the end of the third year.

The investment stimulus spending behavior is similar to the case monetary policy

is set optimally, with a tiny higher negative stimulus until the third quarter of the

fifth year and a lower positive stimulus after that period.
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In cumulative terms, when the monetary authority follows a Taylor rule, the Ramsey

optimal policy predicts a government negative spending stimulus of 6.17% of equi-

librium output, most of which (about 84%) due to a response of public investment in

the opposite direction to the first-best policy. Whether the monetary authority sets

interest rate optimally, spending stimulus is still negative, by 3.31% of equilibrium

output. The picture is similar to the case the authority follows a Taylor rule, with

investment responding by 89% of that number.

1.6 Welfare Analysis

This section explores the welfare gains associated with the efficient solution’s attain-

ability against the private equilibrium and the Ramsey optimal policies explored in

the previous section. I follow the Bouakez et al. (2017b) approach, widely used

in the literature, and compute the compensating variation in private consumption

under an alternative economic environment targeting households as satisfied as to

the consumption attainable when the first-best solution is implementable. Table 1.2

summarizes the results.

One can note that, among the economic environments studied in this chapter, the

highest welfare gain of the first-best policy is obtained against the private equilibrium

environment (and the Ramsey solution to the mix of sub-optimal monetary policy

and optimal fiscal policy) under the output gap responding rule. This gain is around

13.48% higher than that of the private equilibrium under a non-reactive fiscal policy

rule. Compared to the private equilibrium under the cap on real expenditure growth

rule, this gain is 17.71% higher. These numbers have implications for choosing a

fiscal rule when the policymaker also weighs the impact on households’ welfare to

decide among alternative policies.

Still, the Ramsey solution to the mix of optimal monetary and fiscal policies under

the cap delivers the lowest welfare loss compared to the efficient solution in terms

of welfare. This loss is 34.39% lower than the one of the Ramsey solution to the

mix of optimal monetary and fiscal policies under the output gap responding rule.

These results imply that the output gap responding rule represents a more relevant

inefficiency source when the planner can optimally set monetary policy.

The picture is similar when monetary policy is set sub-optimally. Whether the

fiscal authority follows the cap on real expenditure growth rule, the Ramsey solution
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imposes a welfare loss of 34.41% lower than the Ramsey solution whether the fiscal

policy obeys an output gap rule. Compared to the decentralized economy solution

when fiscal authority follows the cap rule, the Ramsey solution represents a welfare

loss of 22.80% lower.

Table 1.2: Welfare Results

Model First-Best Gain

Decentralized equilibrium under the non-reactive fiscal rule 0.0155

Decentralized equilibrium under the cap on real

expenditure growth
0.0150

Decentralized equilibrium under the output gap responding rule 0.0176

Ramsey mixing optimal monetary and fiscal policies

under the cap rule
0.0004

Ramsey mixing sub-optimal monetary policy

and optimal fiscal policy under the cap rule
0.0116

Ramsey mixing optimal monetary and fiscal policies

under the output gap responding rule
0.0006

Ramsey mixing sub-optimal monetary policy and optimal

fiscal policy under the output gap responding rule
0.0176

The result that the private equilibrium at which the monetary authority sets nominal

interest rate according to a Taylor rule and the fiscal policy follows an output gap

responding rule coincides with the Ramsey solution seems very attractive from a

policymaker perspective. It is so because it conciliates a simple and understandable

fiscal rule with an optimal policy rule.

Then, it is worth evaluating the possibility of reducing its associated relative welfare

loss. I perform a sensibility analysis on the output gap responding rule parameters

ρj to investigate the behavior of this welfare loss compared to the efficient (first-

best) allocation. To this aim, I implement a grid search on the welfare gain varying

the domain of the ρj parameters such that: (ρGi , ρGc) = R2\{(ρGi , ρGc) : ρGi ∈
[−5, 5]; and ρGc ∈ [−3, 3]}. These ranges are sufficiently wide to cover admissible

elasticities to public consumption and investment.

Figure 1.10 shows the simulation results over the decentralized economy at which the

monetary authority follows a Taylor rule and the fiscal authority pursues an output

gap responding rule. Again, this decentralized economy presents an equilibrium

that coincides with the optimal Ramsey policy mixing sub-optimal monetary policy

and optimal fiscal policy under the output gap rule. I highlight three points in this

figure.
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The ”baseline calibration” one corresponds to the pair of parameters [ρGi , ρGc ] used

to perform the results presented so far. They coincide with historical evidence on

Brazilian data and are consistent with a procyclical public spending policy.
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Figure 1.10: Welfare Gain: sensibility ρGc and ρGi - Decentralized Economy under

the output gap rule

The point ”minimum welfare gain” is the one that minimizes the welfare loss against

the first-best allocation (equal to 0.0130). The relation is clear: the welfare loss is

inversely proportional to a countercyclical fiscal policy, at least to the range of

parameters ρj considered in this simulation. It does not mean this relationship is

true to whatever set of parameters ρj associated with that countercyclical policy.

Here I limit the range of the simulation to cover even more than what would be

reasonable to expect whether a government has sufficient capability to challenge

output gap deviations from equilibrium. Note that even though the range is quite

wide to capture parameters that would cover a high degree of countercyclical fiscal

policy, the results do not generate a welfare loss lower than that attainable under

the Ramsey mix of sub-optimal monetary policy and optimal fiscal policy under the

cap rule (equal to 0.0116 according to table 1.2).

The point ”A” represents the maximum welfare loss (under the output gap rule )

lower than the decentralized economy’s welfare loss under the cap on expenditure

growth rule. It means, ceteris paribus. that the decentralized economy (or Ramsey
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mix) with sub-optimal monetary policy and output gap fiscal rule instrumentalized

with countercyclical pair of parameters [ρGi , ρGc ] = [−0.4,−0.6] would allow a level

of welfare loss lower than that attainable by the decentralized economy operating

the cap rule.

Next, I perform the same analysis for the Ramsey mix of optimal monetary and

fiscal policies under the output gap responding rule. The aim is to check whether

it is possible to get a pair of parameters [ρGi , ρGc ] to which the optimal solution is

superior to the one attainable with the same mix of Ramsey policies but under the

cap on real expenditure growth rule. Figure 1.11 summarizes the results.
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Figure 1.11: Welfare Gain: sensibility ρGc and ρGi - Optimal Monetary and Fiscal

Policies under the output gap rule

I highlight two points in this figure. The first one is the baseline parameters ρj. The

other is the ”minimum welfare gain,” which gives the minimum loss compared to the

first-best welfare allocation. And here, this point corresponds to [ρGi , ρGc ] = [5, 1.5].

Some comments on this result. First, it is not the case that the sensibility parameters

ρj necessarily need to converge to higher negative numbers to deliver a lower welfare

loss. Second, when monetary and fiscal policies under the output gap rule are

optima, the Ramsey solution’s welfare results show a non-linearity concerning that

pair of sensibility parameters. Third, this Ramsey mix does not generate a welfare

loss inferior to that attainable under the Ramsey mix of optimal monetary and
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fiscal policies under the cap, considering the domain I simulate the combination of

sensibility parameters.

These simulations allow me to argue that it is not possible to ensure that, in general,

to pursue a countercyclical spending policy necessarily results in welfare gains. While

this seems to be the case to the mix of sub-optimal monetary and optimal fiscal

policy under the output gap responding rule, it can still generate worse welfare

results when optimal (Ramsey) monetary and fiscal policies are attainable. These

results are in line with the Sims and Wolf (2018) findings that do not prescribe the

adoption of a countercyclical spending policy as a general rule.

1.7 Final Remarks

In this work, I extended the small-scale New-Keynesian model of Bouakez et al.

(2017b). However, unlike them, I abstracted from the liquidity trap under a deep

recession. The focus of this work was on the assessment of public spending com-

position dynamics under distinct fiscal rules. My motivation was the adoption of a

cap on real expenditure growth fiscal rule in Brazil in 2016. Beyond the cap rule, I

explore a non-reactive rule and an output gap responding rule.

First, I explored the decentralized equilibria environments mixing that different

fiscal rules with a monetary authority following a Taylor rule to sustain decisions on

the establishment of nominal interest rates. Second, I worked on Ramsey solutions

mixing optimal or sub-optimal monetary policy and optimal fiscal policy under the

cap and the output gap responding rules. Finally, I assessed welfare results and

performed simulations to a range of sensibility parameters of public consumption

and investment in the output gap responding rule.

Concerning the cyclical behavior, while the cap rule features a countercyclical spend-

ing rule, the output gap responding policy depends on public expenditures’ sensibil-

ity parameters. My baseline calibration for Brazil for the latter rule suggests that

a procyclical spending policy matches the historical data. This characteristic de-

termines the response of fiscal policy after a preference shock hitting the economy.

Under the cap, the on impact economic activity’s response is almost 21% lower than

under the output gap responding policy. In terms of fiscal expansion following the

shock, the picture for the three private equilibria environments studied shows that
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only the cap rule prescripts an expansionary policy, but less than 30% of the one

suggested by the efficient policy. Notwithstanding, regarding stimulus spending,

defined as the expansion beyond that under the efficient full-flexible price economy,

the results show that even under the cap rule, it is both negative and grounded on

a poor role of public investment as an instrument to challenge the shock.

The Ramsey solutions to the mix of optimal or sub-optimal monetary policy and op-

timal fiscal policy under the cap point that, when monetary policy follows a Taylor

rule, the response of public investment is more pronounced than when the monetary

authority sets the nominal interest rate optimally. In the latter, public investment

accumulates a negative stimulus spending of 1.78% of equilibrium output, while in

the former, it is positive (0.43%). These results suggest that the higher output

gap the government challenges, when constrained to implement optimal monetary

policy, opens space to public investment to address the preference shock more effec-

tively. Total public spending stimulus is negative whatever the monetary policy is

set optimally or not. That means the increase in public investment is attainable by

reallocating public spending.

Regarding the Ramsey problems under the output gap responding rule, I showed

that the Ramsey solution when the monetary authority follows a Taylor rule coin-

cides with the decentralized economy counterpart. The results reveal that the role of

public investment is tiny when monetary policy is set optimally and contractionary

when a Taylor rule dictates the establishment of the nominal interest rate. Compar-

ing to the full-flexible price economy response, it is the case that stimulus spending

is negative whatever the setup of monetary policy and that about 80% comes from

the investment-type public expenditure.

The welfare analysis suggests that the first-best allocation obtains a higher welfare

gain against the private equilibrium under the output gap responding rule, which

coincides with the Ramsey solution to the mix of sub-optimal monetary policy and

optimal fiscal policy. Among the cases studied here, the lower welfare loss is attain-

able when the monetary and fiscal policies are set optimally under the cap on real

expenditure rule.

By performing some simulations, I found that it is possible to variate the sensibil-

ity parameters of the output gap responding rule under the decentralized economy

(identical to the mix of sub-optimal monetary policy and optimal fiscal policy) and

get a welfare loss lower than that under the private equilibrium under the cap on real

expenditure rule. To this end, the sensibility parameters need to respond counter-
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cyclically to the output gap. However, simulations do not support extending that

finding to the Ramsey solution mixing sub-optimal monetary policy and optimal

fiscal policy under the cap.

In another simulation, I performed the same exercise to verify whether I could

support a similar conclusion when comparing the Ramsey solution to the mix of

optimal monetary and fiscal policies under the output gap responding rule against

the same mix of policies under the cap rule. I could not find a pair of sensibility

parameters to the output gap rule, on a reasonable range, that supports a welfare

loss lower than that obtained to the Ramsey problem with the cap rule. Beyond that,

I found that I can reduce the welfare loss under the output gap (against its baseline

calibration), even increasing the sensibility parameters’ procyclicality feature. It

suggests that a countercyclical spending rule can not be a general prescription as a

policy instrument.

For future research, I highlight the relevance of a more complex setup of the fis-

cal instance financing side (debt, distortionary taxation), an aspect commented in

Bouakez et al. (2017b). Specifically, to assess distinct fiscal rules, I mention the

importance of studying the transition dynamics when a government promotes a fis-

cal consolidation by the spending side, contrasting with a consolidation invoking an

increase in taxation. I also leave for future research policy responses to other kinds

of shocks, like productivity and monetary ones.
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Appendix: Steady-state computations

A: Benchmark Model

A.1: Steady-state

From (1.30c) :
γ
(
Cγ(1−N)1−γ)1−σ

C
= χGc−σ

From (1.30b) : a
Y

N
=

1− γ
γ

C

1−N

From (1.30d) and (1.30e) : b
Y

Kg
=

1− β(1− δ)
βT

From (1.30f) : Y = NaKgb

Still from (1.30f) : Y = C +Gc +Gi

From (1.30g) : Gi = δKg

This benchmark problem is a system of 6 equations on 6 unknowns variables {C,Gc,

Gi, Kg, N, Y }. The set of parameters are {a, b, γ, σ, χ, β, δ, T}. Following Bouakez

et al. (2017b) I calibrate the parameters χ and γ to match the steady-state fraction

of work N and the steady-state GDP share of public spending on Gc and Gi:

g ≡ Gc +Gi

Y

B: Optimal Monetary and Fiscal Policies under the Cap on Real Expen-

diture Growth Constraint

The problem of the Ramsey planner is to find optimal allocations along the com-

petitive equilibrium. To this goal, the Lagrangian problem is the following:
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L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )

)]
+

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

(1.31)

− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]}
+

− λ5,t

[(
1 + πt−1

1 + πt

)(
Gc
t−1 +Gi

t−1

)
+ τ

((
1 + πt−1

1 + πt

)
at−1F (Nt−1, K

g
t−1)+

− atF (Nt, K
g
t )

)
−Gc

t −Gi
t

]

B.1: Equilibrium Conditions

Ramsey FOCs:

[Ct] : ξtUC,t +

(
UCC,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

(
UCC,t
UC,t

)[
λ2,tβEt

{
Γt,t+1

(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

( atFt
at−1Ft−1

)]
+

+ θλ2,t

(UNC,t
UN,t

− UCC,t
UC,t

)
mct − λ3,t = 0 (1.31a)

[Nt] : ξtUN,t +

(
UCN,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

[
λ2,tEt

{
βΓt,t+1(1 + πt+1)πt+1(

at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

(
atFt

at−1Ft−1

)](
UCN,t
UC,t

+
FN,t
Ft

)
+

+ θλ2,tmct

[
UNN,t
UN,t

− UCN,t
UC,t

− FNN,t
FN,t

]
+ λ3,t∆tatFN,t+

+ τatFN,t

[
λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}]
= 0 (1.31b)

[Gc
t ] : ξtVGc,t − λ3,t +

[
λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}]
= 0 (1.31c)
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[Gi
t] : −λ3,t + λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}
+ λ4,t

[
1− ω

2

(
1− Gi

t

Gi
t−1

)2

+

+ ω

(
1− Gi

t

Gi
t−1

)(
Gi
t

Gi
t−1

)]
+

− βEt
{
λ4,t+1ω

(
1−

Gi
t+1

Gi
t

)(
Gi
t+1

Gi
t

)2}
= 0 (1.31d)

[Kg
T+t] : −λ4,t + β(1− δ)Etλ4,t+1 − βT θEt

{
λ2,t+Tmct+T

(
FNK,t+T
FN,t+T

)}
+

− βTψ
[
βEt

{
λ2,t+TΓt+T,t+T+1(1 + πt+T+1)πt+T+1

(
at+T+1Ft+T+1

at+TFt+T

)
(
FK,t+T
Ft+T

)}
− Et

{
λ2,t+T−1Γt+T−1,t+T (1 + πt+T )πt+T

(
at+TFt+T

at+T−1Ft+T−1

)
(
FK,t+T
Ft+T

)}]
+ βTEt{λ3,t+T∆t+Tat+TFk,t+T}+

+ τβTEt

{
at+TFk,t+T

[
λ5,t+T − βλ5,t+T+1

(
1 + πt+T

1 + πt+T+1

)]}
= 0

(1.31e)

[πt] :
λ1,t−1

β(1 + πt)
− ψ(2πt + 1)

[
λ2,t − λ2,t−1Γt−1,t

(
atFt

at−1Ft−1

)]
+

− ψλ3,tπtatFt +

(
1

1 + πt

)[
λ5,t(G

c
t +Gi

t + τatFt)+

− βEt
{
λ5,t+1(Gc

t+1 +Gi
t+1 + τat+1Ft+1)

}]
= 0 (1.31f)

[Rt] : −λ1,tEt

{
βΓt,t+1

(
1

1 + πt+1

)}
= 0 (1.31g)

[λ1,t] : Et

{
βΓt,t+1

(
1 +Rt

1 + πt+1

)}
= 1 (1.31h)

[λ2,t] : ψ(1 + πt)πt − ψβEt
{

Γt,t+1(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
+

+ θ(1−mct) = 0 (1.31i)

[λ3,t] : Ct +Gc
t +Gi

t −∆tatFt = 0 (1.31j)

[λ4,t] : Kg
t+T = (1− δ)Kg

t+T−1 +

[
1− ω

2

(
1− Gi

t

Gi
t−1

)]
Gi
t (1.31k)

[λ5,t] : Gc
t +Gi

t =

(
1 + πt−1

1 + πt

)(
Gc
t−1 +Gi

t−1

)
+

+ τ

((
1 + πt−1

1 + πt

)
at−1F (Nt−1, K

g
t−1)− atF (Nt, K

g
t )

)
(1.31l)

B.2: Steady-state
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In a zero-inflation steady-state, we can write:

From[C] : UC + λ1

(
1− 1

β

)
UCC
UC

+ θλ2

[
UNC
UN
− UCC

UC

]
− λ3 = 0

From[N ] : UN + λ1

(
1− 1

β

)
UCN
UC

+ θλ2

[
UNN
UN
− UCN

UC
− FNN

FN

]
mc+

+ λ3FN + λ5τFN(1− β) = 0

From[Gc] : VGc = λ3 − λ5(1− β)

From[Gi] : λ4 = λ3 − λ5(1− β)

From[Kg] : λ4[1− β(1− δ)] = −βT θλ2mc
FNKg

FN
+

+ βTλ3FKg + τβTλ5(1− β)FKg

From[π] : λ5(1− β)(Gc +Gi + τF ) = 0

From[R] : λ1β = 0

From[λ1] : 1 +R =
1

β

From[λ2] : mc = 1

From[λ3] : Y = C +Gc +Gi

From[λ4] : Gi = δKg

From[λ5] : Gc +Gi = Gc +Gi

From [π], λ5 = 0, and from [R], λ1 = 0 . This implies, from [C] and [N ], that

λ2 = 0. And from [C], [Gc] and [Gi], follows: UC = VGc = λ3 = λ4. Finally, from

Kg, you get the steady-state marginal product of public capital:

FKg =
1− β(1− δ)

βT

The equilibrium allocations is then identical to the first-best ones, which does not

surprise given that under the zero-inflation set up any distortion vanishes in equi-

librium.

C: Sub-optimal Monetary Policy and Optimal Fiscal Policy under the

Cap on Real Expenditure Growth Constraint

The problem is the same as that established at (1.31), except that now I am con-

straining the set of actions monetary authority is able to implement. Instead of

setting optimally the interest rate, now Central Bank set Rt following the Taylor
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rule (1.21). The Ramsey Planner solves the following problem:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t, λ6,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )

)]
+

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

(1.32)

− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]}
+

− λ5,t

[(
1 + πt−1

1 + πt

)(
Gc
t−1 +Gi

t−1

)
+ τ

((
1 + πt−1

1 + πt

)
at−1F (Nt−1, K

g
t−1)+

− atF (Nt, K
g
t )

)
−Gc

t −Gi
t

]
+

− λ6,t

[
(1 + πt)

θπ

β
εRt − 1−Rt

]}

C.1: Equilibrium Conditions

Ramsey FOCs:

[Ct] : ξtUC,t +

(
UCC,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

(
UCC,t
UC,t

)[
λ2,tβEt

{
Γt,t+1

(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

( atFt
at−1Ft−1

)]
+

+ θλ2,t

(UNC,t
UN,t

− UCC,t
UC,t

)
mct − λ3,t = 0 (1.32a)

[Nt] : ξtUN,t +

(
UCN,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

[
λ2,tEt

{
βΓt,t+1(1 + πt+1)πt+1(

at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

(
atFt

at−1Ft−1

)](
UCN,t
UC,t

+
FN,t
Ft

)
+

+ θλ2,tmct

[
UNN,t
UN,t

− UCN,t
UC,t

− FNN,t
FN,t

]
+ λ3,t∆tatFN,t+

+ τatFN,t

[
λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}]
= 0 (1.32b)
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[Gc
t ] : ξtVGc,t − λ3,t +

[
λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}]
= 0 (1.32c)

[Gi
t] : −λ3,t + λ5,t − βEt

{
λ5,t+1

(
1 + πt

1 + πt+1

)}
+ λ4,t

[
1− ω

2

(
1− Gi

t

Gi
t−1

)2

+

+ ω

(
1− Gi

t

Gi
t−1

)(
Gi
t

Gi
t−1

)]
+

− βEt
{
λ4,t+1ω

(
1−

Gi
t+1

Gi
t

)(
Gi
t+1

Gi
t

)2}
= 0 (1.32d)

[Kg
T+t] : −λ4,t + β(1− δ)Etλ4,t+1 − βT θEt

{
λ2,t+Tmct+T

(
FNKg ,t+T

FN,t+T

)}
+

− βTψ
[
βEt

{
λ2,t+TΓt+T,t+T+1(1 + πt+T+1)πt+T+1

(
at+T+1Ft+T+1

at+TFt+T

)
(
FKg ,t+T

Ft+T

)}
− Et

{
λ2,t+T−1Γt+T−1,t+T (1 + πt+T )πt+T

(
at+TFt+T

at+T−1Ft+T−1

)
(
FKg ,t+T

Ft+T

)}]
+ βTEt{λ3,t+T∆t+Tat+TFKg ,t+T}+

+ τβTEt

{
at+TFKg ,t+T

[
λ5,t+T − βλ5,t+T+1

(
1 + πt+T

1 + πt+T+1

)]}
= 0

(1.32e)

[πt] :
λ1,t−1

β(1 + πt)
− ψ(2πt + 1)

[
λ2,t − λ2,t−1Γt−1,t

(
atFt

at−1Ft−1

)]
+

− ψλ3,tπtatFt +

(
1

1 + πt

)[
λ5,t(G

c
t +Gi

t + τatFt)+

− βEt
{
λ5,t+1(Gc

t+1 +Gi
t+1 + τat+1Ft+1)

}]
+

− λ6,t
θπ(1 + πt)

θπ−1

β
εRt = 0 (1.32f)

[Rt] : −λ1,tEt

{
βΓt,t+1

(
1

1 + πt+1

)}
+ λ6,t = 0 (1.32g)

[λ1,t] : Et

{
βΓt,t+1

(
1 +Rt

1 + πt+1

)}
= 1 (1.32h)

[λ2,t] : ψ(1 + πt)πt − ψβEt
{

Γt,t+1(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
+

+ θ(1−mct) = 0 (1.32i)

[λ3,t] : Ct +Gc
t +Gi

t −∆tatFt = 0 (1.32j)

[λ4,t] : Kg
t+T = (1− δ)Kg

t+T−1 +

[
1− ω

2

(
1− Gi

t

Gi
t−1

)]
Gi
t (1.32k)

[λ5,t] : Gc
t +Gi

t =

(
1 + πt−1

1 + πt

)(
Gc
t−1 +Gi

t−1

)
+

+ τ

((
1 + πt−1

1 + πt

)
at−1F (Nt−1, K

g
t−1)− atF (Nt, K

g
t )

)
(1.32l)
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[λ6,t] : 1 +Rt =
(1 + πt)

θπ

β
εRt (1.32m)

C.2: Steady-state

Under the zero-inflation steady-state, again the equilibrium allocations are identical

to the ones under the first-best benchmark.

From[C] : UC + λ1

(
1− 1

β

)
UCC
UC

+ θλ2

[
UNC
UN
− UCC

UC

]
− λ3 = 0

From[N ] : UN + λ1

(
1− 1

β

)
UCN
UC

+ θλ2

[
UNN
UN
− UCN

UC
− FNN

FN

]
mc+

+ λ3FN + λ5τFN(1− β) = 0

From[Gc] : VGc = λ3 − λ5(1− β)

From[Gi] : λ4 = λ3 − λ5(1− β)

From[Kg] : λ4[1− β(1− δ)] = −βT θλ2mc
FNKg

FN
+

+ βTλ3FKg + τβTλ5(1− β)FKg

From[π] : λ5(1− β)(Gc +Gi + τF ) = λ1

(
θπ −

1

β

)
From[R] : λ6 = βλ1

From[λ1] : 1 +R =
1

β

From[λ2] : mc = 1

From[λ3] : Y = C +Gc +Gi

From[λ4] : Gi = δKg

From[λ5] : Gc +Gi = Gc +Gi

From[λ6] : 1 +R =
1

β

From [C] and [N ], one can get λ1 = λ2 = λ5 = 0. This implies, from [R], that

λ6 = 0. And from [C], [Gc] and [Gi], follows: UC = VGc = λ3 = λ4. Finally, from

Kg, you get the steady-state marginal product of public capital:

FKg =
1− β(1− δ)

βT

D: Optimal Monetary and Fiscal Policies under the Output Gap Re-

sponding Fiscal Rule
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The relevant Lagrangian is:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t, λ6,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )

)]
+

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

(1.33)

− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]
+

− λ5,t

[
Gc

(
∆tatF (Nt, K

g
t )

Y

)ρGc

−Gc
t

]
+

− λ6,t

[
Gi

(
∆tatF (Nt, K

g
t )

Y

)ρGi

−Gi
t

]}

D.1: Equilibrium Conditions

Ramsey FOCs:

[Ct] : ξtUC,t +

(
UCC,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

(
UCC,t
UC,t

)[
λ2,tβEt

{
Γt,t+1

(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

( atFt
at−1Ft−1

)]
+

+ θλ2,t

(UNC,t
UN,t

− UCC,t
UC,t

)
mct − λ3,t = 0 (1.33a)
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[Nt] : ξtUN,t +

(
UCN,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

[
λ2,tEt

{
βΓt,t+1(1 + πt+1)πt+1(

at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

(
atFt

at−1Ft−1

)](
UCN,t
UC,t

+
FN,t
Ft

)
+

+ θλ2,tmct

[
UNN,t
UN,t

− UCN,t
UC,t

− FNN,t
FN,t

]
+ λ3,t∆tatFN,t+

− λ5,t

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆tatFt)
ρ
Gc
−1∆tatFN,t+

− λ6,t

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆tatFt)
ρ
Gi
−1∆tatFN,t = 0 (1.33b)

[Gc
t ] : ξtVGc,t − λ3,t + λ5,t = 0 (1.33c)

[Gi
t] : −λ3,t + λ4,t

[
1− ω

2

(
1− Gi

t

Gi
t−1

)2

+

+ ω

(
1− Gi

t

Gi
t−1

)(
Gi
t

Gi
t−1

)]
+

− βEt
{
λ4,t+1ω

(
1−

Gi
t+1

Gi
t

)(
Gi
t+1

Gi
t

)2}
+ λ6,t = 0 (1.33d)

[Kg
t+T ] : −λ4,t + β(1− δ)Etλ4,t+1 − βT θEt

{
λ2,t+Tmct+T

(
FNKg ,t+T

FN,t+T

)}
+

− βTψ
[
βEt

{
λ2,t+TΓt+T,t+T+1(1 + πt+T+1)πt+T+1

(
at+T+1Ft+T+1

at+TFt+T

)
(
FKg ,t+T

Ft+T

)}
− Et

{
λ2,t+T−1Γt+T−1,t+T (1 + πt+T )πt+T

(
at+TFt+T

at+T−1Ft+T−1

)
(
FKg ,t+T

Ft+T

)}]
+ βTEt{λ3,t+T∆t+Tat+TFKg ,t+T}+

− βTλ5,t+T

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆t+Tat+TFt+T )ρGc−1∆t+Tat+TFKg ,t+T+

(1.33e)

− βTλ6,t+T

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆t+Tat+TFt+T )ρGi−1∆t+Tat+TFKg ,t+T = 0

[πt] :
λ1,t−1

β(1 + πt)
− ψ(2πt + 1)

[
λ2,t − λ2,t−1Γt−1,t

(
atFt

at−1Ft−1

)]
+

− ψλ3,tπtatFt + λ5,t

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆tatFt)
ρ
Gc
−1ψπtatFt+

+ λ6,t

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆tatFt)
ρ
Gi
−1ψπtatFt = 0 (1.33f)

[Rt] : −λ1,tEt

{
βΓt,t+1

(
1

1 + πt+1

)}
= 0 (1.33g)
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[λ1,t] : Et

{
βΓt,t+1

(
1 +Rt

1 + πt+1

)}
= 1 (1.33h)

[λ2,t] : ψ(1 + πt)πt − ψβEt
{

Γt,t+1(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
+

+ θ(1−mct) = 0 (1.33i)

[λ3,t] : Ct +Gc
t +Gi

t −∆tatFt = 0 (1.33j)

[λ4,t] : Kg
t+T = (1− δ)Kg

t+T−1 +

[
1− ω

2

(
1− Gi

t

Gi
t−1

)]
Gi
t (1.33k)

[λ5,t] :

(
Gc
t

Gc

)
=

(
∆tatFt
Y

)ρ
Gc

(1.33l)

[λ6,t] :

(
Gi
t

Gi

)
=

(
∆tatFt
Y

)ρ
Gi

(1.33m)

D.2: Steady-state

Under the zero-inflation steady-state, again the equilibrium allocations are identical

to the ones under the first-best benchmark.

From[C] : UC + λ1

(
1− 1

β

)
UCC
UC

+ θλ2

[
UNC
UN
− UCC

UC

]
− λ3 = 0

From[N ] : UN + λ1

(
1− 1

β

)
UCN
UC

+ θλ2

[
UNN
UN
− UCN

UC
− FNN

FN

]
mc+

+ λ3FN − λ5

(
Gc

Y

)
ρ
Gc
FN − λ6

(
Gi

Y

)
ρ
Gi
FN = 0

From[Gc] : VGc = λ3 − λ5

From[Gi] : λ4 = λ3 − λ6

From[Kg] : λ4[1− β(1− δ)] = −βT θλ2mc
FNKg

FN
+

+ βTλ3FKg − βTλ5

(
Gc

Y

)
ρ
Gc
FKg − βTλ6

(
Gi

Y

)
ρ
Gi
FKg

From[π] : λ1 = 0

From[R] : βλ1 = 0
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From[λ1] : 1 +R =
1

β

From[λ2] : mc = 1

From[λ3] : Y = C +Gc +Gi

From[λ4] : Gi = δKg

From[λ5] : Gc = Gc

From[λ6] : Gi = Gi

From [C] and [N ], one can get λ1 = λ2 = λ5 = λ6 = 0. And from [C], [Gc] and [Gi],

follows: UC = VGc = λ3 = λ4. Finally, from Kg, you get the steady-state marginal

product of public capital:

FKg =
1− β(1− δ)

βT

E: Sub-optimal Monetary Policy and Optimal Fiscal Policy under the

Output Gap Responding Fiscal Rule

The relevant Lagrangian is:

L(Ct, Nt, G
c
t ,G

i
t, K

g
t+T , πt, Rt, λ1,t, λ2,t, λ3,t, λ4,t, λ5,t, λ6,t, λ7,t) = E0

∞∑
t=0

βt

{
ξt

[
U
(
Ct, Nt

)
+

+ V
(
Gc
t

)]
− λ1,t

[
βΓt,t+1

(
1 +Rt

1 + πt+1

)
− 1

]
+

− λ2,t

[
ψ

[
(1 + πt)πt − βΓt,t+1(1 + πt+1)πt+1(

at+1F (Nt+1, K
g
t+1)

atF (Nt, K
g
t )

)]
+ θ

(
1 +

UN(Ct, Nt)

UC(Ct, Nt)atFN(Nt, K
g
t )

)]
+

− λ3,t

[
Ct +Gc

t +Gi
t −∆tatF (Nt, K

g
t )

]
+

(1.34)

(...)
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− λ4,t

[
Kg
t+T − (1− δ)Kg

t+T−1 −
(

1− ω

2

(
1− Gi

t

Gi
t−1

)2)
Gi
t

]
+

− λ5,t

[
Gc

(
∆tatF (Nt, K

g
t )

Y

)ρGc

−Gc
t

]
+

− λ6,t

[
Gi

(
∆tatF (Nt, K

g
t )

Y

)ρGi

−Gi
t

]
+

− λ7,t

[
(1 + πt)

θπ

β
εRt − 1−Rt

]}

E.1: Equilibrium Conditions

Ramsey FOCs:

[Ct] : ξtUC,t +

(
UCC,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

(
UCC,t
UC,t

)[
λ2,tβEt

{
Γt,t+1

(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

( atFt
at−1Ft−1

)]
+

+ θλ2,t

(UNC,t
UN,t

− UCC,t
UC,t

)
mct − λ3,t = 0 (1.34a)

[Nt] : ξtUN,t +

(
UCN,t
UC,t

)
(λ1,t − β−1λ1,t−1)− ψ

[
λ2,tEt

{
βΓt,t+1(1 + πt+1)πt+1(

at+1Ft+1

atFt

)}
− λ2,t−1Γt−1,t(1 + πt)πt

(
atFt

at−1Ft−1

)](
UCN,t
UC,t

+
FN,t
Ft

)
+

+ θλ2,tmct

[
UNN,t
UN,t

− UCN,t
UC,t

− FNN,t
FN,t

]
+ λ3,t∆tatFN,t+

− λ5,t

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆tatFt)
ρ
Gc
−1∆tatFN,t+

− λ6,t

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆tatFt)
ρ
Gi
−1∆tatFN,t = 0 (1.34b)

[Gc
t ] : ξtVGc,t − λ3,t + λ5,t = 0 (1.34c)

[Gi
t] : −λ3,t + λ4,t

[
1− ω

2

(
1− Gi

t

Gi
t−1

)2

+

+ ω

(
1− Gi

t

Gi
t−1

)(
Gi
t

Gi
t−1

)]
+

− βEt
{
λ4,t+1ω

(
1−

Gi
t+1

Gi
t

)(
Gi
t+1

Gi
t

)2}
+ λ6,t = 0 (1.34d)
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[Kg
t+T ] : −λ4,t + β(1− δ)Etλ4,t+1 − βT θEt

{
λ2,t+Tmct+T

(
FNKg ,t+T

FN,t+T

)}
+

− βTψ
[
βEt

{
λ2,t+TΓt+T,t+T+1(1 + πt+T+1)πt+T+1

(
at+T+1Ft+T+1

at+TFt+T

)
(
FKg ,t+T

Ft+T

)}
− Et

{
λ2,t+T−1Γt+T−1,t+T (1 + πt+T )πt+T

(
at+TFt+T

at+T−1Ft+T−1

)
(
FKg ,t+T

Ft+T

)}]
+ βTEt{λ3,t+T∆t+Tat+TFKg ,t+T}+

− βTλ5,t+T

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆t+Tat+TFt+T )ρGc−1∆t+Tat+TFKg ,t+T+

− βTλ6,t+T

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆t+Tat+TFt+T )ρGi−1∆t+Tat+TFKg ,t+T = 0

(1.34e)

[πt] :
λ1,t−1

β(1 + πt)
− ψ(2πt + 1)

[
λ2,t − λ2,t−1Γt−1,t

(
atFt

at−1Ft−1

)]
+

− ψλ3,tπtatFt + λ5,t

(
Gc

Y ρ
Gc

)
ρ
Gc

(∆tatFt)
ρ
Gc
−1ψπtatFt+

+ λ6,t

(
Gi

Y ρ
Gi

)
ρ
Gi

(∆tatFt)
ρ
Gi
−1ψπtatFt+

− λ7,t
θπ(1 + πt)

θπ−1

β
εRt = 0 (1.34f)

[Rt] : −λ1,tEt

{
βΓt,t+1

(
1

1 + πt+1

)}
+ λ7,t = 0 (1.34g)

[λ1,t] : Et

{
βΓt,t+1

(
1 +Rt

1 + πt+1

)}
= 1 (1.34h)

[λ2,t] : ψ(1 + πt)πt − ψβEt
{

Γt,t+1(1 + πt+1)πt+1

(
at+1Ft+1

atFt

)}
+

+ θ(1−mct) = 0 (1.34i)

[λ3,t] : Ct +Gc
t +Gi

t −∆tatFt = 0 (1.34j)

[λ4,t] : Kg
t+T = (1− δ)Kg

t+T−1 +

[
1− ω

2

(
1− Gi

t

Gi
t−1

)]
Gi
t (1.34k)

[λ5,t] :

(
Gc
t

Gc

)
=

(
∆tatFt
Y

)ρ
Gc

(1.34l)

[λ6,t] :

(
Gi
t

Gi

)
=

(
∆tatFt
Y

)ρ
Gi

(1.34m)

[λ7,t] : 1 +Rt =
(1 + πt)

θπ

β
εRt (1.34n)
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E.2: Steady-state

Under the zero-inflation steady-state, again the equilibrium allocations are identical

to the ones under the first-best benchmark.

From[C] : UC + λ1

(
1− 1

β

)
UCC
UC

+ θλ2

[
UNC
UN
− UCC

UC

]
− λ3 = 0

From[N ] : UN + λ1

(
1− 1

β

)
UCN
UC

+ θλ2

[
UNN
UN
− UCN

UC
− FNN

FN

]
mc+

+ λ3FN − λ5

(
Gc

Y

)
ρ
Gc
FN − λ6

(
Gi

Y

)
ρ
Gi
FN = 0

From[Gc] : VGc = λ3 − λ5

From[Gi] : λ4 = λ3 − λ6

From[Kg] : λ4[1− β(1− δ)] = −βT θλ2mc
FNKg

FN
+

+ βTλ3FKg − βTλ5

(
Gc

Y

)
ρ
Gc
FKg − βTλ6

(
Gi

Y

)
ρ
Gi
FKg

From[π] : λ1 = λ7θπ

From[R] : βλ1 = λ7

From[λ1] : 1 +R =
1

β

From[λ2] : mc = 1

From[λ3] : Y = C +Gc +Gi

From[λ4] : Gi = δKg

From[λ5] : Gc = Gc

From[λ6] : Gi = Gi

From[λ7] : 1 +R =
1

β

From [C] and [N ], one can get λ1 = λ2 = λ5 = λ6 = 0. This implies, from [R], that

λ7 = 0. And from [C], [Gc] and [Gi], follows: UC = VGc = λ3 = λ4. Finally, from

Kg, you get the steady-state marginal product of public capital:

FKg =
1− β(1− δ)

βT
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Chapter 2

Optimal Fiscal Policy under a

Temporary Windfall of

Nonrenewable Resources

2.1 Introduction

This chapter investigates optimal fiscal policy design in an environment where a

government experiences a positive structural change in its revenue due to a natural

resource source. The objective is to derive useful lessons about how government

should distribute the windfall over time.

The motivation to investigate optimal fiscal policy in this challenging environment

comes from the pre-salt’s oil discovery in Brazil, dating from 2007. Official figures

show that the daily pre-salt oil production increased from an average of 41 thousand

barrels per day (bpd) in 2010 to 1 million bpd in 2016 and 1.9 million in March 2020.

Current forecasts point to the pre-salt layer producing 4.2 million bpd in 2030,

responding for 80% of total production1. In the same direction, expectations point

to a jump in the primary revenues from the oil sector (royalties, special participation

in production and profit oil revenue), that after registering R$ 21.4 billion in 2010

and R$ 45.0 billion in 2020, is expected to increase to R$ 75.0 billion in 2024 and

1According to the National Agency for Petroleum, Natural Gas and Biofuels (ANP), proved oil

reserves registered 14 billion barrels (Gbbl) in 2010 and 12 Gbbl in 2020. The Brazilian Energy

Research Office (EPE) forecasts that reserves will reach 34 Gbbl in 2030. Forecasts date from

2020.

71



R$ 160 billion in 2030.2.

Given the potential of revenue collection involved in this new milestone of the oil

sector in Brazil, a struggle for ”appropriation” of resources to different government

action areas was triggered. In September 2013 (Law no. 12.858/2013), it was settled

the allocation of the entire resources due to royalties and to special participation in

production for education (75%) and health (25%), for contracts signed from Decem-

ber 3, 2012. In this context, Brazil needs to design a fiscal restructuring strategy

aimed at the intertemporal management of a nonrenewable source of wealth.

This work’s main contribution is to solve an infinite-horizon stochastic Ramsey

problem of a benevolent government that faces a temporary windfall of natural

resource revenue. The model setup is a small open economy variant founded on

Lucas and Stokey (1983), but with incomplete markets (Aiyagari, Marcet, Sargent

and Seppälä (2002).

I do not assume uncertainty disappearance after a finite period in time to solve

the model numerically. Doing so justifies because an oil producer country probably

will continue being a producer even after the windfall ends. For example, in the

case of Brazil, the windfall is due to oil discovery in the pre-salt layer. Once this

windfall ceases, the exploration and production based on deep waters and onshore

basins will probably remain, and the country will continue to collect revenue from

the natural resource sector. Moreover, even with an eventual resource exhaustibility,

other sources of uncertainty could exist, like technological and monetary shocks.

I apply the Parameterized Expectation Approach (PEA - den Haan and Marcet,

1990) to solve a nonlinear stochastic dynamic model with a structural break. It

allows me to evaluate the optimal policy response to cope with the nonrenewable

resource volatility and the transition dynamics towards the stationary solution once

the windfall ceases.

The advantage of the PEA approach is that it allows resolving structural breaks

in one (or more) state variables without the necessity to assume that uncertainty

disappears in a finite moment in time, a shortcut commonly used in the literature.

Also, with the PEA, the ‘curse of dimensionality’ problem is not a concern when

it is necessary to increase the model in complexity by adding more state variables

2Data for production from the Brazilian Energy Research Office (EPE) and data for primary rev-

enues from the National Agency for Petroleum, Natural Gas and Biofuels (ANP), Pré-Sal Petróleo

and FGV Energia. Forecasts date from 2020.
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(Marcet and Lorenzoni (1998); and Faraglia, Marcet, Oikonomou and Scott (2014)).

However, an important concern to guarantee the convergence of the PEA algorithm

is the setup of good initial conditions for the parameters in the polynomial that

approximates Euler’s equation conditional expectation. This concern amplifies if

the deterministic version of the model does not have a steady-state. Remarkably,

applying PEA to solve the model with structural breaks, one should care about good

initial conditions regarding pre and post-break periods. I challenge this problem

using a linearized solution to the model pre and post the structural break (Christiano

and Fisher, 2000).

The environment with a windfall of nonrenewable resource income, considering the

stochastic nature behind the flows of revenue (mainly driven by commodity price

volatility), allows me to approximate agents expectation when they know that at a

specific moment in time, there would be a structural shift in one of the state variables

(here resource revenue). One can generalize this approach to the case of more than

one break and unknown break periods. For now, I am evaluating the accuracy of this

approach with a model setup already analyzed in the literature. Future work plans

to advance in the model setup’s complexity to reflect more realistic characteristics

of the Brazilian economy.

I organize this chapter into five sections beyond this introduction. Section 2 presents

a (nonexhaustive) literature review. The third section describes a benchmark Per-

manent Income Hypothesis (PIH) deterministic model and derives the Ramsey Prob-

lem first-order conditions (FOCs). Section 4 introduces uncertainty in the model

through a resource revenue exogenous stochastic process. In section 5, I perform a

quantitative exercise, including a sensitivity analysis. Finally, I conclude this work

in the sixth section.

2.2 Literature Review

The literature concerning the design of fiscal rules to oil-producing countries is

vast and, generally, followed by applications to specific countries. See, for exam-

ple, Caceres, Cevik, Fenochietto and Gracia (2015), Harding and Ploeg (2013), Ia-

cono (2017), Carcillo, Leigh and Villafuerte (2007), Leigh and Olters (2006), Olters

(2007), Segura (2006) and Gobetti (2009).

73



Lessons brought from the literature, generally, derive suitable recommendations to

policymakers that have a foundation either on theoretical models or existing practic-

ing rules (sometimes ad hoc rules). Examples are in Medas and Zakharova (2009),

Barnett and Ossowski (2002), Baunsgaard, Villafuerte, Poplawski-Ribeiro and Rich-

mond (2012), Segal (2012), Chalk (1998), and Sturm, Gurtner and Alegre (2009).

Regarding a theoretical understanding of the optimal fiscal policy in resource-rich

countries, the papers of Engels and Valdés (2000) and Maliszewski (2009) are rele-

vant readings. They have a comprehensive review of the kind of models used in the

literature and propose new approaches.

The benchmark framework, called Permanent Income Hypothesis (PIH) model, can

be summarized as the choice of the optimal per capta consumption level, considering

that a Social Welfare Function (SWF) is defined as follows:

U(u0, u1, ..., u∞) =
∞∑
t=0

[β(1 + n)]t
u(gt, ct)

1−ρ

1− ρ

where β is the discount factor, n is the population growth rate, ρ is the intertemporal

elasticity of substitution and ct and gt are the per capta consumption level of private

and public goods.

Assuming Constant Elasticity of Substitution (CES) between ct and gt allows to

obtain u(gt, ct) proportional to ct. The government maximizes the SWF contrained

on its intertemporal budget constraint:

maximize
{ct}∞t=0

U(u0, u1, ..., u∞) =
∞∑
t=0

[β(1 + n)]t
c1−ρ
t

1− ρ

s.t.:
∑
t≥0

R−tGt = F0 +
∑
t≥0

R−t[Tt + Y oil
t ] ≡ WG

0

where Gt is the total government expenditure, R is the real interest rate, F0 is

the government’s initial net foreign asset, and Tt and Y oil
t are, respectively, the tax

over the non-oil sector and the oil revenue. WG
0 denotes the government’s total

wealth at time 0. If the government is not restricted in its power to tax the non-oil

economy, one can substitute Tt by Y non−oil
t and, then, WG

0 can be interpreted as

the wealth of the whole economy (W0). Assuming βR = 1 as standard to solve for

consumption smoothing 3, the solution to this problem gives the following optimal

3If βR < 1, which characterizes an impatient society, individuals will optimally consume more
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per capta consumption:

c =

(
1− 1 + n

R

)
W0

The right-hand side is defined in the literature as the permanent income, due to

Friedman (1957), and is the indefinitely maintainable highest level of per capta

consumption.

An alternative approach, called Permanent Oil Income Hypothesis (POIH) model, is

obtained restricting the wealth that the government can distribute across generations

only to the natural resource income (W oil
0 instead of W0). The POIH preserves the

idea of basing the consumption (of public goods) on the permanent income, restricted

to that of the natural resource source.

Maliszewski (2009) proposed modifying the POIH model marginally to consider tax-

ation on the non-oil sector. This proposal originated the Modified POIH (MPOIH)

model, which is not as restrictive as the POIH but not as flexible as the PIH regard-

ing the government’s instrument to promote intergenerational wealth transfers.

Ploeg and Venables (2011) shed some light on how to challenge the problem of inter-

est rate differential in developing countries. They suggest that in this environment,

it is optimal: to reduce the level of savings and allow for a skewed pattern path

of consumption in favor of the current generation; that the investment in assets

should involve a mix between investing domestically in public infrastructure and

the reduction of foreign public debt; and the reduction of distortionary taxes.

Engels and Valdés (2000) bring to the analysis uncertainty in a restricted form4

(to consider precautionary saving) and adjustment cost concerning changes in the

government expenditures level due to, for example, new discoveries or the exhaustion

of reserves.

Up to my knowledge, just after almost one decade later, uncertainty became more

frequent in analyzing optimal policy in resource-rich countries. The benevolent gov-

ernment’s problem is similar to the deterministic case and, with few exceptions (van

in the present. See Engels and Valdés (2000).
4Under a CES utility function, the authors collapse all the future uncertainty about oil price

in a one-period uncertainty. To this end, they assume that the oil price risk is diversified away,

with the government recurring to privatization in t + 1. In this way, they arrive at a two-period

optimization problem.
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der Ploeg, 2010), the uncertainty is concerning commodity prices. Under convenient

utility assumptions, one can find analytical solutions when solving finite-horizon

models (van der Ploeg, 2010; Iacono, 2017). The solution of finite-horizon models

numerically can be found in van der Ploeg and Venables (2012) and Cherif and

Hasanov (2013). Regarding solving infinite-horizon models in continuous or discrete

time, the assumption is that uncertainty disappears after a finite period in time

due to the exhaustion of the natural resource windfall. This shortcut facilitates the

model’s numerical solution (Bems and Carvalho Filho, 2011; van den Bremer and

van der Ploeg, 2013; van der Ploeg, 2014; IMF, 2015).

A common reason to include uncertainty in the analysis is to evaluate the impact of

precautionary saving on government policies to deal with short and medium-term

adjustments necessary to cope with volatility (mainly) in commodity prices. Some

papers go beyond and consider countries that face capital scarcity and absorption

constraints to justify raising an investment fund.

An alternative approach to assessing fiscal policy in countries granted by a natural

resource windfall is the Dynamic Stochastic General Equilibrium (DSGE) model.

Pieschacón (2009) implements a DSGE model, calibrating for Mexico, to analyze

the effects of distinct sustainable fiscal rules in a near-to-exhaustion oil sector. Berg,

Portillo, Yang and Zanna (2013) set up a three-sector DSGE model to analyze the

effects of public investments financed with natural resources revenue. Furthermore,

Agenor (2016) implements a DSGE model to evaluate optimal fiscal policy response

to transitory shocks in the commodities price, dealing with optimization over a social

loss function considering both volatility of private consumption and one indicator

of macroeconomic stability.

The models briefly described above are derived under optimality. Notwithstanding,

ad hoc rules are also present in the literature about the design and evaluation of

fiscal policy for oil-producing countries.

The “bird-in-hand” rule (Bjerkholt, 2002), used in Norway, states that the per capta

government expenditure should base on the returns of the net financial assets at

each period. The goal is to prevent an abrupt decrease in the amount of govern-

ment expenditure. This rule asks for a very patient society, which can restrict its

implementation in developing countries that are more demanding for short-term

public expenditures and/or have negative initial assets.

Another ad hoc rule is the “spending current oil revenue”, which states that gov-
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ernment should spend all the oil revenue obtained each period. According to Mal-

iszewski (2009), this rule occurs when it is impossible to control for political pressures

or in the case of a very optimistic scenario about the non-oil sector economic growth.

A way to minimize the shortages of this rule is to avoid mandatory government ex-

penditures. This prudence in establishing expenditures is also important to manage

a slowdown in oil prices.

The main lesson from the literature review is that there is a variety of work under

deterministic environments. However, there is much to be done to deal with un-

certainty, not only to the price of commodities but also to the possibility of other

sources of uncertainty, like technological shocks in the non-resource sector and/or a

possible exogenous stochastic process on current public expenditures (that is apart

from public investments to promote the non-resource sector). Specifically to Brazil’s

case, it would be important to consider analyzing the interest rate differential be-

tween the debt and asset positions. Moreover, the domestic households are the main

holders of government debt outstanding, which has implications regarding an opti-

mal policy that concerns debt repayment. The channel is through the impact of the

exchange rate appreciation on the non-resource tradable sector, so-called “Dutch

Disease”.

2.3 Deterministic Economy: a benchmark model

The objective of this section is to derive the solution for a deterministic economy. I

use this benchmark to confront the results I obtain ahead under uncertainty. The

households in this model derive utility from private and government consumption.

The government provides the latter at no cost to households. The private con-

sumption comes from the net non-natural resource sector income that, to simplify

the analysis, I assume it is constant {yt = ȳ}∞t=0. The government charge this in-

come with a time-varying tax rate ({τt}∞t=0). The households do not have access to

the financial market and their optimal choice is to consume the whole net income

({ct = (1− τt)ȳ}∞t=0).
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Household’s Problem:

maximize
{ct}∞t=0

∞∑
t=0

βt[u(ct) + z(gt)]

s.t.: ct = (1− τt)ȳ
(2.1)

The functions u(.) and z(.) are strictly increasing in their argument and strictly

concave.

The government finances its expenditure and repay the principal and interest over

the bonds issued in the previous period charging the non-oil sector, collecting the

flow of the natural resource sector revenue (Nt), and issuing new bonds in the

international market at an exogenous and assumed constant interest rate (r∗). I

analyze optimal fiscal policy when the government faces a relevant increase in the

natural resource sector’s revenue flows during a finite period (let me call it T ). From

time T on, I assume that these flows decrease to a significantly lower magnitude.

The government budget constraint is:

gt + (1 + r∗)bgt−1 = τtȳ + bgt +Nt,with:

Nt =

N, if t ≤ T.

n, if t > T.

(2.2)

where bgt is the government’s bonds issued at time t.

The feasibility constraint of this single good small open economy is:

ct + gt + tbt = ȳ +Nt (2.3)

where tbt represents the trade balance at time t.

Finally, the international financial flows dictate the debt dynamics as follows:

tbt = (1 + r∗)bgt−1 − b
g
t (2.4)

2.3.1 The Ramsey Problem

As my goal is to state the Ramsey problem using the primal approach, I first derive
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the present value of the government budget constraint. After a forward substitution

of equation (2.2) and the use of the non-Ponzi condition

limj→∞

(
1

(1 + r∗)

)j+1

bgt+j ≤ 0 , (2.5)

I substitute the income tax as a function of consumption allocation and the income

process derived from the households’ optimality. Then, I get the following budget

constraint’s present value, at time t:

bgt−1 =
∞∑
j=0

(
1

(1 + r∗)

)j+1[
yt+j +Nt+j − ct+j − gt+j

]
≡

∞∑
j=0

(
1

(1 + r∗)

)j+1

st+j

(2.6)

where I use st+j to account for the government’s primary fiscal balance at time t+j5.

Assuming that the subjective discount factor equals the market discount factor

(β(1 + r∗) = 1), the Ramsey Problem allocations arise from the solution to the

following Lagrangian:

L(ct, gt, bt,∆) =
∞∑
t=0

βt

{[
u(ct) + z(gt)

]
+ β∆

[
yt +Nt − ct − gt

]}
− β∆bg−1 (2.7)

Ramsey FOCs:

[ct] : u′(ct) = ∆ (2.8a)

[gt] : z′(gt) = ∆ (2.8b)

[Implementability Constraint] : b−1 =
∞∑
t=0

βt+1st (2.8c)

The optimal allocations that arise from equations (2.8) point to a constant pri-

vate and government consumption. Given the streams of incomes from the natural

and non-natural resource sectors, the evolution of the trade balance (and, then, of

the government debt position) will be such that it accommodates the optimal allo-

cations. I look for a ∆ such that the system of equations formed by (2.8a)-(2.8b)

delivers me the allocations {ct = c̄, gt = ḡ, bt}∞t=0 and equation (2.8c) is satisfied. The

optimal tax policy is also constant {τt = τ̄ = 1− c̄/ȳ}∞t=0 from the optimal constant

consumption allocation and the assumption of constant non-oil sector income.

5The primary fiscal balance does not include the interest over the bonds issued in the previous

year.
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2.4 Adding uncertainty to the benchmark model

To assess the role of uncertainty in the optimal fiscal policy problem, I depart

from the previous model assuming an exogenous stochastic process to the natural

resource revenue Nt(st). I refer to the history of the state variable throughout as st.

To highlight the Nt(st) stochastic process in the case of the oil commodity, I can say

that it assembles a mix of uncertainty about prices, production and big producers

offer policy, for example6. The natural resource windfall will last for T periods, after

which I assume that this source of revenue shifts to a lower level. I model Nt(st) as

a mean-reverting AR(1) process:

Nt(st) =



µ̄+ ρNt−1(st−1) + εt(st), if t ≤ T.

And for t > T :

n, if ¯̄µ+ ρNt−1(st−1) + εt(st) < n

¯̄µ+ ρNt−1(st−1) + εt(st), if n ≤ ¯̄µ+ ρNt−1(st−1) + εt(st) ≤ n

n, if ¯̄µ+ ρNt−1(st−1) + εt(st) > n

(2.9)

with µ̄ = N(1− ρ) > ¯̄µ = n(1− ρ).

The noise is such that εt(st)
i.i.d.∼ N (0, σ2). The boundaries on Nt(s

t) to the post-

windfall period match with observed data, as will be explicit in the calibration

section ahead7.

The government issues a one-period maturity risk-free bond, being a price taker of

the international interest rate. I will assume that the government faces symmetric

(in absolute terms) boundaries in the value of the bonds it issues (M and M)8. To

6In the Appendix, I apply a simple Vector Autoregressive exercise to show the short-run dy-

namics between the oil revenue and the international oil price in the Brazilian case.
7Such boundaries are not applicable for t ≤ T , since these lower and upper bounds are strictly

lower than whatever observation during the windfall under the magnitude of change I assume to

the mean of Nt(st), from n to N . See the calibration section.
8In the deterministic setup, I did not need to care about these boundaries, because β(1+r∗) = 1

guarantees a compact asset space. However, under uncertainty, without these boundaries, the asset

space is not compact under β(1 + r∗) = 1. These boundaries are also important to implement the

numerical solution using the Parameterized Expectation Approach.
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avoid redundancy, I set the Ramsey Problem directly:

L(ct(s
t), gt(s

t), bgt (s
t), δt(s

t), µlt(s
t), µut(s

t)) = E0

∞∑
t=0

βt

{[
u(ct(s

t))+

+ z(gt(s
t))

]
− δt(st)

[
gt(s

t) + ct(s
t) + (1 + r∗)bgt−1(st−1)− ȳ −Nt(st)−

− bgt (st)
]
− µlt(st)

[
M − bgt (st)

]
−

− µut(st)
[
bgt (s

t)−M
]}

(2.10)

Ramsey FOCs:

[ct] : u′(ct(s
t)) = δt(s

t) (2.11a)

[gt] : z′(gt(s
t)) = δt(s

t) (2.11b)

[bgt ] : δt(s
t) = β(1 + r∗)Et[δt+1(st+1)]− µlt(st) + µut(s

t) (2.11c)

[Feasibility Constraint] : ct(s
t) + gt(s

t) + tbt(s
t) = ȳ +Nt(st) (2.11d)

To solve this Ramsey Problem I proceed with the Parameterized Expectation Ap-

proach to approximate the expectational term Et[δt+1(st+1)] as a function of the

state variables of the model
(
Xt(st) = {t1{t ≤ T}, bt−1(st−1), Nt(st)}∞t=0

)
, where

1{t ≤ T} is an indicator function9:

Et[δt+1(st+1)] = Φi(Xt(st), ω
i
pea),

with i = 1(t ≤ T ) and i = 2(t > T ).
(2.12)

I parameterize Φi(Xt(st), ω
i
pea) as a linear polynomial on Xt(st). To start the al-

gorithm, I simulate Nt(st), assume an initial condition to the debt position and

initialize ωi,0pea solving a linearized version of the model. Then, I follow three steps

to compute the optimal paths for the allocations and fiscal policy:

(1) Assume M ≤ bgt+1(st) ≤M . Under the parameterization (2.12), I recover ct(s
t),

gt(s
t) and δt(s

t) from (2.11a)-(2.11c) and bgt (s
t) from (2.11d). The multipliers µlt(s

t)

or µut(s
t) are equal to zero;

(2) In case the optimal bgt (s
t) is inside the boundaries, I go ahead to the next period.

Otherwise, I set the optimal value for bgt (s
t) as equal to the bound it hints and solve

9The steps I follow to solve the model are grounded on Faraglia et al. (2014), specially section

3. Adaptations were needed to solve a model with structural breaks.
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the following system of equations (from the FOCs) to find the optimal ct(s
t) and

gt(s
t):

u′(ct(s
t))− z′(gt(st)) = 0 (2.13a)

ct(s
t) + gt(s

t) + (1 + r∗)bgt (s
t−1)− bgt (st)− ȳ −Nt(st) = 0 (2.13b)

(3) I recover the optimal path for δt(s
t) from (2.11a)10 and µlt(s

t) or µut(s
t) from

(2.11c).

2.4.1 Ramsey Problem

Let me define a feasible allocation at t as xt = (ct(s
t)). And X = {xt}∞t=0 as the

sequence of allocations for the whole time path. In the same way, I define a fiscal

policy to a particular t as φt =
(
τt(s

t), gt(s
t), bgt (s

t), Nt(st)
)

and the respective time

path sequence as Φ = {φt}∞t=0.

Definition 1: A Competitive Equilibrium to this small open economy, considering

the pattern of realizations of Nt(st) and the initial government indebtedness bg−1, are

sequences of fiscal policy Φ and feasible allocations X, such that: i) given a fiscal

policy, the feasible allocation solves the representative household’s problem; ii) given

a feasible allocation, the fiscal policy satisfies government’s budget constraint; iii)

the domestic and the rest-of-the-world feasibility constraints’ hold.

Definition 2: The Ramsey Problem to this economy, considering the pattern of

realizations of Nt(s
t), is to choose allocations from the set of Competitive Equilibria,

such that the government maximizes the objective function E0

∑∞
t=0 β

t{[u(ct(s
t)) +

z(gt(s
t))], subject to the government implementability constraint (that encompasses

the households one)11.

10I can equally recover δt(s
t) from (2.11b).

11From the household budget constraint, τt(s
t) = 1 − ct(s

t)
yt(st)

. But under the Ramsey primal

approach, plugging this expression for τt(s
t) in the household budget constraint delivers that

ct(s
t) = ct(s

t). Then, to include the household implementability constraint in the Ramsey problem

is useless to this problem specifically.
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2.5 Quantitative Exercise

This section aims to develop a quantitative exercise to analyze optimal fiscal policy

response to an exhaustible windfall of natural resources. I will abbreviate the no-

tation whenever possible since no prejudice to the understanding of the derivations

appears.

2.5.1 Calibration and Estimation Approach

I assume that the representative household’s utility function (and of the benevolent

government) is additively separable in time and isoelastic in private and public

consumption.

u(c, g) =
cσc+1 − 1

σc + 1
+ ψg

gσg+1 − 1

σg + 1
(2.14)

where σc and σg are negative and ψg is positive. The absolute value of σc and σg

measures the constant relative risk aversion and ψg captures the relative importance

between government and private consumption. The coefficient of relative prudence

is constant and equal to 1 − σc, that is greater than zero. It means the optimal

policy dealing with uncertainty regarding future revenues is prompted to save more

today to avoid the effect of successive adverse chocks. By the Jensen’s Inequality,

Et[u
′(ct+1)] > u′(Et(ct+1)). From this and equations (2.11a) and (2.11c):

u′(ct) > β(1 + r∗)u′(Et(ct+1))− µlt(st) + µut(s
t) (2.15)

Under the assumption that β(1 + r∗) = 1, equation (2.15) implies an expected

upward shift trajectory for consumption (ct < Et(ct+1)), provided optimal asset is

inside the boundaries [M , M ].

The steady-state in the scenario without oil windfall matches the Brazilian economy

data, from 2000 to 2015, adjusted to the absence of capital. I normalize the gross

domestic product (GDP) in steady-state to 100, with ȳ = 99 and Nt = n = 1. I

assume T = 70 and that the initial debt position is 65% of the GDP.

Regarding the windfall, I suppose a shift in the oil revenue to GDP ratio from 1%

to approximately 9%. Under this assumption, the participation of oil revenue in the

federal government revenue (excluding social security) would increase from 4.2% to
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30.6%. A country is classified as resource-rich in the literature when more than 20%

of fiscal revenues or exports is based on natural resources. Additionally, after T , oil

revenue varies between 0.54% and 1.60% of GDP in steady-state. I assume T = 70

and, as in the model without a windfall, the initial debt position is set at 65% of

GDP.

Table 2.1: Parameters calibration

β r∗ ψg σc σg µ̄ ¯̄µ ρ σNε n n

0.95 0.0526 0.5565 -0.5 -0.5 3.5 0.35 0.65 0.072 0.54 1.60

The estimation approach attempts to solve a model that deals with a structural

break at time T . I suppose the period at which the break occurs is known (see

Figure 2.1). The general case accounts for the possibility of more than one break

and unknown break periods.

Figure 2.1: PEA estimation and structural break

A common approach in the literature to deal with this concern is to assume that after

T any uncertainty disappears. Bems and Carvalho Filho (2011) solve the problem

with the dynamic program approach. First, they solve forward the deterministic

period (from T + 1 on). Then, facing a value function with only BT+1 as a state

variable, they do a grid on the value of BT+1. Then, they solve backward from T to

0 to obtain the optimal solution trajectories. IMF (2015) adapted the Carroll (2006)

endogenous gridpoint method to solve the problem without detailing its approach.
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The problem I propose to solve is more general as I do not stand on the deterministic

environment after period T . The approach I follow is an application of PEA to solve

rational expectation models with structural breaks. In this specific application,

once agents know that in period T there will occur a shift in the level of one state

variable, they need to incorporate this information when forming expectations in

the period before that change. The solution to link the pre and post-structural

break periods includes one additional state variable (time) when solving forward

up to T . Then, I take the asset state variable’s value at time T (BT ) to solve

forward from the period T + 1. With the risk of notation abuse, let me call this a

forward{0,T}-forward{T+1,∞} approach.

In practice, I parameterize Φi(Xt(st), ωpea) in a three-step approach. First, I solve

the problem before time T , to approximate Φ1(Xt(st), ω
1
pea), implementing 550 sim-

ulations of size 70 (this is the period oil windfall lasts). I extract two results from

this first step: (i) the mean across samples of ω1
pea; (ii) and the mean of debt position

at time T , bgT . In the second step, I implement 10, 000 simulations to approximate

Φ2(Xt(st), ω
2
pea), taking bgT as given (the mean from the first step). The result I

extract from this step is ω2
pea . Finally, the third step solves the whole path, con-

sisting of 1,000 simulations of size 10,000, using the estimates of ωipea I found in the

previous steps. I parameterize Φi(Xt(st), ω
i
pea) as a linear polynomial on Xt(st):

Φ1(Xt(st), ω
1
pea) = ω1

0 + ω1
1time+ ω1

2

[
(Nt −N)

N

]
+ ω1

3

[
bgt−1

M

]
(2.16a)

And

Φ2(Xt(st), ω
2
pea) = ω2

0 + ω2
1

[
(Nt − n)

n

]
+ ω2

2

[
bgt−1

M

]
(2.16b)

2.5.2 Discussing the results

In Figure 2.2, I show the simulated series to the deterministic and stochastic natural

resource processes, together with the optimal allocation of private consumption and

the optimal fiscal policy response12. The primary fiscal balance and trade balance

variables are the same in this simple model. The same applies to the relation between

the overall fiscal balance and the current account. I show the results up to period

800 to highlight the most important features.

12To the stochastic series, I use the means from the third step described in the previous para-

graph. By the law of large numbers, the difference between the blue and black lines in the oil

revenue panel is almost imperceptible.
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First, let me comment on some aspects concerning the deterministic model. In the

absence of a natural resource windfall, the optimal policy is to keep the initial debt

position (dotted blue line) and smooth the allocations and fiscal policy paths. The

implications for optimal policy, when challenging a natural resource revenue windfall,

are the following: implement an austere fiscal policy with positive primary balance

during the windfall; sustain a higher level of public expenditure, as government gains

fiscal space; repay public debt up to obtain a relevant asset position; and reduce the

tax charge on the non-resource sector. Consequently, the latter induces an increase in

private consumption, given the perfect correlation between tax and consumption in

the household budget constraint. Under the optimal policy, the government ensures

an asset position sufficient to sustain, after the windfall, a smoothing policy in tax

and private and public consumption.

Regarding the presence of uncertainty in the resource revenue, the upward paths

in the stochastic series of consumption and public expenditure potentially highlight

that the model captures the precautionary saving motive in the right way. However,

in the scenario with a windfall, this upward behavior reverts once that windfall

ceases. Here, precautionary saving is fundamental to allow for the accumulation of

assets, turning possible an optimal policy that targets a high level of public and

private consumption at the price of a more austere policy in the first years.

The dotted black line refers to the model with uncertainty but no windfall. I solve

this model without the necessity to deal with a structural break. The model predicts

well an upward path for consumption and the accumulation of assets to cope with

volatility. After debt repayment, the government sustains an asset position sufficient

to guarantee policy smoothness in the long run, with a consumption level above the

deterministic model without a windfall. It is possible due to precautionary saving.

In the model under uncertainty and windfall, the solid black line, the simulation

points to an upward shift in the tax variable and a downward shift in the consump-

tion and public expenditures simultaneously to the oil windfall exhaustion. When

facing a lower level of resource revenue, the government immediately increases tax-

ation on the non-resource sector and reduces public spending. The primary bal-

ance panel shows that the optimal policy is to proceed with an austere policy until

accumulating a robust asset position, reverting to imbalanced outcomes from the

thirty-third year. Due to the accumulated assets, the austere policy allows for a

positive overall balance until the windfall term.
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Figure 2.2: Simulated trajectories
Solid and dotted blue lines correspond to the deterministic model with and

without the windfall. The same to black lines, but to the stochastic model.

87



The optimal policy provides a transition with several years (before and after the

windfall exhaustion) of a significantly higher public and private consumption level

compared to the model without uncertainty, possible through the precautionary

saving. Additionally, a higher level of public and private consumption in the model

with uncertainty also prevails in the long-run equilibrium.

Figure 2.3 decomposes the destination of the additional natural resource revenue

source. The change in the primary balance starts responding for about 50% percent

of that additional oil revenue but follows a downward trend. From period 22, the

primary balance in the model with windfall becomes smaller than the one prevailing

in the absence of windfall. This result reflects the accumulation of financial assets

due to the windfall, allowing the possibility to conjugate a lower level of primary

fiscal balance with a reduction of taxation in the non-resource sector and increased

public expenditure.

Figure 2.3: Decomposition of changes on resource revenue during the windfall

The standard measure of precautionary saving in the literature refers to the differ-

ence between the asset accumulation paths under the stochastic and deterministic

models. The asset accumulation in the deterministic model has an association with

an intergenerational distribution fund. Moreover, the additional asset accumulation

verified in the stochastic model refers to a liquid/stabilization fund to deal with

volatility in the resource revenue. Note that the model by itself does not distinguish

between the two types of funds. For example, all the assets can be held abroad in a

sovereign wealth fund.
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Figure 2.4 shows precautionary saving for two models: one at which a country

benefits from a natural resource windfall; and the other in the absence of such a

windfall. The optimal policy guides to a more robust wealth accumulation when

challenging a windfall. This wealth peaks in period 64, at a level almost 14 times

higher than in the model without a windfall. This higher asset accumulation persists

for an extended period (up to 636).

Figure 2.4: Precautionary saving in the models with and without a windfall

2.5.3 Sensitivity Analysis

In the previous subsection, I showed that the optimal policy response supports

the accumulation of financial assets to cope with volatility in the natural resource

revenue process. The precautionary saving is still more relevant whether a country

challenges a windfall. Constraining access to financial markets has a direct impact

on a country’s possibility to smooth consumption. Figure 2.5 shows the sensitivity

to alternative debt limits to the model with a windfall.

Reducing these limits implies a lower level of attainable asset accumulation. Fur-

thermore, this imposes a negative externality on the consumption pattern of the

generations following the windfall period. When the windfall ceases, the immediate

drop in consumption is about 0.75% in the baseline model. The reduction reaches

4.90% and 7.68% when facing debt limits of +/ − 350 and +/ − 200, respectively.

89



In the long term, the equilibrium consumption in the baseline model is 0.45% and

0.85% higher than those under those alternative debt limits. During the whole tran-

sition, the consumption difference between the baseline and the one with a debt

limit of +/ − 350 accumulates almost 12 times the output. This number increases

to about 18 when the debt limit reduces to +/− 200.

Figure 2.5: Sensitivity to debt limits parameter

Figure 6 presents the sensitivity to the persistence parameter of the natural re-

source process. The impact is tiny, but pointing that a higher persistence parameter

constrains the level of assets the optimal policy can achieve at the windfall term.

Concerning consumption, a higher persistence implies a higher departure from the

baseline model in the whole path. As a result of a lower level of asset accumula-

tion, the higher persistence parameter implies a lower consumption in the periods

surrounding the time at which the windfall ceases. These findings do not contradict

the rationale that a higher level of precautionary saving due to the longer duration

of the shocks follows a higher persistence parameter of the resource revenue process.

Note that in the long-run equilibrium, the solid black line (ρ = 0.95) exhibits a tiny

higher level of asset accumulation and consumption than the baseline model (and

also the model parameterized with ρ = 0.80).
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Figure 2.6: Sensitivity to the natural resource persistence parameter

The asset accumulation dynamics relates to the preference parameters on private

and public consumption, respectively, σc and σg. Considering the type of CRRA

utility used to calibrate the model, the coefficient of relative prudence increases

with the preference parameters’ absolute values. So then, I should expect a higher

precautionary saving when increasing the absolute value of those parameters.

In Figure 7, one observes that an increase in the absolute value to 2 implies an

acceleration in the asset accumulation along the first years of the windfall. It sustains

a higher level of consumption during that period. This increase in the precautionary

saving does not translate to a higher asset accumulation than the baseline model.

The convergence to the long-run equilibrium occurs relatively quickly, with a lower

level of financial assets, translating to the level of consumption in equilibrium.

The sensitivity to smaller preference parameters (in absolute values) delivers a lower

financial assets level in the years preceding the windfall term. However, the peak of

asset accumulation surpasses the parametrization under the preference parameters

absolute values equal to 2. Thus, the transition to the long-run equilibrium allows

for an extended period of higher consumption than the model with parameters equal

to 2. Indeed, in steady-state, the levels of assets and consumption are higher than

the baseline model (tiny in the graph due to the slight difference of the preference

parameters compared to the baseline).
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Figure 2.7: Sensitivity to the preference parameters σc and σg

The last sensitivity performed is on the subjective discount factor. As in the case

for the preference parameters σc and σg, the interpretation is not trivial. Changes in

the discount factor have two forces in opposite directions: a lower(higher) β implies

an increase(a decrease) in consumption as well as a decrease (an increase) in savings.

The interest rate in the risk-free bonds increases (decreases). And the precautionary

saving increases (decreases) due to a higher (lower) income dependence on the un-

certain resource revenue. The net effect when reducing the baseline discount factor

to 0.94 is a less intensive propensity to save compensated by a higher precaution-

ary saving that allows a long-term level of consumption higher than in the baseline

model. In the case of an increase in β, the net effect points to a tiny increase in

the propensity to accumulate assets and a tiny decrease in consumption in the first

windfall years. The lower precautionary saving causes a relevant drop-down in the

level of consumption in the post-windfall period.

Figure 2.8: Sensitivity to the subjective discount factor
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2.6 Final Remarks

I proposed applying the Parameterized Expectation Approach (PEA) to solve an

infinite-horizon stochastic problem in this work. The goal was to analyze optimal

fiscal policy in an environment where a country faces a temporary revenue wind-

fall from a natural resource. The main concern was about optimal spending and

savings behaviors to fairly distribute the windfall across generations. The most ac-

knowledged model in the literature is adherent to the permanent income hypothesis

theory, to which optimal policy implies smoothing consumption and the accumula-

tion of assets abroad in an intergenerational fund.

The majority of literature does not model uncertainty when assessing the implica-

tions of a revenue windfall. Up to my knowledge, Engel and Valdés (2000) were

the first to include uncertainty in the analysis. More recently, other contributions

appeared regarding assessing the government’s precautionary saving due to uncer-

tainty (almost always on the natural resource price) and the necessity to raise a

liquidity/stabilization fund. Another branch of the recent literature analyzes the

role of domestic capital assets (public and private), mainly to promote the non-

resource sector. The implication is that resource-rich countries that face capital

scarcity and absorption constraints should raise an investment fund.

The model I proposed in this work is standard in the literature. The strategy to start

with this basic setup serves to evaluate the adherence of the approach I proposed

in reproducing the optimal policy response commonly found in the literature. A

direct comparison is not perfect, given that here I considered that uncertainty lasts

to the whole time path, while in the literature, the standard approach assumes that

uncertainty disappears in a finite moment in time.

I leave for future research to extend the model to capture aspects particular to the

Brazilian economy. First, considering that the relevant debt position is held on

domestic bonds and the asset position on international reserves at the central bank.

Then, contextualizing the challenging fiscal environment with around 90% of public

expenditures on the federal budget being mandatory and the other 10% including

sectoral subsidies, investment, and contingency reserves.

Regarding the first point, there are two fundamental aspects to highlight. One refers

to the interest rate differential between debt and asset positions, with interest on
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debt meaningfully higher. The other is about optimal policy reduction of the net

debt position. On one side, the amortization of liabilities reduces the charge of

interest payments in the public finance but potentially implies an appreciation of

the exchange rate and, consequently, adverse effects on the non-resource tradable

sector (”Dutch Disease”). On the other side, accumulating reserves at the central

bank or even investing abroad avoids concerns about the exchange rate and the

tradable sector but does not reduce the weight that the interest on debt plays on

the government budget.

The second point, about the weight of mandatory spendings, implies that I can

abstract from endogenizing public consumption but instead assume a stochastic

exogenous process to that spending (generating or not generating utility to the

agent) and include the nonmandatory expenditures in the production function of

the non-resource sector (infrastructure, health and education investments). Under

this assumption, the policy adjustment to the natural resource’s post-exhaustibility

is more implementable (reduce mandatory expenditures is hard). Another departure

from the usual literature assumptions would be considering the household’s labor

choice impact on the economic dynamics.
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Appendix: Short-run Dynamics: primary oil

revenue and international oil price

This appendix introduces the short-run dynamics of the Brazilian primary oil rev-

enue regarding oil production and the international oil price. Figure A.1 plots

together quarterly data on primary oil revenue, WTI international oil price, and oil

production13.

Figure A.1: international oil price and Brazilian oil revenue and oil production

It is suggestive that the WTI and the primary oil revenue behavior are very related.

However, this relation is not clear between WTI and oil production. The coefficient

of variation of the oil revenue is 60%, while those of WTI and production are,

respectively, 45% and 21%. The international prices’ behavior is crucial to producers

in elaborating the medium and long-run business plan since the expected future price

is a fundamental variable to determine competitive projects’ economic viability. In

the short run, the production is less responsive to shocks in the oil price. A direct

implication is that oil price uncertainty predominates over the production one in the

short-run dynamic.

13Due to data availability, the primary revenue here includes only royalties, special participa-

tion on production, economic contribution (Cide-Combust́ıveis), signing bonuses and retention

payments to areas of production and exploration.
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I explore this dynamic using a VAR(1) on the variables oil price and primary oil

revenue14. The identification comes with the following steps:

• Revenue does not affect contemporaneously the oil price;

• Impulse response functions (IRFs) under a Cholesky decomposition

approach.

The IRFs are in Figure A.2. The revenue response to a shock in the international

oil price reflects that the oil tax base is highly referenced on the international oil

price. The accumulated response of the variation on oil primary revenue is around

13% to a shock of one standard deviation in the variation of WTI price (to this

sample 15%). Notwithstanding, the absorption of this shock is almost immediate

and disappears after the third quarter. I observe the same absorption pattern in the

oil revenue dynamics after its shock.

Figure A.2: IRFs: primary oil revenue and oil price

This exercise highlights why the resource production path is not usually the object

of uncertainty analysis in the literature. Instead, the focus is predominantly on the

volatility of international prices.

14Actually, I started with a VAR(1) including, additionally, oil production, oil trade balance,

and GDP. However, I opted to show this parsimonious result founded on the block exogeneity

test concerning these variables. In both cases, I chose the VAR order optimally based on the BIC

criterion.
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Chapter 3

The Impact of Public

Expenditures on Happiness:

evidence from the Brazilian States

3.1 Introduction

This chapter concerns the analysis of public expenditures’ impact on people’s hap-

piness in the Brazilian States. The rationale is that happiness depends on a set of

events, like job, earn, health, leisure, education, security, urban mobility. Through

the allocative role of the public sector, governments can take actions that impact

the way people experience the realization of these kinds of events. For example, a

government can allocate resources to the construction of hospitals, which will allow

people to reduce the time in the line for surgery. In turn, it will positively impact

people’s feelings of happiness. Concerning security, the role of government actions is

more prominent, given that this is a pure public good (people cannot fight against

crime on their own).

From a theoretical perspective, one can think about a society in which agents derive

utility from both private and public goods, an assumption that is quite reasonable.

One approach to measuring how important public goods are on individuals’ utility is

to evaluate their degree of happiness. There is literature support to the assumption

that subjective well-being (SWB) is a proxy for utility. Rabin (1998) connects

happiness and experienced utility, with the last representing the pleasure derived
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from consumption (Kahneman and Thaler, 1991). Benjamin, Heffetz, Kimball and

Rees-Jones (2012) show evidence, from a laboratory study, that individuals’ choices

are oriented to optimize their SWB. Liberini, Redoano and Proto (2017) use SWB

measure as a proxy for the utility to analyze individuals voter’s behavior.

Except for data availability, there is no restriction working on Federal, States or

Municipalities levels. However, I should consider that, depending on the government

sphere, there are important aspects regarding the fiscal federalism framework to

keep in consideration. For example, in the case of Brazil, the Federal government

is the main responsible for financing the Social Security System (social insurance,

social assistance, and health). Therefore, even though States and Municipalities can

structure their social insurance policy raising statutory regimes for civil servants and

implementing social assistance programs (like cash transfers to poor people), it is

not a high amount compared to federal spending.

Regarding health and education spending, the three spheres should follow consti-

tutional rules that establish a minimum amount of financing according to primary

revenues. In the case of security spending, constitutional attributions to each level

determine the importance of this category in the public administrations’ budget

at each government level. The Municipalities’ role is very delimited, which makes

security spending relatively low. Among the three levels of government, spending

on security weighs more on the States’ public finance. Spending on infrastructure

is challenging at any government level. The reason is that spending on mandatory

expenditures (social insurance, health, education, payroll, for example) and public

debt heavily squeeze the governments’ budget.

The literature about the impact of public expenditures on happiness (or any other

measure of SWB) has increased from 2000. And panel data studies, particularly

from the 2010s decade. The evidence is ambiguous in both the cross-sectional or

the panel data approach.

Bjornskov, Dreher and Fischer (2007) find evidence of a negative impact of overall

government consumption spending on individual life satisfaction in a cross-sectional

study of 74 countries (see also Ovaska and Takashima, 2006; and Yamamura, 2009).

However, when considering capital formation and welfare spending, they find a null

impact on life satisfaction. The authors work with data on the central government

and mention that it is impossible to extrapolate the conclusions to subnational

governments.
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Kacapyr (2008) reports a non-significant impact of government expenditures as a

share of GDP on life satisfaction in a cross-section of 63 countries in the 1990s.

Ram (2009) finds no significant effect of government consumption on happiness. He

stresses that the sign is indeed positive even that not significant, being concerned

about policy recommendations that one can derive from results that point to a neg-

ative association, like in Bjornskov et al. (2007). Ott (2010 and 2011), grounded

on a comparison of 127 and 130 countries in 2006, finds that positive correlations

between government expenditures and happiness depends on the government’s tech-

nical quality (a measure of governance).

The cross-section literature on specific categories of public expenditures, as for the

aggregate concept, also offers ambiguous results. Ono and Lee (2013) study 29

countries with 2002 data and do not find evidence that social-related public expen-

ditures increase happiness, even that social democratic welfare states use that ex-

penditure to redistribute happiness across citizens groups (see also Veenhoven,2000;

and Ouweneel, 2002). O’Connnor (2017) supports a positive association between

social protection expenditures and life satisfaction on a cross-section data for 104

countries averaged over 2005-2012 (see also Kotakorpi and Laamanen, 2010; and

Flavin, Pacek and Radcliff, 2011).

Livani and Graham (2018) assess how social protection programs impact subjective

well-being in Iraq with 2012 data. Their findings support that the relationship

differs according to the type of social protection programs. For example, pensions

and programs directed to all citizens seem to have a null impact for citizens in general

but a positive one for the poorest people. In turn, programs related to individuals’

disadvantages aspects show negative signs. Rodŕıguez-Pose and Maslauskaite (2012)

find evidence on the negative impact of total government expenditures on happiness

in 10 Central and Eastern European countries. For specific spending categories,

they find a positive effect of health care, unemployment benefits and pensions, once

controlling for corruption in 1999. However, their findings for the last two types of

expenditures do not hold in 2008.

Concerning panel data studies, Perovic and Golem (2010) find a positive impact

of government expenditures on happiness for 13 transition economies from Central

and Eastern Europe (see also Kasmaoui and Bourhaba, 2017). Regarding specific

expenditures categories, Di Tella, MacCulloch and Oswald (2003) find a positive

impact of unemployment benefits on well-being for European countries over 1975-

1992 (see also Pacek and Radcliff, 2008; and Flavin, Pacek and Radcliff, 2014). Knoll
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and Pitlik (2016) study 25 European countries from 2002 to 2012 and find a null

or negative impact of government expenditures categories (total, health, education,

and social protection) on well-being, with this impact being worse to high-income

groups.

Hessami (2010) studies the relationship between government spending and well-

being for 12 European countries during 1990-2000 and finds mixed evidence. He

finds an inverse U-shape relation when analyzing total expenditures (positive linear

term impact and negative quadratic term impact). As for specific categories, his

findings suggest that while education and social protection positively impact the

well-being, this does not hold regarding health expenditures (see also Kiya, 2012).

Nordheim and Martinussem (2020) study the effects of social spending on life sat-

isfaction in OECD countries between 1980-2012, finding a null correlation when

analyzing total expenditures. In contrast, when analyzing distinct categories, the

evidence is mixed. They find a positive impact for health care and poverty reduction-

related spending and a negative one for unemployment benefits and active labor

market programs (see also Flavin, 2019).

In this chapter, I propose a two-steps approach to work with cross-sectional surveys

that, on successive releases, draw new and independent samples. First, I regress

individuals’ self-reported happiness on objective variables, using microdata from

Latinobarómetro. Then, in the second step, I regress the States’ averaged residuals

of life-satisfaction from the first step on distinct categories of public expenditures

and control variables.

This approach differs from the previous studies using panel data for not treating

different individuals from each round of cross-sectional surveys as equal ones to pro-

ceed with the panel data method. The two-steps approach allows me to implement

a panel on States nor individuals. Once States are the same, prevails the panel

analysis in the strict sense1.

The chapter contributes to the incipient literature that assesses the relationship

between distinct categories of public expenditures and happiness using panel data.

1In the Eurobarometer FAQ, one of the questions is about the longitudinal/panel characteristic

of the survey (which applies to the Latinobarómetro and other similar surveys). The answer

is the following: “The Eurobarometer is a series of cross-sectional surveys. For each round, a

completely new and independent sample is drawn. As a consequence, panel analyses in the strict

sense are possible only for aggregated data.” Available on (question 7): https://www.gesis.org/

en/eurobarometer-data-service/faq
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The main findings suggest a negative effect (at most null) of States’ spending, both at

the aggregate level and disaggregating on security, education, health, infrastructure,

and other expenditures. Furthermore, these findings are robust to the exclusion

of some controls grounded on multicollinearity analysis and the method used to

estimate the model (fixed effects, random effects, pooled, and between estimators).

Following this introduction and literature review, I organize this work into five

sections. Section 3.2 describes the data, and the 3rd section brings the methodology.

I present the main empirical results in section 3.4. In Section 3.5, I proceed with

some robustness checks. The 6th section concludes this paper. The tables and

figures are all in the Appendix.

3.2 Data Description

Nowadays, there is no availability of a panel survey on happiness in Brazil. Lati-

nobarómetro applies annually a cross-sectional survey in Latin American countries.

Specifically, data on happiness (or life satisfaction) started in 1997. However, at

least in the case of Brazil, until 2002, the sampling design did not include a coun-

trywide representative sample. Other institutional alternatives, free of charge, were

considered at the beginning. The Interamerican Development Bank (IDB) has data

on happiness only from 2005, and the World Value Survey (WVS) allows me to

work with data for the 2006 and 2015 waves. Considering these restrictions, I work

with Latinobarómetro data that comprehends 2002-2013, except 2012 (survey not

conducted). See Table A.1 for a list of variables that I use from Latinobarómetro.

Regarding public expenditures at the States-level, I use annual data from the Brazil-

ian National Treasury. Due to legal statements, all government spheres need to pub-

lish lots of information regarding revenues and expenditures. I use the functional

classification on the expenditure side, which presents data according to the spending

characteristics, like security and education. Since 2002, these expenditures are clas-

sified into 28 distinct functions. After analyzing their relative individual importance

and aggregating some related categories, I elect to work with four main government

functions: security, education, health, and infrastructure.

The first three are individual functions, while the infrastructure includes spending

on urbanization, housing, sanitation, transport, communication, and energy. Also, I
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include in the analysis, for completeness, two additional categories: other and total

expenditures. It is important to mention that I am not considering public debt

spending (both amortization and interest). All expenditure data are in per capta

2013 value. First, I inflated nominal expenditures to 2013 real value by the General

Price Index (IGP-DI), produced by the Brazilian Institute of Economics - Getulio

Vargas Foundation (IBRE-FGV). Then, I divided by each States’ populations from

the Annual Population Estimates (2002 to 2013, except 2010) and Population Cen-

sus (2010), both produced by the Brazilian National Institute of Geography and

Statistics (IBGE).

Another source of data for this work comes from the National Household Sample

Survey (PNAD) and the Regional Accounts, the last specifically to States’ GDP,

both available by the IBGE. The data I use from IBGE are relevant in the analysis

between expenditures and happiness to control factors that can become a confounder

on identifying the expenditures’ impact. Among candidates to controls, some would

be interesting but are not available to all Brazilian States (unemployment rate and

inflation) and a considerable time horizon (inequality). While unemployment rate

and inflation are available only to the main metropolitan areas from some repre-

sentative States of the Brazilian regions, the inequality indicator is available only

every ten years in the Population Census. Considering this constraint, I construct

some variables using annual microdata from PNAD, 2002 to 2013 (except 2010),

and Population Census (2010). See Table A.1 for a description of these variables.

In Table A.2, I present the sample size regarding IBGE and Latinobarómetro data.

Acre is the only State to which there is no observation in the Latinobarómetro annual

survey. Amapá and Roraima were included only in one annual survey, and Mato

Grosso do Sul in six surveys. Regarding the PNAD, the sample includes households

(and individuals) from all the Brazilian States. The same is true in the case of the

Population Census. Note that when I refer to the sample in the Census case, it is

specifically about the sample results of the decennial Census. These results come

from the application of a more detailed questionnaire on a sample of households and

individuals. Beyond this sample questionnaire, there is a basic questionnaire that

covers all the population.
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3.3 Methodological Description

The empirical analysis proceeds into two steps. In the first step, I run at each year

(11 in total) a cross-sectional regression (OLS estimator) of life satisfaction on some

individual objective variables (see the descriptions in Table A.1). At this stage, I use

only Latinobarómetro data. Then, I store the residuals from these regressions, which

I call res lifesat. Finally, I collapse the average regressions’ residuals (res lifesat)

by States. This first step delivers a total of 261 observations on 26 Brazilian States.

In the second step, I work with data at States-level, using the panel data approach.

I have observations for 26 States and 11 years. The main interest is to evaluate the

impact of public expenditure on happiness. To this goal, I estimate the following

specification:

res lifesatit = αi + βxitβxitβxit + γzitγzitγzit + εit

where:

i = 1,...,26 are the individual States and t=1,...,11 are the time index;

αi are random States-specific effects;

βββ is a vector 1xk of parameters on the public expenditure kX1 vector xxxit;

γγγ is a vector 1xm of parameters on the set of mX1 control variables zzzit;

εit is a white-noise term that represents idiosyncratic shocks on State i at time t.

Even considering that the panel fixed-effects empirical model is better suitable to

this chapter’s research interest, I do not discard other kinds of specifications at

the outset. Then, I also perform, for completeness and robustness checks, OLS

and FGLS pooled regressions, random-effects regressions, and between-estimator

regressions. This procedure aims to verify whether the main findings based on a

specific model specification are sensitive to other alternative approaches.

I am not concerned about reverse causality between (residual) life satisfaction and

government expenditures due to two main reasons. First, government actions need

to respect budget constraints. The reality of the Brazilian States’ public finance

environment is of great difficulty in finding fiscal space to accommodate additional

demands. Second, currently, there is no regular survey conducted on the Brazilian

States that focuses on evaluating the impact of distinct categories of public expendi-

tures on individual happiness. One can rationalize the role of this kind of survey as

a source of information to the incumbent government to reallocate spending across
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distinct functions to get benefits, like government approval and the maintenance of

a political coalition in power (including reelection).

Regarding the omitted variable bias, I should care about it. The problem is that

I do not have much flexibility to include other relevant variables in the analysis.

Notwithstanding, working with States within the same country reduces the im-

pact of omitting some important variables like inflation and unemployment. These

restrictions bias the understanding that the fixed-effects panel approach is more ap-

propriate to address the research proposal. In the end, I show that the results are

robust to any method I use to estimate the parameters.

3.4 Empirical Results

Before analyzing the regressions’ results, let me make general considerations about

the pattern of States’ expenditures both across years (Figure A.1) and regions (Fig-

ure A.2) in Brazil. Across years, the average spending on security, education, health,

and infrastructure responds to 57% of States’ expenditures. From which education

and health are, respectively, 21% and 15%. The general pattern presents a non-

monotonically but slightly increase in the distinct categories of per capta public

spending across years. Also, education and health show a relatively lower variance

than the other groups, given that these expenditures have their behavior dictated

by legal rules that establish a minimum percentage of these expenditures regarding

States’ revenues.

Regarding regional patterns, the Midwest (MW) presents the most relevant volatil-

ity, except for security. It is notable also that the Northeast (NE) region is the

one that, in general, has the lowest medians in the distinct categories. Indeed, this

region shows relatively low dispersion, together with the South (SO). Notwithstand-

ing, while the NE is the region that concentrates the massive poor population in

Brazil, the SO is the less unequal region, according to the PNAD 2014. The North

(NO) and Southeast (SE) are intermediate cases, with the NO being more closely

related to NE and SE to SO.

The first-step regressions results are in Table A.3. The goal here is to extract the

variation in life satisfaction regarding objective variables. The constraint is that the

availability of this kind of variable in the Latinobarómetro survey is relatively small
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compared with the number of subjective measures surveyed. Therefore, I include

the variables surveyed with continuity of at least a couple of years in the first-step

regressions.

The degree of adjustment, measured by the R2, is pretty low (around 4.0% across

the years). In general, all the explanatory variables play some significant effects

on life satisfaction, yet not present in all the years (except the individuals’ age).

Figure A.3 shows the (residual) life satisfaction relationship with distinct categories

of public expenditures, averaged over 2002-2013. A first look suggests the absence

of a clear directional relation whatever spending category one considers.

In Table A.4, I present the results of the second step, grounded on a fixed-effect

panel specification. First, I estimate the most general model in which I include all

expenditures and control variables (second column). Then, I move on to show the

results to specifications that include each of the expenditure categories. Indeed,

model (7) considers total public expenditures (net of debt). All the results consider

standard error corrections to challenge the potential Moulton problem (Moulton,

1986) and correlations concerns in the context of few clusters (Liang and Zeger,

1986; Donald and Lang, 2007), which improves statistical inferences reliability in

this kind of applications. The first relevant finding is that only the control over the

percentage of households with bathrooms is statistically significant. Concerning the

main question I propose to challenge in this work, the first model suggests no impact

of public expenditures, in general, on average life satisfaction at States-level. Models

from (2) to (7) suggest a negative sign at the distinct public spending categories.

Model (7) goes beyond any distinction of expenditure’s functional classification.

3.5 Robustness checks

To perform some robustness checks, let me consider potential multicollinearity prob-

lems regarding both expenditures and controls. Table A.5 presents the bivariate

correlations. The first part of the table shows high levels of correlation between dis-

tinct expenditures functional classifications. In the second part of the table, there

are the bivariate correlations among the controls. The main concerns with this part

are the high levels of correlations among the infrastructure controls (water, wc,

garbage and electric).
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Deepening the analysis, I show in Table A.6 the Variance Inflation Factor (VIF)

multicollinearity test, to which I implement an OLS regression. There is no wide

consensus about the level of VIF that can guide conclusions on multicollinearity. The

rule-of-thumb is that a VIF superior to ten and a mean VIF meaningfully greater

than one can justify concerns about the problem (Chatterjee and Hadi, 2012). The

left side of the table confirms the suspicion about a high level of collinearity. It is true

for expenditures when including all the categories together, and some infrastructure

variables, mainly on garbage and wc. Note that in the case I work with models that

include the distinct expenditures alone, the concerns about multicollinearity become

a constrain only on the controls. On the right side of the table I exclude garbage

and wc from the analysis. Again, the evidence is that working with individual

expenditures categories is a better identification option.

After considering this multicollinearity brief analysis, I replicate the model specifi-

cation of Table A.4, except that I exclude the infrastructure variables garbage and

wc from the controls. I keep the first model specification just for comparability.

Note that the sign and magnitude of the estimates on expenditures coefficients are

very robust to those of Table A.4. Indeed, no improvement in the power of the

remaining controls in terms of statistical significance. The results are in Table A.7.

Ahead with some robustness check, I replicate Table A.4, again excluding variables

garbage and wc, but allowing for other methods than not just the fixed-effect

approach. I show the results to each expenditure category and total expenditure

on Tables A.8 to A.14. The main message, regarding the sign and significance, is

the same from Table A.4, which points in general to a negative impact of public

spending when I constrain the analysis including distinct expenditures categories

individually, which seems more appropriate from the multicollinearity analysis. The

last robustness check is concerning the inclusion of time dummies variables. The

conclusions still stay the same. To avoid another bunch of tables, I do not attach

the results. They are available upon request.

3.6 Final Remarks

This chapter assessed the impact of distinct categories of public expenditures on

the average happiness of Brazilian States’ citizens. To accomplish this task, I per-

formed a two-step approach due to the nonavailability of a panel survey about life
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satisfaction.

In the first step, I worked with microdata at the individuals-level, available from

Latinobarómetro annual cross-sectional surveys. First, I regressed happiness (life

satisfaction) on objective variables, like age, years of school, marital status, and

head of a family. The findings suggest a pretty low explanation power of these

objective variables on individuals’ life satisfaction, around 4%. Then, I proceeded

to collapse the average regressions’ residuals by the Brazilian States.

In the second step, I regressed the States’ averaged residuals of life-satisfaction

on distinct categories of public expenditures and control variables. I used some

controls, like the percentage of the elderly population, urban rate, and GDP per

capta. However, these controls were not that effective, at least in terms of statistical

significance. The main finding was that, in general, the impact of distinct categories

of public expenditures exhibit a negative effect (at most null) on life satisfaction in

the Brazilian States.

Theoretically, one rationale for these findings is that the Brazilian States, in gen-

eral, reached an optimum welfare state level, from which citizens’ well-being would

reduce with the increase of welfare policies. However, as peers developing countries,

Brazilian States challenge bottlenecks in different areas, like infrastructure, poverty,

health, security, and education. Therefore, an alternative explanation can pass

through inefficiencies in allocating public expenditures (Oliveira, Rocha, Duarte,

Pereira. and Gadelha, 2014; and Rocha, Oliveira, Duarte, Gadelha, and Pereira,

2017).

Concerning policy implications, these findings suggest caution on policies that aim

to transfer financial resources to subnational governments. It is suggestive that

these policies should be accompanied by mechanisms that promote the efficient use

of public resources. If this is not the case, governments can fail to improve their

citizens’ quality of life.

In future developments, it would be interesting to investigate the theoretical and

empirical implications of the application of panel data methods in annual cross-

sectional surveys instead of the two-step approach developed in this chapter. The

use of panel data methods is widespread in the literature that evaluates public ex-

penditures’ impact on life satisfaction. Another branch for future developments

concerns the design of incentive mechanisms to enhance fiscal federalism implica-

tions of economic policies that aim at financial support from federal to subnational
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governments (or from States to Municipalities).
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Appendix: Tables and Figures

Table A.1: Variables description.

Variables Description

Latinobarómetro (1st step)

lifesat Satisfaction with life (scale 1 to 4).1

age and age2 Respondent’s age and age squared.

yearseduc Years of education.

socioeconom hig

Indicator 1 if the socioeconomic

status (perception of the interviwer) is 1 and 2, in a scale from 1 to 5 in

descending order.

male Indicator 1 if male.

married Indicator 1 if married.

head
Indicator 1 if head of the

household.

student Indicator 1 if student.

selfemployed Indicator 1 if selfemployed.

retired Indicator 1 if retired.

res lifesat
Residual from the OLS regression of lifesat on: age, age2, yearseduc, socioeconom hig,

male, married, head, student, selfemployed and retired.

IBGE: PNAD and Population Census (2nd step)

lowstud Percentage of people with less than 4 years of study.

old65 Percentage of people with more than 65 years old.

formalemployment Percentage of people with formal employment2.

children Average number of alive children.

water Percentage of households with at least one room that has piped water supply.

wc Percentage of households that has a bathroom.

garbage Percentage of households with garbage collected directly or indirectly.

electric
Percentage of households with energy source used for lighting from electric network,

solar or generator power.

urban Urbanization rate.

gdppc GDP {per capta}.
Brazilian National Treasury

securityexp Security {per capta} expenditure, at 2013 value.

educationexp Education {per capta} expenditure, at 2013 value.

infrastructureexp Infrastructure {per capta} expenditure, at 2013 value.

othersexp Other {per capta}expenditures, at 2013 value.

totalexp Total {per capta} expenditure, net of public debt, at 2013 value.

1 In the survey of 2002, the question about life satisfaction was not in the questionnaire. I use the question about

happiness, defined on the same scale as life satisfaction. The surveys of 2002 and 2008 presented a question specifically

about happiness.
2 IBGE’s definition: legally employed (all employees except public servants and those in the armed forces).
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Table A.2: Surveys sample size.

Year
IBGE1 Latinobarómetro

Individuals Households Individuals

2002 385.431 129.705 1.000

2003 384.834 133.255 1.200

2004 399.354 139.157 1.204

2005 408.148 142.471 1.204

2006 410.241 145.547 1.204

2007 399.964 147.851 1.204

2008 391.868 150.591 1.204

2009 399.387 153.837 1.204

2010 6.192.332 20.635.472 1.204

2011 358.919 146.207 1.204

2013 362.554 148.696 1.204

1 For 2002-2013 (except 2010): PNAD. For 2010: Popula-

tion Census.
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Table A.3: First-step regressions estimates

Explanatory Variables 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2013

age -1.68e-02** -1.58e-02** -2.66e-02*** -2.58e-02*** -4.48e-03 -1.72e-02** -1.23e-02** -2.59e-02*** -1.61e-02*** -4.49E-03 -2.18e-02***

St. Error (8.25e-03) -7.30E-03 (6.39e-03) (7.07e-03) (6.08e-03) (7.10e-03) (5.27e-03) (6.22e-03) (5.47e-03) -6.19E-03 -6.68E-03

age2 1.76e-04* 1.54e-04** 2.50e-04*** 2.75e-04*** 4.17e-05 2.01e-04** 1.64e-04*** 2.96e-04*** 1.99e-04*** 6.09E-05 2.08e-04***

St. Error (9.34e-05) -7.79E-05 (6.95e-05) (8.07e-05) (6.40e-05) (7.96e-05) (5.70e-05) (6.77e-05) (6.29e-05) -6.72E-05 -7.42E-05

yearseduc -6.25e-03 -2.54e-02*** -2.18e-02*** -7.90e-03 -9.12e-03 1.27e-03 -5.99e-03 9.16e-03 1.25e-03 -1.03E-03 -2.79E-03

St. Error (7.89e-03) -7.37E-03 (6.68e-03) (6.66e-03) (6.28e-03) (5.95e-03) (4.98e-03) (6.18e-03) (5.18e-03) -4.97E-03 -5.79E-03

socioeconom hig 2.03e-01*** 1.18e-01*** 1.85e-01*** 9.71e-02** 3.32e-02 1.40e-01*** 1.29e-01*** 7.27e-02* 5.65e-02* 1.97e-01*** 7.84e-02**

St. Error (4.93e-02) -4.11E-02 (3.93e-02) (4.31e-02) (4.04e-02) (4.16e-02) (3.38e-02) (3.95e-02) (3.34e-02) -3.67E-02 -3.99E-02

male 1.17e-01** 2.12E-03 2.89e-02 2.32e-02 6.24e-02 9.21e-02** 9.11e-02** 1.80e-02 4.48e-02 4.23E-02 3.13E-02

St. Error (5.07e-02) -4.46E-02 (4.30e-02) (4.24e-02) (4.41e-02) (4.24e-02) (3.61e-02) (4.24e-02) (3.61e-02) -3.80E-02 -4.31E-02

married 7.33e-02 9.21e-02** 1.27e-01*** 9.78e-02** 4.44e-03 1.02e-01** 1.18e-02 1.50e-01*** 1.11e-01*** -1.24E-02 3.15E-02

St. Error (4.97e-02) -4.51E-02 (4.38e-02) (4.43e-02) (4.05e-02) (4.30e-02) (3.50e-02) (4.19e-02) (3.45e-02) -3.67E-02 -4.17E-02

head 4.84e-02 -4.52E-02 -3.82e-02 -6.54e-02 -6.95e-02 -7.82e-02 2.25e-02 -1.94e-02 -8.63e-02** 2.65E-02 -6.82E-02

St. Error (5.56e-02) -4.92E-02 (4.72e-02) (4.96e-02) (4.95e-02) (4.92e-02) (3.97e-02) (4.73e-02) (4.01e-02) -4.13E-02 -4.81E-02

student 4.97e-02 1.87e-01* 4.78e-02 5.73e-02 3.30e-02 2.49e-01*** -3.95e-02 1.18e-01 1.80e-01** 5.70E-02 -9.29E-02

St. Error (9.61e-02) -9.85E-02 (9.63e-02) (9.35e-02) (1.00e-01) (8.97e-02) (7.39e-02) (9.75e-02) (8.45e-02) -1.11E-01 -1.14E-01

selfemployed -1.26e-01** 6.29E-02 -2.51e-03 5.64e-03 -5.21e-02 1.86e-03 2.24e-02 3.14e-03 -3.25e-02 2.38E-02 -1.29e-01***

St. Error (4.93e-02) -4.54E-02 (4.24e-02) (4.37e-02) (4.12e-02) (4.40e-02) (3.61e-02) (4.21e-02) (3.70e-02) -3.76E-02 -4.61E-02

retired -1.02e-01 1.56e-01** 1.33e-02 -1.75e-01* 8.34e-02 2.31e-02 -1.38e-01** 2.11e-02 -1.80e-01** -3.76E-02 -3.71E-02

St. Error (1.00e-01) -7.87E-02 (7.75e-02) (9.18e-02) (7.68e-02) (8.29e-02) (6.27e-02) (8.31e-02) (7.36e-02) -6.76E-02 -7.69E-02

cons 3.07e+00*** 3.08e+00*** 3.21e+00*** 3.22e+00*** 2.94e+00*** 2.92e+00*** 2.98e+00*** 3.10e+00*** 3.10e+00*** 2.82e+00*** 3.28e+00***

St. Error (1.92e-01) -1.87E-01 (1.55e-01) (1.62e-01) (1.59e-01) (1.64e-01) (1.32e-01) (1.60e-01) (1.32e-01) -1.48E-01 -1.63E-01

R2 0.05 0.04 0.04 0.02 0.02 0.04 0.04 0.04 0.03 0.04 0.03

N 923 1,084 1,071 1,092 1,064 1,072 1,035 1,050 1,031 1,036 1,035

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Table A.4: Second-step regressions estimates

Explanatory

Variables
(1) (2) (3) (4) (5) (6) (7)

securityexp 5.42e-05 -2.48e-05**

St. Error (1.07e-04) (9.67e-06)

educationexp -1.71e-05 -1.24e-05***

St. Error (7.60e-05) (2.31e-06)

healthexp -6.90e-05 -2.23e-05***

St. Error (2.33e-04) (5.13e-06)

infrastructureexp -1.27e-05 -2.81e-05***

St. Error (1.13e-04) (5.81e-06)

othersexp 1.71e-05 -6.95e-06**

St. Error (3.86e-05) (2.42e-06)

totalexp -3.01e-06***

St. Error (7.27e-07)

lowstud -8.48e-02 -5.72e-02 -5.68e-02 -5.82e-02 -6.59e-02 -5.67e-02 -5.69e-02

St. Error (3.72e-01) (3.61e-01) (3.63e-01) (3.61e-01) (3.60e-01) (3.62e-01) -3.62E-01

old65 1.28e+00 1.32e+00 1.32e+00 1.34e+00 1.40e+00 1.29e+00 1.33E+00

St. Error (2.18e+00) (2.21e+00) (2.21e+00) (2.22e+00) (2.24e+00) (2.22e+00) -2.22E+00

formalemployment 1.36e-01 1.64e-01 1.70e-01 1.67e-01 1.56e-01 1.67e-01 1.68E-01

St. Error (5.17e-01) (5.05e-01) (5.06e-01) (5.05e-01) (5.03e-01) (5.08e-01) -5.07E-01

children -1.12e-01 -1.29e-01 -1.23e-01 -1.25e-01 -1.21e-01 -1.24e-01 -1.24E-01

St. Error (1.93e-01) (1.86e-01) (1.84e-01) (1.85e-01) (1.85e-01) (1.85e-01) -1.85E-01

water 6.96e-01 6.75e-01 6.76e-01 6.77e-01 6.78e-01 6.78e-01 6.76E-01

St. Error (6.52e-01) (6.40e-01) (6.37e-01) (6.40e-01) (6.37e-01) (6.39e-01) -6.39E-01

wc -7.59e-01* -8.77e-01* -8.64e-01* -8.55e-01* -8.27e-01 -8.75e-01* -8.65e-01*

St. Error (4.01e-01) (4.69e-01) (4.65e-01) (4.68e-01) (4.70e-01) (4.68e-01) -4.68E-01

garbage -3.88e-01 -4.34e-01 -4.24e-01 -4.33e-01 -3.99e-01 -4.44e-01 -4.31E-01

St. Error (6.51e-01) (6.17e-01) (6.19e-01) (6.23e-01) (6.15e-01) (6.25e-01) -6.23E-01

electric -6.57e-01 -4.50e-01 -4.94e-01 -4.68e-01 -5.72e-01 -4.46e-01 -4.73E-01

St. Error (8.93e-01) (8.69e-01) (8.61e-01) (8.64e-01) (8.58e-01) (8.57e-01) -8.63E-01

urban -5.19e-01 -4.36e-01 -4.70e-01 -4.54e-01 -4.88e-01 -4.37e-01 -4.55E-01

St. Error (5.74e-01) (5.63e-01) (5.65e-01) (5.64e-01) (5.67e-01) (5.60e-01) -5.65E-01

gdppc -1.42e-06 -2.12e-06 -1.93e-06 -1.91e-06 -1.94e-06 -1.88e-06 -1.94E-06

St. Error (3.73e-06) (3.62e-06) (3.46e-06) (3.51e-06) (3.52e-06) (3.56e-06) -3.53E-06

cons 1.72e+00 1.65e+00 1.68e+00 1.65e+00 1.71e+00 1.64e+00 1.66E+00

St. Error (1.08e+00) (1.11e+00) (1.11e+00) (1.11e+00) (1.10e+00) (1.11e+00) -1.11E+00

R2 0.04 0.03 0.04 0.04 0.04 0.03 0.04

N 261 261 261 261 261 261 261

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Table A.5: Correlations of the explanatory variables.

Variables securityexp educationexp healthexp infrastructureexp othersexp totalexp

securityexp 1

educationexp 0.9418 1

healthexp 0.9351 0.9755 1

infrastruc∼p 0.8635 0.9384 0.9413 1

othersexp 0.9267 0.957 0.9692 0.8895 1

totalexp 0.9528 0.9882 0.9899 0.9403 0.9857 1

Variables lowstud old65 formalemployment children water wc garbage electric urban gdppc

lowstud 1

old65 0.2133 1

formalemployment -0.5594 0.2759 1

children 0.0716 -0.4032 -0.7041 1

water -0.2432 0.2949 0.7904 -0.8372 1

wc -0.1747 0.1316 0.6496 -0.7327 0.8622 1

garbage -0.3705 0.2164 0.7732 -0.7795 0.8547 0.8488 1

electric -0.1213 0.3345 0.6261 -0.6554 0.7738 0.8447 0.7668 1

urban -0.4249 0.2249 0.7478 -0.7231 0.759 0.673 0.8815 0.576 1

gdppc -0.1547 0.1978 0.5852 -0.7295 0.5968 0.4899 0.5813 0.432 0.5771 1
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Table A.6: Variance Inflation Factor from OLS regression

Explanatory Variables
A: All explanatory variables B: except wc and garbage

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7)

securityexp 13.45 1.05 13.08 1.04

educationexp 39.19 1.05 38.7 1.04

healthexp 53.65 1.11 53.65 1.11

infrastructureexp 16.95 1.15 16.77 1.14

othersexp 21.39 1.09 21.20 1.09

totalexp 1.07 1.07

lowstud 3.12 2.88 2.88 2.89 2.91 2.89 2.89 3.02 2.77 2.77 2.79 2.81 2.78 2.78

old65 1.90 1.86 1.86 1.86 1.86 1.86 1.86 1.50 1.46 1.46 1.46 1.46 1.46 1.46

formalemployment 6.80 5.69 5.71 5.73 5.83 5.72 5.72 6.77 5.66 5.67 5.70 5.81 5.69 5.69

children 7.29 6.41 6.41 6.43 6.42 6.41 6.41 6.95 6.10 6.09 6.11 6.09 6.09 6.09

water 8.27 7.97 7.97 7.99 7.98 8.01 7.99 6.76 6.46 6.45 6.48 6.47 6.5 6.48

wc 8.74 8.56 8.52 8.53 8.53 8.53 8.53

garbage 11.95 11.21 11.24 11.22 11.29 11.21 11.22

electric 5.21 4.75 4.75 4.76 4.77 4.76 4.75 2.95 2.63 2.63 2.64 2.63 2.64 2.63

urban 5.94 5.87 5.88 5.89 5.85 5.9 5.89 3.62 3.33 3.29 3.32 3.26 3.36 3.32

gdppc 4.66 2.35 2.39 2.49 2.56 2.43 2.43 4.61 2.31 2.35 2.45 2.51 2.39 2.39

Mean VIF 13.9 5.33 5.33 5.35 5.38 5.35 5.34 13.81 3.53 3.53 3.56 3.58 3.55 3.55
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Table A.7: Robust 1: second-step regressions estimates (excluding garbage and

wc)

Explanatory Variables (1) (2) (3) (4) (5) (6) (7)

securityexp 6.68E-05 -2.48e-05**

St. Error -1.07E-04 -1.04E-05

educationexp -3.04E-06 -1.27e-05***

St. Error -7.30E-05 -2.38E-06

healthexp -8.81E-05 -2.29e-05***

St. Error -2.43E-04 -5.17E-06

infrastructureexp -4.12E-05 -3.03e-05***

St. Error -1.16E-04 -5.94E-06

othersexp 1.94E-05 -6.86e-06**

St. Error -4.09E-05 -2.72E-06

totalexp -3.06e-06***

St. Error -7.63E-07

lowstud -8.02E-02 -3.48E-02 -3.41E-02 -3.57E-02 -4.33E-02 -3.47E-02 -3.43E-02

St. Error -3.74E-01 -3.67E-01 -3.69E-01 -3.67E-01 -3.66E-01 -3.68E-01 -3.69E-01

old65 1.49E+00 1.47E+00 1.48E+00 1.50E+00 1.57E+00 1.45E+00 1.49E+00

St. Error -2.16E+00 -2.16E+00 -2.16E+00 -2.17E+00 -2.19E+00 -2.18E+00 -2.17E+00

formalemployment 8.09E-02 1.22E-01 1.32E-01 1.26E-01 1.23E-01 1.23E-01 1.28E-01

St. Error -5.00E-01 -4.93E-01 -4.94E-01 -4.92E-01 -4.91E-01 -4.94E-01 -4.94E-01

children -2.22E-02 -2.21E-02 -1.76E-02 -1.98E-02 -2.18E-02 -1.59E-02 -1.82E-02

St. Error -1.65E-01 -1.62E-01 -1.61E-01 -1.61E-01 -1.61E-01 -1.62E-01 -1.61E-01

water 5.79E-01 5.20E-01 5.22E-01 5.25E-01 5.30E-01 5.24E-01 5.23E-01

St. Error -6.42E-01 -6.19E-01 -6.17E-01 -6.19E-01 -6.16E-01 -6.18E-01 -6.18E-01

electric -1.45E+00 -1.31E+00 -1.34E+00 -1.31E+00 -1.38E+00 -1.31E+00 -1.32E+00

St. Error -9.87E-01 -1.01E+00 -1.00E+00 -1.01E+00 -9.90E-01 -1.00E+00 -1.00E+00

urban -6.55E-01 -5.70E-01 -6.02E-01 -5.90E-01 -6.18E-01 -5.74E-01 -5.89E-01

St. Error -5.15E-01 -5.11E-01 -5.13E-01 -5.12E-01 -5.16E-01 -5.08E-01 -5.13E-01

gdppc -7.60E-07 -1.44E-06 -1.27E-06 -1.25E-06 -1.32E-06 -1.19E-06 -1.27E-06

St. Error -3.66E-06 -3.50E-06 -3.34E-06 -3.39E-06 -3.40E-06 -3.44E-06 -3.41E-06

cons 1.39E+00 1.22E+00 1.25E+00 1.22E+00 1.31E+00 1.20E+00 1.23E+00

St. Error -1.09E+00 -1.12E+00 -1.11E+00 -1.11E+00 -1.11E+00 -1.11E+00 -1.11E+00

R2 0.03 0.02 0.03 0.03 0.03 0.02 0.03

N 261 261 261 261 261 261 261

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%

Table A.8: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - All Expenditures)

Variable All POLS All PGLS All FE All BE All RE

securityexp 3.10E-05 3.02E-05 6.68E-05 -3.11E-04 3.10E-05

educationexp 7.90E-06 8.76E-06 -3.04E-06 -6.35E-05 7.90E-06

healthexp -2.40E-04 -2.45e-04* -8.81E-05 -3.75E-04 -2.40E-04

infrastructureexp 5.76E-05 5.87E-05 -4.12E-05 3.56E-05 5.76E-05

othersexp 4.72E-05 4.80E-05 1.94E-05 2.18E-04 4.72E-05

lowstud -2.46E-01 -2.45E-01 -8.02E-02 2.24E+00 -2.46E-01

old65 1.45e+00* 1.44e+00** 1.49E+00 -3.07E+00 1.45e+00**

formalemployment -3.97e-01*** -3.99e-01*** 8.09E-02 -1.58E-01 -3.97e-01***

children 1.05E-01 1.07E-01 -2.22E-02 1.18E-01 1.05E-01

water 4.60e-01* 4.62e-01** 5.79E-01 -5.39E-02 4.60e-01**

electric -1.30E-01 -1.16E-01 -1.45E+00 -8.33E-01 -1.30E-01

urban 5.45E-02 5.65E-02 -6.55E-01 1.51E+00 5.45E-02

gdppc 1.94E-06 1.97E-06 -7.60E-07 1.08E-06 1.94E-06

cons -4.79E-01 -4.99E-01 1.39E+00 -1.03E+00 -4.79E-01

N 261 261 261 261 261

r2 0.06 0.03 0.69

r2 o 0.01 0.01 0.06

r2 b 0.00 0.69 0.30

r2 w 0.03 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Table A.9: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Security Expenditures)

Variable Sec POLS Sec PGLS Sec FE Sec BE Sec RE

securityexp -2.51e-05** -2.44e-05** -2.48e-05** -6.55E-05 -2.51e-05**

lowstud -2.31E-01 -2.32E-01 -3.48E-02 1.96e+00* -2.31E-01

old65 1.65e+00* 1.66e+00* 1.47E+00 -2.08E+00 1.65e+00*

formalemployment -3.80e-01*** -3.56e-01*** 1.22E-01 -3.77E-01 -3.80e-01***

children 6.25E-02 5.71E-02 -2.21E-02 4.36E-02 6.25E-02

water 4.67e-01** 4.60e-01** 5.20E-01 1.29E-01 4.67e-01**

electric -3.27E-01 -4.00E-01 -1.31E+00 -4.29E-01 -3.27E-01

urban 4.38E-02 3.02E-02 -5.70E-01 9.35e-01* 4.38E-02

gdppc 6.79E-07 5.60E-07 -1.44E-06 3.05E-06 6.79E-07

cons -1.68E-01 -7.53E-02 1.22E+00 -7.75E-01 -1.68E-01

N 261 261 261 261 261

r2 0.05 0.02 0.47

r2 o 0.01 0.00 0.05

r2 b 0.00 0.47 0.21

r2 w 0.02 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%

Table A.10: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Education Expenditures)

Variable Edu POLS Edu PGLS Edu FE Edu BE Edu RE

educationexp -1.11e-05*** -1.10e-05*** -1.27e-05*** -3.57E-05 -1.11e-05***

lowstud -2.34E-01 -2.35E-01 -3.41E-02 1.90e+00** -2.34E-01

old65 1.65e+00* 1.66e+00* 1.48E+00 -1.98E+00 1.65e+00*

formalemployment -3.86e-01*** -3.62e-01*** 1.32E-01 -4.39E-01 -3.86e-01***

children 6.66E-02 6.07E-02 -1.76E-02 5.57E-02 6.66E-02

water 4.64e-01** 4.58e-01** 5.22E-01 1.54E-01 4.64e-01**

electric -3.26E-01 -4.03E-01 -1.34E+00 -3.12E-01 -3.26E-01

urban 5.28E-02 3.71E-02 -6.02E-01 9.13e-01** 5.28E-02

gdppc 8.78E-07 7.49E-07 -1.27E-06 3.92E-06 8.78E-07

cons -1.87E-01 -8.63E-02 1.25E+00 -9.00E-01 -1.87E-01

N 261 261 261 261 261

r2 0.05 0.03 0.48

r2 o 0.01 0.00 0.05

r2 b 0.00 0.48 0.21

r2 w 0.03 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Table A.11: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Health Expenditures)

Variable Hea POLS Hea PGLS Hea FE Hea BE Hea RE

healthexp -2.42e-05*** -2.32e-05*** -2.29e-05*** -7.56E-05 -2.42e-05***

lowstud -2.44E-01 -2.44E-01 -3.57E-02 1.93e+00*** -2.44E-01

old65 1.63e+00* 1.63e+00* 1.50E+00 -2.08E+00 1.63e+00*

formalemployment -3.95e-01*** -3.72e-01*** 1.26E-01 -4.20E-01 -3.95e-01***

children 7.10E-02 6.53E-02 -1.98E-02 7.84E-02 7.10E-02

water 4.76e-01** 4.69e-01** 5.25E-01 1.66E-01 4.76e-01**

electric -3.07E-01 -3.77E-01 -1.31E+00 -3.69E-01 -3.07E-01

urban 4.00E-02 2.72E-02 -5.90E-01 9.10e-01** 4.00E-02

gdppc 1.14E-06 9.93E-07 -1.25E-06 4.87E-06 1.14E-06

cons -2.10E-01 -1.18E-01 1.22E+00 -9.37E-01 -2.10E-01

N 261 261 261 261 261

r2 0.05 0.03 0.50

r2 o 0.01 0.00 0.05

r2 b 0.00 0.50 0.21

r2 w 0.03 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%

Table A.12: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Infrastructure Expenditures)

Variable Inf POLS Inf PGLS Inf FE Inf BE Inf RE

infrastructureexp -2.31e-05*** -2.32e-05*** -3.03e-05*** -3.30E-05 -2.31e-05***

lowstud -2.47E-01 -2.49E-01 -4.33E-02 1.84e+00*** -2.47E-01

old65 1.64e+00* 1.64e+00* 1.57E+00 -1.65E+00 1.64e+00*

formalemployment -4.05e-01*** -3.80e-01*** 1.23E-01 -4.16E-01 -4.05e-01***

children 6.78E-02 6.09E-02 -2.18E-02 6.63E-02 6.78E-02

water 4.70e-01** 4.64e-01** 5.30E-01 1.29E-01 4.70e-01**

electric -3.57E-01 -4.35E-01 -1.38E+00 -4.01E-01 -3.57E-01

urban 6.54E-02 4.75E-02 -6.18E-01 9.10e-01** 6.54E-02

gdppc 1.14E-06 9.89E-07 -1.32E-06 4.36E-06 1.14E-06

cons -1.65E-01 -5.86E-02 1.31E+00 -8.57E-01 -1.65E-01

N 261 261 261 261 261

r2 0.05 0.03 0.46

r2 o 0.01 0.00 0.05

r2 b 0.00 0.46 0.19

r2 w 0.03 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Table A.13: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Other Expenditures)

Variable Oth POLS Oth PGLS Oth FE Oth BE Oth RE

othersexp -5.68E-06 -5.72e-06* -6.86e-06** -9.82E-06 -5.68E-06

lowstud -2.33E-01 -2.34E-01 -3.47E-02 1.82e+00* -2.33E-01

old65 1.65e+00* 1.65e+00* 1.45E+00 -1.68E+00 1.65e+00*

formalemployment -3.85e-01*** -3.60e-01*** 1.23E-01 -4.07E-01 -3.85e-01***

children 6.70E-02 6.12E-02 -1.59E-02 5.60E-02 6.70E-02

water 4.69e-01** 4.63e-01** 5.24E-01 1.40E-01 4.69e-01**

electric -3.28E-01 -4.06E-01 -1.31E+00 -3.20E-01 -3.28E-01

urban 4.63E-02 3.09E-02 -5.74E-01 8.57e-01* 4.63E-02

gdppc 8.96E-07 7.66E-07 -1.19E-06 3.77E-06 8.96E-07

cons -1.85E-01 -8.47E-02 1.20E+00 -8.57E-01 -1.85E-01

N 261 261 261 261 261

r2 0.04 0.02 0.46

r2 o 0.00 0.00 0.04

r2 b 0.00 0.46 0.20

r2 w 0.02 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%

Table A.14: Robust 2: second-step regressions estimates - multiple approaches (ex-

cluding garbage and wc - Total Expenditures)

Variable Tot POLS Tot PGLS Tot FE Tot BE Tot RE

totalexp -2.72e-06*** -2.68e-06*** -3.06e-06*** -6.66E-06 -2.72e-06***

lowstud -2.37E-01 -2.38E-01 -3.43E-02 1.88E+00 -2.37E-01

old65 1.65e+00* 1.65e+00* 1.49E+00 -1.87E+00 1.65e+00*

formalemployment -3.89e-01*** -3.64e-01*** 1.28E-01 -4.17E-01 -3.89e-01***

children 6.71E-02 6.12E-02 -1.82E-02 5.83E-02 6.71E-02

water 4.70e-01** 4.63e-01** 5.23E-01 1.48E-01 4.70e-01**

electric -3.27E-01 -4.04E-01 -1.32E+00 -3.53E-01 -3.27E-01

urban 4.73E-02 3.21E-02 -5.89E-01 8.91E-01 4.73E-02

gdppc 9.39E-07 8.06E-07 -1.27E-06 4.03E-06 9.39E-07

cons -1.84E-01 -8.52E-02 1.23E+00 -8.62E-01 -1.84E-01

N 261 261 261 261 261

r2 0.05 0.03 0.47

r2 o 0.01 0.00 0.05

r2 b 0.00 0.47 0.20

r2 w 0.03 0.00 0.01

Significance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1%
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Figure A.1: Boxplot cross years.

Figure A.2: Boxplot cross regions.
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Figure A.3: Average residual life satisfaction and per capta government expendi-

tures.
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Blanchard, O. J.; and Gaĺı, J. (2007). Real Wage Rigidities and the New Keynesian

Model. Journal of Money, Credit and Banking, v. 39, s1, 35–65.

Blanchard, O. J.; and Kahn, C. M. (1980).The solution of linear difference models

under rational expectations. Econometrica, v. 48, no 5, 1305-1311.

Bouakez, H.; Guillard, M.; and Roulleau-Pasdeloup, J. (2017a). Public Investment,

Time to Build, and the Zero Lower Bound. Review of Economic Dynamics, 23,

122



60–79.

Bouakez, H.; Guillard, M.; and Roulleau-Pasdeloup, J. (2017b). The optimal com-

position of public spending in a deep recession. Mimeo.

Bouakez, H.; Guillard, M.; and Roulleau-Pasdeloup, J. (2019). The optimal com-

position of public spending in a deep recession. Journal of Monetary Economics, In

Press.

Caceres, C.; Cevik, S.; Fenochietto, R.; and Gracia, B. (2015). “The Day After

Tomorrow: Designing an Optimal Fiscal Strategy for Libya”, Journal of Banking

and Financial Economics, vol. 2(4), 32–50.

Carboni, O.A.; and Medda, G. (2011). Government spending and growth in a

neoclassical model. Mathematics and Financial Economics, v. 4, 269-285.

Carcillo, S.; Leigh, D.; and Villafuerte, M. (2007). “Catch-Up Growth, Habits, Oil

Depletion, and Fiscal Policy: Lessons from the Republic of Congo”, International

Monetary Fund Working Paper, WP/07/80.

Carroll, C. (2006). “The Method of Endogenous Gridpoints for Solving Dynamic

Stochastic Optimization Problems”, Economics Letters, vol. 91(3), 312–320.

Carvalho, F. A.; Valli, M. (2011). Fiscal Policy in Brazil through the lens of an

estimated DSGE model. Brazilian Central Bank, Working Paper Series, no 240.

Cavalcanti, M. A. F. H.; Vereda, L. (2011). Propriedades dinâmicas de um mod-

elo DSGE com parametrizações alternativas para o Brasil. Instituto de Pesquisa
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Gaĺı, J.; and Monacelli, T. (2008). Optimal monetary and fiscal policy in a currency

union. Journal of International Economics, v. 76, 1, 116-132.
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