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Abstract

We develop and estimate a DSGE model for the Brazilian economy, to be used as part of the
macroeconomic modeling framework at the Central Bank of Brazil. The model combines the
building blocks of standard DSGE models (e.g., price and wage rigidities and adjustment costs)
with the following features that better describe the Brazilian economy: (i) a fiscal authority
pursuing an explicit target for the primary surplus; (ii) administered or regulated prices as
part of consumer prices; (iii) external finance for imports, amplifying the effects of changes in
external financial conditions on the economy; and (iv) imported goods used in the production
function of differentiated goods. It also includes the presence of financially constrained house-
holds. We estimate the model with Bayesian techniques, using data starting in 1999, when
inflation targeting was implemented. Model evaluation, based on impulse response functions,
moment conditions, variance error decomposition and initial forecasting exercises, suggests that
the model can be a useful tool for policy analysis and forecasting.
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1 Introduction

There is a considerable debate on the ability of dynamic stochastic general equilibrium
(DSGE) models to fit the data well and provide useful (potentially novel) insights to pol-
icymakers, despite the theoretical advantages of microfounded models. However, recent
advances in modeling and estimation techniques have improved the empirical coherence of
DSGE models. As a result, they are becoming an important policy tool for central banks
around the world.

In fact, in recent years, many central banks have put great effort on developing applied
DSGE models.! In this paper, we build and estimate a DSGE model for the Brazilian
economy, which we call SAMBA — Stochastic Analytical Model with a Bayesian Approach.
The estimation uses Bayesian techniques, and the sample starts in 1999, when inflation
targeting was adopted. The model was developed to be used as part of the macroeconomic
modeling framework of the Central Bank of Brazil (BCB), providing support for policy
analysis and forecasting.

The model embeds prominent features of the Brazilian economy, such as (i) the fiscal
authority pursues an explicit target for the primary surplus-to-GDP ratio, in accordance
with the fiscal regime in place since 1999; and (ii) significant part of consumer prices is
regulated by the government (administered or regulated prices), following contract rules
or other non-market based procedures. The model also includes two other features that
are less usual in other DSGE models, but relevant in the case of the Brazilian economy.
First, in Brazil and many other countries with relatively large manufacturing sectors, most
of imports are inputs used in the production function rather than final consumption goods.
Hence, following McCallum and Nelson (2000) and Murchison and Rennison (2006), we treat
imports as inputs that are used to produce differentiated sectoral goods. As a consequence,

the local-currency price of imports are a key component of the marginal cost of domestic

'For instance, the central banks of Canada (ToTEM), Chile (MAS), Colombia (PATACON), England
(BEQM), Euro Area (NAWM), New Zealand (KITT), Norway (NEMO), Peru (MEGA-D), and Sweden
(RAMSES).



firms that face price rigidity. Second, as in the data we assume that a fraction of imports
must be financed abroad so that shocks to external financial conditions — which can be
interpreted as innovations to trade credit — have an extra channel of transmission to the
domestic economy. In fact, this working capital constraint amplifies the effects of shifts in
the country risk premium on aggregate investment.

In developing the building blocks of our model, we have borrowed many insights from
Adolfson et al. (2007, 2008), Christiano et al. (2005), Christoffel et al. (2008), Medina and
Soto (2007), Murchison and Rennison (2006), and Smets and Wouters (2003, 2007). The fea-
tures of our small open economy model include wage and sectoral price rigidities, as well as
real frictions in the form of habit persistence in consumption and adjustment costs in invest-
ment, exports and imports. We have both monetary and fiscal authorities, whose behavior
is modeled according to the actual institutional arrangements, that is, inflation targeting
and targets for the primary fiscal balance. We also assume that a fraction of households
is financially constrained, which breaks up Ricardian equivalence, and is consistent with
the fact that a large proportion of Brazilians have no or limited access to credit. Further-
more, the country risk premium responds not only to domestic fundamentals (net external
debt-to-GDP ratio) but also to shifts in foreign investors’ preference for risk.

In terms of estimation procedures, Bayesian techniques have shown to be very suitable
for the estimation of DSGE models. These models often have a large number of parameters
— many of which are weakly identified — and the sample size is usually small. This is
particularly relevant for the case of Brazil whose sample size (1999Q3-2010Q2) is quite small
compared with the data span available in developed economies. Furthermore, Bayesian
techniques formally incorporate expert’s knowledge in the form of priors, which not only
complement the information available in the data but also help to estimate otherwise weakly
identifiable parameters. Judgment is put into practice by including beliefs to which some
level of accuracy is attached. This procedure is implemented in a coherent and clear-cut way

in the Bayesian estimation. Moreover, the resulting posterior distributions of the parameters



are used in the construction of confidence intervals for different exercises.

We assess the performance of the model through the behavior of the underlying impulse
response functions, moment conditions, variance error decomposition, and forecasting exer-
cises. Overall, the evaluation suggests that the model can be a useful tool for policy analysis
and forecasting at the BCB. In particular, it can be used to assess the impact of different
shocks to the economy. The impulse response functions generated by the model, even con-
sidering the whole set of shocks, are, in general, consistent with the theory and results for
other countries, as well as with the empirical evidence available for Brazil. We also conduct
initial forecasting exercises that seem promising.

The current macroeconomic modeling framework at the BCB uses a suite of models, in-
cluding small and medium-size semi-structural models, vector autoregression (VAR) models
and auxiliary structures that are used to answer specific policy issues. The DSGE model is
an important additional tool in that framework. It provides a theoretically consistent device
to deal with a broad range of issues.

Section 2 describes the model and equilibrium conditions. Section 3 provides the data
and estimation details. Section 4 presents the main results, and Section 5 concludes. The
appendix brings extra material, including the equilibrium conditions along the balanced

growth path, the steady state and log-linear version of the model.

2 Model Overview

SAMBA is a small open economy model that combines what are now standard features of
DSGE models — such as wage and price rigidities, habit persistence in consumption and
capital adjustment costs — with specific features of the Brazilian economy, such as firms
subject to regulated prices, imports in the production process, external finance of imports
and a country-specific fiscal rule.

In the model, there are several types of agents: households, domestic producers, im-

porting firms, and government. There are two types of households. Both have the same



endowment of time, which is allocated between labor and leisure, but differ with respect to
their participation in capital, asset and labor markets. The first type — optimizing house-
holds — owns the capital stock and all shares of the firms and are able to accumulate financial
assets. The second type — rule-of-thumb households — are financially constrained. They do
not have access to financial markets and simply consume whatever labor income they earn.

Domestic producers are classified into three groups: domestic input producers, interme-
diate good producers, and final good assemblers. Producers of intermediate goods, in turn,
are grouped into four different sectors, according to the final good supplied: private con-
sumption goods, government consumption goods, investment goods, and exported goods.
We assume different technologies for producing each good, and the production process in
each sector is carried out in three stages. In the first stage, a representative firm produces a
non-tradable domestic input using capital and labor. Still in the first stage, importing firms
buy differentiated goods from abroad and transform them into a homogeneous input to be
used in the production process. In the second stage, a large number of intermediate good
producers combine domestic and imported inputs and produce different varieties. The share
of domestic and imported inputs varies across sectors. In the third and final stage, sectoral
assemblers combine the intermediate varieties into sectoral homogeneous goods, which are
sold domestically and abroad.

Physical capital, domestic input and all final goods are traded in competitive markets.
On the other hand, workers, importers and domestic intermediate good producers are mo-
nopolistic competitors, facing wage or price rigidity a la Calvo (1983). Therefore, there are
two layers of nominal rigidity in the model. The first layer comprises stickiness of input
prices — wages and import prices. The second layer involves stickiness in the prices of the
intermediate varieties used to produce the four final goods. As in Christiano et al. (2007),
all prices are set in the currency of the buyer ("pricing to market"), including exports.

The government in the model is represented by fiscal and monetary authorities. The

fiscal authority levies lump-sum taxes on optimizing households, makes transfers to firms,



and consumes government goods. It also levies a net income tax on rule-of-thumbers, which
can also be considered as net out of government transfers. Most of the transfers in Brazil
are directed to lower income people, and therefore with less access to financial and credit
markets. For parsimony reasons, we preferred to keep the tax structure in the model as
simple as possible. Government also issues domestic bonds, which are held by optimizing
households. Decisions regarding government spending are subject to an empirical fiscal rule,
which is meant to describe the actual behavior of the fiscal authority, whereby it targets the
primary surplus-to-GDP ratio. The monetary authority, in turn, targets the CPI inflation
by setting the interest rate according to a forward-looking Taylor-type rule, in line with the
inflation targeting framework.

Agents in the domestic economy take as given the prices and allocations of the world
economy. For the sake of parsimony, we treat the variables describing the rest of the world
as exogenous stochastic processes. However, in the background and whenever necessary
we treat domestic and foreign economies as having analogous features, i.e., similar type of
agents and production structure. For instance, Brazil’s imports are inputs to the domestic
production, and exports are inputs to the production of foreign firms. The main linkages
between the domestic and the world economy arise from international trade in goods, asset
markets and loans. Domestic households issue foreign-currency bonds abroad — external
bonds for short — and domestic firms borrow from abroad through foreign-currency loans
to finance imports — external finance or loans for short. We assume that asset markets
are incomplete and the law of one price does not hold, so the model features imperfect risk
sharing and partial exchange rate pass-through in the short run.

In the following subsections we describe in detail the problems and constraints faced by
each economic agent, and derive the associated equilibrium conditions. For ease of exposi-
tion, we adopt the following conventions. We express the level of growing (non-stationary)
variables by upper-case letters, say X, and the level of detrended (stationary) variables by

adding tilde, X;. The long-run (steady state) level of detrended or stationary variables are



expressed without subscript ¢, X, and the linear or log-linear deviations from the steady
state are represented by lower-case letters without tilde, z;. We use the letter Z7 to denote
the level of the shock process S, and z° to denote its linear version. Innovations to the shock
processes are represented by 7. Additionally, we use QI to denote the price of good H
relative to the price of consumption goods, which is used as numéraire in the model. We

index foreign variables by an asterisk ‘*’

, say X;, nominal variables by the superscript ‘"',
X7, and optimally chosen prices by a star ', X. In our timing convention, flow variables
decided in period t are indexed by ¢, whereas stock variables (e.g., capital and bond holdings)
chosen at t are index by t + 1. Whenever required we use subscript j to identify economic

agents and the subscript ¢ to denote time window. In the model, time is equivalent to a

calendar quarter and is indexed by t = 0, 1, 2,... We ignore population growth.

2.1 Households

The economy is populated by a mass one of households indexed by j € [0,1]. Optimizing
households (0) account for a fraction 1 — wgy of the population, and rule-of-thumb house-
holds (RT) account for the remaining share. As mentioned before, optimizing households
are not financially constrained and choose their consumption, savings and investment in a
forward-looking manner. These households use three different assets or savings instruments
— physical capital, non-contingent one-period government bonds and non-contingent one-
period bonds issued abroad — to smooth their consumption overtime. On the other hand,
rule-of-thumb households have no access to credit, capital and asset markets and do not earn
firm dividends. They simply spend their entire labor income on consumption goods. We
also assume that both types of households supply differentiated labor services, setting their

wages in a monopolistically competitive labor market, subject to Calvo-type contracts.



2.1.1 Optimizing Households

Each optimizing household, indexed by j € O, chooses consumption, physical capital and

financial assets to maximize the expected discounted flow of utility,

max EOE B Cit, N
t=0

{C]t7 Jt+17 Jt+17 Jt+17]i}

subject to the flow budget constraint

Bji | StBjia
PCo. + Pl + Jit+ + J» t
t it t Lt RtSB R;“StB

WN;. + R Ky + By + SB, + D}y — T  + 21,V € O,

7t

IA
—~

—_
~—

and to the law of motion of capital

]A
K= (1—0K,, + [1 - S (%ﬂ Iy, (2)
Zt Ij,t—l

where Ej is the expectations operator, 5 € (0,1) is the time discount factor, C;; is the
consumption level, and N, is differentiated labor. In the budget constraint, PC is the price
of consumption goods, I;; is investment, P/ is the price of investment goods, B;, denotes
one-period government domestic bonds, R; is the domestic gross interest rate, SP is the
domestic risk premium, S, is the exchange rate (defined as units of domestic currency per
units of foreign currency), B;, represents one-period foreign-currency bonds issued abroad,
Ry is the external gross interest rate, SP"is the country risk premium, W7}, is the household-

n

specific nominal wage rate, RtK " is the net nominal rental rate of capital, K, is physical

n

capital, D7, denotes nominal dividends received from the firms, 77" is lump-sum nominal

net taxes, and =7

71 are nominal state-contingent securities. We adopt the convention that

Bj: and Bj, represent nominal bonds issued in ¢ — 1 and maturing in ¢, and Kj;; are capital

holdings from ¢ — 1. So Bj 1, B},

, and K4, are decided in ¢. In the law of motion of
capital, d is the depreciation rate of capital, S(.) is a convex adjustment cost, and Z/ is an
investment-specific technology shock. The function S(.) satisfies S(Z%) = S'(Z%) = 0 and
S"(Z%) = ¥; > 0, where Z7Z is the steady-state growth rate of the technology process Z;,

which we define in more details below.
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We assume the following functional form for the instantaneous utility function, augmented

by external habit persistence:

(Cjx— KCZ )7 e W
U(ij Nmt) = ZtC ! — - Ztl m

(N;e) ™) (3)

1—-0o
where C? is the average consumption of optimizing households, Z¢ is a shock to the house-
hold’s intertemporal preference, Z; is the level of technology, o is the inverse of the in-
tertemporal elasticity of substitution, ¢ > 0 is a weight parameter, x € [0,1) is a parameter
governing the external habit persistence, and 7 is the inverse of labor supply elasticity. As
in Erceg et al. (2006), we assume that preferences over leisure shift with the level of technol-
ogy so that the model is consistent with balanced growth path, even when preferences over
consumption are not logarithmic.

The household purchases consumption goods C}; at the price level P, investment goods
I;, at the price P/, buys or sells discounted values of one-period government bonds B; .1,
and buys or sells one-period foreign-currency bonds Bj, issued abroad. Government bonds
pay the risk-free interest rate R, (in gross terms), which is also the interest rate controlled by
the monetary authority. However, the effective return received by households also includes
an exogenous financial intermediation premium, denoted by SZ, which we interpret as a
domestic risk premium (see Smets and Wouters (2007) and Christoffel et al. (2008)). It
represents a wedge between the interest paid by the government and the interest received by
the household. This premium is rebated in a lump-sum way to optimizing households, being
included in Tjot" In practice, it can also be used as capturing changes in financial conditions
that affect both consumption and investment at the same direction. In fact, a positive shock
to SP reduces both consumption and investment, generating a positive co-movement between
those two aggregate demand components, in contrast to the intertemporal preference shock,
which generates a negative relationship.

The value in domestic currency of bonds issued abroad is given by S; B}, ;. The effective
return on these bonds depends on a external premium over the riskless international interest

rate (hereafter, country risk premium), denoted by SZ°. For simplicity, we assume that
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households do not internalize the fact that their demand for foreign bonds may shift the
country risk premium.

Optimizing households have four sources of income. The first is labor income, which de-
pends on the household-specific nominal wage rate IV, and the amount N;; of differentiated
labor services provided to firms. The second is capital income, from renting physical capital
K at the competitive net nominal rental rate of capital RtK ™. The third source of income
is the return accrued from bond holdings, and the last one is dividends D7, received from
firms. There are two remaining factors that also affect the nominal income of optimizing
households: a net lump-sum nominal tax Tto’" levied by the government, which is the same
across optimizing households, and nominal state-contingent securities Z7,. These securities
are traded amongst optimizing households and provide full insurance against labor income
risk. They are just a technical device to make aggregation tractable under wage rigidity.?

We assume that capital accumulation is costly and subject to investment-specific inno-
vations. As usual, the adjustment cost given by the function S(.) helps to replicate the
hump-shaped response of investment to monetary policy shocks.

For convenience, we split households’ decisions into two steps. In the first step, they take
the labor income as given and choose the optimal allocations of consumption, investment
and assets, and in the second stage they choose their desired wage. The first-order conditions

associated with the choices of U, Bj 41, B}, 41, Kji1 and I, are, respectively:

Ao =27 (Cju — KC24) 77, (4)
R A ‘PtC B
Aj,t — ﬁEt 7,t+1 PC RtSt ) (5)
t+1
P S .
Njo = 9B (A SR ©)
t+1 t

2In particular, they ensure that the equilibrium consumption of all optimizing households is the same,
regardless of their labor income. Otherwise, we would have to keep track of the wealth distribution arising
from agent heterogeneity. To simplify the model even further, we assume that physical and financial wealth
is equally distributed across optimizing households at the beginning of time and that dividends received from
firms in each period are also equally distributed across optimizing households.

12
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where A;;/P¢ is the Lagrange multiplier associated with jth household’s budget constraint,

A, Ptl

],tP_tC = BEt

and th is the Lagrange multiplier associated with the law of motion of capital. The former
is the real shadow price of the consumption good, whereas the latter is the real shadow value
of capital.

Along the symmetric equilibrium, all optimizing households make identical choices, thus
we can drop the subscript j from the equations above. With this in mind, the per capita
consumption of optimizing households, C©, implied by conditions (4) and (5) is given by the

following consumption Euler equation:

C (O 0 \~° c oy fuS?
ZE(CP = wCPL) " = BE | Zf, (CF, — kCP) )

C
Ht—i—l

(9)

where IIf,; = PS,/PF is the gross CPI inflation rate between periods ¢ and ¢ + 1.

Combining (5) and (6) yields the uncovered interest rate parity (UIP) condition:

RSP Spi1 RESE
E, Ay )| = E At ).
( Htc—vi-l t+1 t St Hgl t+1

We define the consumption-based real exchange rate as the price of the foreign consumption
good PC", expressed in local currency S;PC", relative to the price of the domestic consump-

tion good as

(10)
and plug it into the UIP condition in order to obtain a convenient expression for the real
exchange rate in terms of the real interest rate differential (UIP in real terms):

RSP Qui1 RISE"
E, A =F ———A 11
< HtCJrl t+1 t Qt th:l t+1 | > ( )

13



where [1¢" = P /P . We assume that SP depends only on aggregate variables describing

both domestic and external fundamentals as follows:
SP =87 {exp [—¢ (B, — BY) + oy (Vi = V)| } 27, (12)

where ¢} and @], are positive parameters, B/, is net foreign assets-to-GDP ratio, V;* de-
. . . . . * .

scribes foreign investors’ risk aversion, and ZP" is a shock that captures movements in the

country risk premium associated with domestic exogenous factors, such as political uncer-

tainty and others. The variables S, B*'and V are the corresponding steady-state values.

5;13;}21, where PY is the GDP deflator

Net foreign assets-to-GDP ratio is defined as By}, =
and Y; is real GDP. The equation describes what the literature calls pull and push factors,
corresponding respectively to domestic and external factors. The external debt-elastic coun-
try risk premium usually enters small open economy models as a technical device to render
net foreign assets stationary. Moreover, there is empirical evidence that the country risk
premium of emerging-market economies like Brazil reacts to the net foreign assets position
(pull factor). By the same token, the evidence suggests that movements in foreign investors’
attitude towards risk also shift the country risk premium (push factor). On the other hand,
we assume that the domestic risk premium follows an autoregressive process of order one -
AR(1):

SP = (SP)'77 (SP )" exp {P} . (13)

Turning to the wage setting, we can think of an "employment agency" that aggregates the
differentiated labor services provided by each household into a homogeneous labor input NV,
which is then supplied to domestic firms in competitive input markets (Erceg et al. (2000)).
We assume that the employment agency combines the differentiated labor services through

a Dixit-Stiglitz aggregator:

1 e —1 €f —1
N, = (/ (Nje) & dj) ; (14)
0

where €V > 1,Vt, is a time-varying elasticity of substitution that may shift the wage markup.

14



The optimization problem of the employment agency is given by:

eW
1 ! etV‘}A 1
max ¢ W/ / (Nj) < dj - / Wi Njudj o,
Nj.t 0 0 ’

where W/ is the aggregate nominal wage rate.

We assume that the employment agency makes deals with firms on behalf of all households
— optimizers and rule-of-thumbers. The solution to the problem faced by the employment

agency implies the following demand for the differentiated labor service of the jth household:

w

AN |
Nj,t:(Wﬂt;f) N, Vjelo1). (15)

The break-even condition for the competitive employment agency pins down the aggregate

wage index:

1 g
we = ([ ovpta) (16
We assume that optimizing households face Calvo lottery for wages. In each period,
with probability 1 — 6y, household j € O may be able to renegotiate its nominal wage
contract with the employment agency. With probability 8y, household j € O is unable
to optimally change its nominal wage, but it is permitted to updated the wage contract
taking into account past wage inflation, CPI inflation and productivity gains, according to

the following indexation rule:
Wi, =YW _,, VjeO, (17)
where Y}V is the indexation factor, given by:
T = ()" (22,0,) (18)

where wy, € [0, 1] is an indexation parameter, I}V = W /W | is the gross inflation rate of
nominal wages, and Z7 = Z;/Z; ; is the stochastic and time-varying gross growth rate of

technology (proxy for labor productivity growth). Since nominal wages embody productivity

15



growth, this indexation rule ensures that in steady state all nominal wages grow at the rate
Z#11¢. The rule considers the fact that workers try to keep the purchasing power of their
wages and, at the same time, take into account the behavior of aggregate wage, as an
indicator of labor market conditions or due to relative wage concerns.

Fach optimizing household who is able to renegotiate optimally its wage contract eval-
uates the disutility of labor relative to the utility arising from the real labor income. The
optimal wage-setting problem is the following:

n

W ,
—77 (Nj,t+i)1+77 + A (P—(J;’th,tJri)} , VjeO,

t+1

max F; Z (Ow )’ {—ZtCZl_.U

{Wﬁt} i=0

subject to the wage demand equation (15) and the wage indexation rule (17). The first-order

condition describing the optimal wage-setting decision is the following in the symmetric

equilibrium:
[e'e) ' W TW ' 1 €4 Wn '
By (0wB)' | Avei (e = 1) (W)~ | o2 TN | = (19)
i=0 t+i t+i

[e's) TW €t+z(1+n)
i —c noy—er (1+m)—1 i
Ey Z (6w 53) ZgriZtl—&-i GKW (W) e ( tH_ ) Ntljz‘n )

=0

where
TZH = { 171' ww Z 1—ww Z::
7 [Tes ()™ (22000 ) 02> 1
is the wage indexation factor, accumulated between ¢ and ¢ + i, and W,"* is the optimal
wage.
Using equations (16) and (17) and the fact that the optimal wage is the same across
optimizing households, we obtain the law of motion for the wage rate of optimizing households

1
w lfeyv

WO = [ (W) 4 (1= ) (1)

(20)

Thus, equilibrium conditions for optimizing households can be described by equations

(4), (1), (8), (9), (11), (18), (19), and (20), plus the law of motion of capital (2).
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2.1.2 Rule-of-Thumb Households

Rule-of-thumb households just consume their disposable labor income as follows:
PfCj = (1=T/") W' N;,, Vj e RT,

where TF is the marginal net tax rate (out of transfers) levied by the government on the
labor income of rule-of-thumbers. As in Medina and Soto (2007), we assume that each rule-
of-thumber sets its wage equal to the average wage rate of optimizing households, that is,
VVﬁT’” — W™, Since both types of households face the same labor demand schedule (15),
labor services provided by a typical rule-of-thumber are equal to the average provided by
optimizing households, NV ftT = NP. Therefore, wages and labor services of rule-of-thumbers
are equal to their average in the economy. As a result, we can write the consumption of a

typical rule-of-thumb household C" as follows:
Cft = (1 =T YW Ny, (21)
where W, = W/ PF is the real wage rate.

2.2 Firms

As mentioned before, the production of sectoral goods in the SAMBA model is carried out in
three stages. In the first stage, there are domestic input producers and importers. The rep-
resentative domestic producer operates a standard constant returns-to-scale technology that
provides the combined services of capital and labor to sectoral intermediate good producers.
In parallel, importers buy differentiated inputs abroad and resell them to an assembler of im-
ported goods. In turn, the assembler transforms the differentiated goods into a homogeneous
imported input, which is sold to the sectoral intermediate good producers.

In the second stage, there is a continuum of intermediate good producers indexed by
j € [0,1] in each sector — private consumption goods, government consumption goods,

investment goods, and exports — that operate constant returns-to-scale technologies that
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transform the imported input and the bundle of capital and labor into sectoral differentiated
goods. Lastly, in the third stage, sectoral assemblers combine the differentiated goods into
corresponding sectoral homogeneous goods.

The production in the second stage also requires the use of financial services. In par-
ticular, intermediate good producers must finance a fraction of their imported inputs with
working capital borrowed from abroad. These working capital requirements capture the fact
that a sizeable fraction of Brazilian imports is financed by foreign banks and suppliers. The
requirements also help to account for the fact that financial crises may disrupt trade credit

and trade flows.

2.2.1 Sectoral Assemblers

For convenience, we start describing the behavior of home firms operating in the third stage
of production. In this stage, perfectly competitive sectoral goods assemblers combine the
sectoral intermediate varieties into a sectoral homogenous good through a standard Dixit-

Stiglitz aggregator:

P
€H.t
1 65;'7 eg,t 1
N VR )
0

where H = C,I,G, X denotes the corresponding sector (private consumption, investment,
government consumption, and exports, respectively), Y, is the sectoral output and Yﬁ is
the differentiated variety produced by intermediate good firm j. eﬁ,t > 1 is a time-varying
elasticity of substitution between the differentiated varieties. This time-dependent elasticity
will imply a time-varying markup in the goods market. We will interpret a shift in the
markup as a "cost-push" shock to sectoral inflation Phillips curves.

Sectoral goods assemblers choose the optimal amounts of each variety and break even in
equilibrium. The problem solved by the assembler in sector H is given by:

1
max {PtHYtH —/O ijyj{{dj}, VH,Yj € H,

o
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subject to equation (22), where P! is the aggregate price of home good H, and Pﬁ is the
price of intermediate variety j. The assumption of pricing to market means that P/ and
Pﬁ, for 7 = X, is expressed in foreign currency. The problem solution yields the following

optimal demand for the jth variety:
H €H.t
= <J> v VH,Vje H. (23)

The break-even condition for the sectoral good assembler implies the following sectoral price

index: )
! 1—eb I*EEH
PP = ( / (Pf) " dj) " VH. (24)
0
2.2.2 Domestic Input Producers

We now turn to the first production stage, starting with the representative domestic input
producer. This firm operates in perfectly competitive markets and produces the domestic

input Y, through a standard Cobb-Douglas technology using capital and labor:
. =\ \ l—o
Y, =ZPK (Z, (N, —N)) (25)

where K, is physical capital, IV, is total labor input, N is overhead labor, which we assume
constant over time, ZP is a domestic transitory technology shock, and Z; is a stochastic
trend embodying permanent shifts in technology. The overhead labor helps to smooth the
rate of change of total labor input over the business cycle. The temporary technology shock

evolves according to an AR(1) process:
g (27) = pplog (22,) + . 26)

where £ is the innovation. The growth rate of the stochastic trend is defined as Z7 =

Zy/Zy—1, which follows:
log(Z7) = (1 — py) Z7 + pylog (thq) +e7, (27)
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where ZZ is the long-run growth rate of technology, in gross terms, and £Z is the innovation.

The domestic input producer takes all prices as given and chooses the optimal amounts
of capital and labor services as to minimize total input costs, subject to the technology
constraint (25):

i { R K WEN TP B (VP - 2P (2 (V- ) )

{K¢,Ni}

where TtD’” is a lump-sum transfer from the government, which is equal to the overhead
labor cost. The transfer is simply a technical device that ensures a well-defined solution
to the problem above. PP is the Lagrange multiplier associated with the technology con-
straint, which in equilibrium will be equal to the nominal marginal cost of the domestic input

producer. Cost minimization implies the following optimal demands for capital and labor,

respectively:
n VP
R = aPP 4=, (28)
YD
W= (1-a)PP—t—=. 29
F=(-0) PP (29)

Substituting (28) and (29) into the technology constraint (25) yields the following expression

for the unit cost associated with the choice of domestic inputs:

1 /1 w1
PP = ( =RF" —L —.
! <a ! ) (1 —a 7 > zZpP (30)

2.2.3 Importers

Now we look at the behavior of importing firms. We assume that there is a continuum
of importing firms indexed by j € [0,1] that buy differentiated goods from the rest of the
world. Each importing firm buys a distinct variety which is then sold in a monopolistically
competitive market to an assembler of imported goods. The assembler transforms the differ-
entiated inputs into a homogenous good, which is finally sold to domestic intermediate good

producers. Similar to the sectoral assemblers described above, the assembler of imported
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goods also bundles the differentiated varieties through a Dixit-Stiglitz aggregator:

1 em—1 %
Mt = </ (Mjﬂg) M d]) , EM > 1, (31)
0

where M, is the homogenous imported good, M, is the imported variety j, and €, is the

elasticity of substitution across varieties. The problem of the imported goods assembler is
analogous to the home good assembler’s problem, that is,
1
PMM, — [ PMNM;,dj
sy {2 [ mton.
subject to (31), where Pj{\f is the local-currency price charged by importing firm j, and PM
is the local-currency aggregate import price. The first-order and zero-profit conditions imply

the following demand for the jth imported good and aggregate import price index:

PMN
Jit
ijt - PM Mt7 (32)
t

M . MN1—enm ;. ﬁ
= ([ e a) (3)

Monopolistic importing firms face price rigidity a la Calvo when setting their prices. The
presence of price rigidity in the import sector helps to slow down the pass-through of the
exchange rate to domestic prices. In each period, each importing firm j faces a constant
probability 1 — 6, of resetting its prices according to market conditions. Otherwise, with
probability #,, it simply updates the price considering past inflation of imported goods and

the CPI inflation target, according to the following indexation rule:

Pl =1"P]{_,, (34)

where T is the indexation factor, given by

wyv =0\ 1—w
1= ()™ () e, (35)

where w™ € [0, 1] is an indexation parameter, ﬁtc is the CPI inflation target in gross terms,
and 1}, is the gross inflation rate of imported goods, defined as IIM = PM/PM,. In the

long run, the imported goods inflation (in local currency) converges to the inflation target.

21



The value of profits accrued to importing firm j is given by:
PMNM;, — (S,PM") My,

where PM" is the foreign-currency price of the jth imported variety. The importing firm
that receives the price signal in period ¢t maximizes the real value of the expected discounted

flow of its profits along the paths over which its own price is not adjusted optimally:

oo
) M M M*
max E > (0uB8) Arys (TP — S P ) My,
gt 1=0

subject to the demand constraint (32) and the indexation rule (34), where

At,t—l—i =

is optimizing households’ marginal rate of substitution between nominal income in periods

t and t + 7, and

o 1, . 1=0
e { [Ty (T 1) <ﬁ£&-k> " i1
is the indexation factor accumulated between ¢ and ¢ + ¢. Since all firms that are able to
change their prices face the same import cost, they choose the same optimal price along the
symmetric equilibrium. Taking the first-order condition yields the following expression for

the optimal price PM":

o0 . M —€M
7 Tiiri M*
E: > (0mpB) Aiiri (_P%Z Sty My

pM* _ €M i=0 _ ) (36)
! e — 1 - i T\ TN o
Ee S (0mB) Apsys (_P:) PM M,
i=0 s

From equation (33), we derive the following law of motion for the imported good price

index:

P = [0 (T PM)' ™ 4 (1= ) (PM) 7] 7 (37)

Therefore, conditions (34)-(37) determine the behavior of the price of imported goods.
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2.2.4 Sectoral Intermediate Producers

The decisions of inputs and prices made by intermediated good producers can be broken

down into two problems.

Input Choices In the second production stage, there is a continuum of intermediate good
producers indexed by j € [0, 1] in each sector. These firms combine domestic and imported

inputs through the following CES production function:

€ 1 eg—1 | eg—1

YH = (@) (VP,) 5 + (1= ) [(1— DY) MA] L3

j7t

where as before H = C,1,G, X, M/} is the imported input, I}/ (r/}) is an adjustment
cost associated with the imported input, which is a function of the imports-to-output ratio

H —
ijt =

MU /Y, wy € [0,1] is the weight of the domestic input in the production function,
and eg > 0 is the elasticity of substitution between the two inputs. We assume the following
functional form for the adjustment cost:
2
ritofy - % () 1)
t—1 t—1

where 937 > 0 and Z i1 1s a shock to the adjustment cost that shifts the demand for imports.
This formulation is based on Bayoumi et al. (2004) and Christoffel et al. (2008), and implies
that it is costly for the firm to adjust its current imports-to-output ratio relative to past
sectoral imports-to-output ratio. The above formulation satisfies T'}/; = T'}f = 0 in the
steady state, where F%’t is the derivative of the adjustment cost function, and has two
convenient properties. First, it helps to slow down the response of the import share to
fluctuations in the relative price of imported inputs. Second, it allows imported inputs to
respond quickly to shifts in the demand for the home good. In other words, imports respond
more slowly to price movements induced by changes in the exchange rate or external prices
than to domestic demand fluctuations. This feature is consistent with the empirical evidence

for Brazil.
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Each sectoral intermediate good producer takes as given the input prices and chooses the
combination of inputs that minimizes its total cost

i, {PPYE o+ Lo (RISE -] UMY, Vi€ H

2
subject to the technology constraint (38). The parameter ¢y is the fraction of the im-
ported input that must be financed abroad through intra-period loans at the net interest
rate R} SP" — 1. This working capital constraint captures some of the observed trade credit
frictions and helps to replicate the negative co-movement between investment and the coun-
try risk premium. It amplifies the effect of shocks to the country risk premium on imports.?
Let M Cﬁ” be the Lagrange multiplier (in nominal terms) associated with the technology
constraint and define P}}{t = [1 +im (R;"StB* — 1)] PM as the effective import cost in sector
H. We assume that all firms in the same sector face the same technology and effective import
cost and have adjustment costs that do not depend upon firm’s history. Thus rft is the same
across firms and so is the real marginal cost. Therefore, we can drop the subscript j from Tft

and M Cﬁ Taking into account these properties, the first-order conditions characterizing

the optimal choices of Y;Dt and M fj can be written respectively as:

D ‘PtD o H
Yije=wn\yem ) Yie (39)
t
M o
1—wpy PHt H
M, = ’ Yii, (40)
! (1 - F%t> (1-ry, -y mctn )t

where T (rH) = TM/(rH)MH. Note that T and ')/ are also the same across firms. Lastly,
substituting the optimal input-output ratios into the technology constraint pins down the

nominal marginal cost in sector H:

17€H ﬁ
PM
N

Hn D\ 1—e¢
MCt = wH(Pt ) H+(1—wH) (1_I‘M _I_‘MT
Hit Hit

3Using the estimated model, we observe that, in the case of a shock to the country risk premium, the
reduction in imports is around 30% higher (in the first two years) when compared to a model with tip =0
(keeping all other parameters constant).
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which is simply a weighted average of the costs of domestic and imported inputs. Note that
the share of imports varies across sectors. In particular, we assume that the production
of government goods does not use imported inputs, that is, wg = 1. Thus government

consumption is a purely non-tradable good whose nominal marginal cost of production is

given by MCF™ = PP,

Price Setting in the Government Consumption and Investment Goods Sectors
We now describe the price choices of the intermediate good producers in the sectors that
produce government consumption and investment goods. As before, prices are set according
to Calvo contracts. In each period ¢, with probability 1 — fy, each intermediate good firm
j € H — where in this subsection H = GG, I — sets its price optimally, and with probability

Ay it adjusts the price according to the following indexation rule:
P ="T0P Pl JeH=GI, (42)

with the following indexation factor that weights past sectoral inflation and the inflation
target:

C

T = ()™ (1), (43)

where wy € [0, 1] is sector H indexation parameter, and the gross inflation rate in sector
H =G, is given by 11! = PH/PH,.
Intermediate good producers, when setting prices optimally, maximize the value of the

expected discounted flow of profits:

o S (048) A (Tfmpfj - MOfif) YA, VieH=aG,I,
ith =0
subject to the demand constraint (23) and indexation rule (42), where the nominal marginal

cost M Cﬁ? is given by equation (41) and

i i wH (T 1-w .
b [Ti-s (Hfik_l) " (Ht+k) P>
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is the indexation factor accumulated between ¢ and ¢ + .

The first-order condition with respect to the optimal price PH" = P

i1, along the sym-

metric equilibrium, is given by:

1—ef .
00 ; TH ; H,t+i eoP
By (61B) Avvs (—;;;) (PE) e P (e = 1) = (4)
i=0 t+i

00 TH TCH t+i P L
i tt+i H*\ ~C€H,t+i~ Hn~y -H P
E, E (Oupb) Aty DH (Pt ) Mct+i Yt+z‘€H,t+i'
i—0 t+i

Using equation (24), we derive the following law of motion for the sectoral price index

PH in sector H = G, I:

1
PtH _ |:6H (Tflptlil)l_ﬁfl’t + (1 _ GH) (PtH*)lfeg,t] 1*651,1& . (45>

Therefore, conditions (42)-(45) determine the behavior of the prices of government con-

sumption and investment goods.

Price Setting in the Consumption Goods Sector We have two types of intermediate
producers in the consumption goods sector. They have the same technology, solve the
same cost minimization problem and face similar downward-sloping demand curve for their
products. Nevertheless, they do differ with respect to their pricing policies. A fraction
1 — wy of firms in the consumption goods sector choose their price in the same way the
intermediate good producers of the other three sectors do. We call this group freely-set price
firms, denoting this set by F'. In each period a firm j € F faces a constant probability 1 —60g
of choosing its price optimally and a probability 6 of adjusting its price according to an

indexation rule, which is similar to (43):
Pj,=Y{Pj, . Vj€EF, (46)

where the indexation factor is a weighted average of past overall CPI inflation and the

inflation target:

T = (C,)“F (T )\, (47)
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with weight wr € [0, 1]. To be more consistent with actual informal price indexation schemes,

the rule includes the inflation of the (overall) CPI instead of that of freely-set prices.

On the other hand, if the firm is allowed to choose its price optimally, it does so by

solving the usual price optimization problem:

max E, Z (epﬁ)i Attt (Tfmpﬁ - MCS:) inwa VjeF,

KA —
subject to the demand constraint (23) and indexation rule (46), with the following indexation
factor accumulated between ¢ and ¢ + ¢:
1 1=0
F )
Tt,t+i = { > 10

j w — 1-—w
[Ty ()™ (Mesr) "0 2
and M Cgr? is the nominal marginal cost incurred in the production of consumption goods,

given by equation (41).
In the symmetric equilibrium, the optimal freely-set price P is determined by the usual

pricing condition:

1—eb .
- ; Th ) O e B
By (0r5) Ao < o ) (P7) o PLY S (i —1) = (48)
i=0 t+1
P
) 4 Tf‘t+l EC,t—Q—i - _EP -1 o o p
EtZ(QFﬁ) A Pb (Pt ) T MCOY €0
i=0 t+1
Using equation (24), we can find the law of motion for the freely-set price index:
1
(49)

PF = [05 (TFPE) 0 4 (1= o) (PF) 6 T E

We now turn to the fraction w, of consumption good producers. A firm indexed by

J € [0, 4] is not free to choose its own price and must follow an exogenous pricing policy.

Their prices are regulated or administered by the government. They include the prices of oil

by-products, public utilities (electricity, water, telephone), bus fares, medications etc., and

27



account for about a third of the overall CPL.* Their prices are either set by the government or
follow contracts settled with government agencies. Administered prices are less sensitive to
demand conditions and are usually set in a backward-looking manner (Minella et al. (2003)).
We denote this set of firms by A, where AU F = C.

Let PJAt be the price of firm j € A. We assume that, in each period ¢, a fraction 64 of
firms are drawn randomly from the set A and are allowed to set their prices according to a
pre-specified rule Y. The remaining fraction 1 — 4 of firms that were not drawn by the

rule simply update their prices according to the inflation target ﬁf > Therefore,

A TAP i1, with probability 64
e H PA i1, with probability 1 —64.

In practice, administered prices are usually allowed to change once a year. So we set 04 =
1/4. Electricity and telephone rates explicitly follow contract-based rules, which mandate
price adjustments according to the past four-quarter CPI inflation, the past four-quarter
change in the General Price Index (IGP) — which is largely affected by the exchange rate®
— and past changes in costs. Since the model does not have an equivalent to the IGP, the
pricing rule will capture this factor through the CPI inflation and movements in the real
exchange rate. The majority of the other items of administered prices, in practice, follow
past four-quarter CPI inflation very closely. Taking this into account, we chose the following
functional form for the indexation factor Y4
XA

(1) (32)" (i) | et o

4To simplify the model we assume that all producers of consumption goods have identical technology and
only differ in their pricing decisions. Modeling administered price firms as belonging to a different sector
would add adittional undesired complexity. Our interest is in the differences in terms of price settting and
not in the particular behavior of the production of those groups. See Freitas and Bugarin (2007) for a
different approach, where they develop a multi-sector but simpler model to study the welfare and monetary
policy implications of administered prices.

5Since the long-run inflation rate is positive, this is simply a technical requirement in order to prevent
permanent distortion in relative prices.

SIGP is comprised of the Broad Producer Price Index (60%), Consumer Price Index (30%), and Civil
Construction Cost Index (10%).

T =14
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_ —o\ 1—4x
where T4 = <HC> " is a constant ensuring that in steady state T4 is equal to the steady-

state inflation target ﬁc, MCE = MCF"/PC is the real marginal cost of the consumption
goods sector, vl and v% are positive weights (total weight is given by 1 + v} + v%), and
QF = PF/PF is the relative freely-set price, raised to the exponent (1 — y ), which ensures
that freely-set and administered prices do not diverge permanently. The term Z7 is an AR(1)
process that captures shifts in the administered prices that are not modeled explicitly. Its
exponent is just a convenient normalization. The rule captures key features of the behavior
of administered prices in Brazil: i) backward-looking nature; ii) indexation has long lags
(up to five quarters); and iii) key role played by the CPI inflation, but also allowing for the
effects of changes in the exchange rate and production costs.

Because all administered price firms always update their prices randomly and since the

rule T# depends only upon aggregate variables, we can define the overall administered price

1
= (2 warta) T
WA Jjea 7

Solving for the integral and simplifying further yields the law of motion for administered

index as follows:

prices, which in turn implies the following equation for the administered price inflation:
1
1 = (04 (1) '~ + (1 —0) (TI) 16| T8 (51)

where [T = PA/P” . Note that, in the long run, T4 = I and all administered price firms
will adjust their prices according to the steady-state inflation target.
Starting from equation (24), the aggregate CPI can be expressed as a weighted average

of the freely-set and administered price indices:
—e& R e
PE = |ma (B 76 4 (1= @a) (PF) 7560 | (52)

We can then derive the (overall) CPI inflation, which is a weighted average of the inflation

rates of administered and freely-set prices:

1
P

P l_fg,t PF 1—Eg,t I—coy
wa (I +(1—wa) (I , (53)
Py Py

Iy =
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where I1I/' = PF'/PF . As in the data, the CPI inflation in the model displays a slow-moving
component with strong backward-looking dynamics (IT#'), and a component that is more
susceptible to forward-looking behavior (I1I"), although also affected by backward-looking
behavior (indexation parameter wp). These features help to replicate the actual Brazilian
inflation dynamics, which display relatively high persistence overtime and slow response to
changes in the monetary policy stance.

Therefore, the behavior of consumer prices is described by equations (48)-(51) and (53).

Price Setting in the Exported Goods Sector The price setting in the exported goods
sector is analogous to that in the previous subsection, except for the fact that exporting firms
set their prices in foreign currency. Let Pﬁi be the foreign-currency price of the variety sold
by the jth intermediate producer of the exported good. In each period t, with probability
1 — fx, each intermediate good firm j € X sets its price optimally, and with probability 6 x

it adjusts the price according to the following indexation rule:
Py =10 P, (54)

where the indexation factor combines past sectoral inflation in foreign currency and the CPI

inflation abroad:

T = (I5) ™ () e, (55)
with indexation parameter wy € [0, 1], and the gross inflation rate in the export goods sector
given by ILX = PX/PX,.

The producer of the intermediate exported good who sets its price optimally maximizes

the real value of the expected discounted flow of profits in local currency as follows:

max By > (0x8) Aasi (TS0 P = MK ) Vi,
1=0

{P}

subject to the demand constraint (23) and indexation rule (54), where

X _{1, i=0
T M ()™ (M) i > 1,
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and the nominal marginal cost is given by equation (41).
Along the symmetric equilibrium, P, = PX", so that the first-order condition with

respect to P % 1s given by:

1—e
o0 ; Yo\ T xR
E; Z (GXB) At,t+i < .Fi)t;_ > (PtX ) e StJrl]Dt—HY;f-l—z (eX t+i 1) = (56)
i=0 t+1

o TX X t+i P

i t,t+i X*\ TEX i T Xny X

E, E (0x15) Aty pX (Pt ) CtJrz Y;—HEX i
i=0 t+l

The law of motion of the export price index P/ is given by:

1

= [ox (xFRE) TR (=) ()R] (57)

Therefore, the behavior of export good prices can be described by equations (54)-(57).

2.2.5 Foreign Importers

We assume that exports X; from Brazil is a homogeneous good before it leaves the dock, but
it is a differentiated good in the world market. By symmetry with the domestic economy,
the Brazilian exported good is used as a production input in the rest of the world (ROW).
The export assembler ships the Brazilian good abroad at the foreign-currency price P/ .
In turn, foreign producers combine imports from Brazil, M}, and inputs produced in the
ROW, Y,”". By symmetry with the domestic economy, the foreign production function is

the following;:

*
€

ve= @ l-n) ] T ra-e )T T e

where, of course, M = X;, € > 0 is the elasticity of substitution between Brazilian exports
and the inputs produced in the ROW, w™* is the share of Brazilian exports in the ROW

output bundle, and I'M” is an import adjustment cost, given by:

LM et XY ?
M = ZM *#—1) , 59
vt (@ 0
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with 9" > 0.
The foreign producer chooses the optimal combination of Brazilian and ROW inputs as
to minimize its total cost:

min  {PPY,”" + PXX,},
}

{X:,Y,P*
subject to the technology constraint (58). The first-order condition with respect to X

generates the world demand for Brazilian exports:

t — 1 - F{g\l* (1 . F,{W* o Fiw*T) t

where as before T)"" is the derivative of the adjustment cost function, QX" = PX" /P is

the relative price of Brazilian exports in foreign currency, and P;* is the Lagrange multiplier
associated with the constraint. Since we are not modeling the ROW in a full way, we assume
from now on that Py = PL", that is, the price of foreign final goods is equal to the price of

foreign consumption goods.

2.3 Government

Government comprises monetary and fiscal authorities. They follow rules that are meant to
describe in a concise way the modus operandi of the Brazilian monetary and fiscal policies,

given by explicit targets for inflation and for the public sector primary surplus-to-GDP ratio.

2.3.1 Monetary Policy

The goal of the monetary authority is to stabilize CPI inflation around the inflation target,
using as instrument the nominal interest rate, according to the following forward-looking

Taylor-type rule:

ls 1 1-vg

(ZZ)G (Etngt+4)% ( Y, )W

N

t—3,t+1

C
Ry = (R 1)™" (H 2 I
(ﬁft+4) ’

Y
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where 7, € (0,1) is an interest-rate smoothing parameter, v > 1, vy > 0, ZtR captures
monetary policy shocks, IIf, , = [1., 1S, = PS,/PC is the four-quarter inflation rate,
and ﬁf = Hle ﬁtcﬂ- is the four-quarter inflation target. In Brazil, the actual target refers
to the inflation in the calendar year. It is set in June for the calendar year that starts
one year and a half later. Thus we assume the target is known by agents four quarters in
advance in the model. We use a four-quarter horizon for inflation in order to capture the
forward-looking nature of the conduct of monetary policy. The term (ﬁtc_ 3. +1) ! (z# )U /3
is the equilibrium nominal interest rate (or the nominal natural rate of interest).

The rule also allows for a direct role played by the output gap, which is defined as Y;/ ZY,
where Z,Y is the output level along the balanced-growth path. In other words, the output
gap is the deviation of the actual output from the output in the balanced-growth path. Our
measure of the output gap is similar to those by Adolfson et al. (2007), Christoffel et al.
(2008), and Del Negro et al. (2007)."

We assume a time-varying inflation target as to capture the behavior of the inflation
target in Brazil, which varied from 1999 to 2005, and has been kept constant since then
at 4.5% per year. For the purposes of estimation and simulation, we assume that the CPI

inflation target is conveniently described by an AR(1) with a potentially high degree of

(ﬁft+4) : - (ﬁc> e ((ﬁwfc—él,t) }1) " exp {5tﬁc} : (62)

2.3.2 Fiscal Policy

persistence:

The current fiscal regime in Brazil has been in place since 1999. The fiscal authority an-
nounces annual targets for the nonfinancial public sector primary surplus as a proportion of

GDP, which in general have been fulfilled. The government’s ultimate goal is to stabilize

Tt differs from the output gap defined as deviations from the long-run output that would prevail under
full price/wage flexibility and no markup distortions (model-consistent output gap), as in Smets and Wouters
(2003, 2007), and Woodford (2003). The advantages of our output gap measure are that is does not require
the computation of the flexible price/wage equilibrium, seems to be preferred by the data, at least when
estimating DSGE closed economy models for the US (Del Negro et al. (2007)), and is closer to the usual
definition of output gap used by policymakers.
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(or even reduce) the public sector net debt-to-GDP ratio. So the primary surplus is an
intermediate target.
Thus, we set up an equation where the actual primary surplus responds to the announced

targets, with a smoothing component,® as follows:
St =5"+065 (51— 8") + 05 (5 = 5") — sa’, (63)

where ¢g € [0,1), ¢g > 0, S/ is the (actual) primary surplus-to-GDP ratio (SI'/P}Y}), S!
is the nominal primary surplus, ?f is the target for the primary surplus-to-GDP ratio, S”
is its long-run value, z¢ is a shock to the primary surplus, and sg = (Q°G)/(QYY) is the
steady-state share of government consumption in GDP (Q¢ = PY/P¢ and Q¥ = PY/P¢
are the corresponding relative price deflators, and G and Y are the stationary steady-state
values of government, consumption and real GDP).”?

As we will see shortly, since the tax rate is exogenous, the fiscal instrument implied by
the rule is government consumption. In other words, deviations of the primary surplus from
the target are corrected endogenously by changes in government spending. Thus we interpret
z& as unexpected shifts in government spending. Scaling the shock by s¢ is just a matter
of convenience. An exogenous change in government consumption by one percent will shift
the primary surplus-to-GDP ratio by sg. In other words, in order to reduce the primary
surplus-to-GDP ratio by one unit, government consumption should rise by 1/ss percent.

Since the primary surplus target in Brazil has been, in general, set to stabilize the public

sector net debt-to-GDP ratio, we assume that the primary surplus target evolves according

to the following rule:
5 =5+ p5 (S = 5") + o5 (B) = BY) + 7, (64)

where pg € [0,1), ¢5 > 0, BY = B;/PY Y, ; is government debt as a proportion of GDP!?,

8We also allowed a specification that included a countercyclical component in the rule. However, we have
not found robust results in the estimation. Note that, in the case of the countercyclical fiscal policy launched
in the end of 2008 and 2009 to respond to the global crisis, the primary surplus target was reduced.

9Valli and Carvalho (2010) also model fiscal policy in Brazil using a rule based on the primary surplus.

0Remember that B, is a pre-determined variable in period ¢, i.e., decided in ¢ — 1.
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BY is its long-run value, and gf is a shock to the primary surplus target. Technically, this
equation also guarantees that the government debt-to-GDP ratio is stationary.

The nominal primary surplus is defined as the difference between non-interest government
revenues and expenses, which in the model is given by the difference between nominal net

tax revenues and nominal government consumption:
St =TAX!" — PEG,, (65)
where TAX]' is aggregate nominal tax revenues in net terms:
TAX! = wreTF"WIN, + (1 — wrp) T — TP (66)

For simplicity, we follow Medina and Soto (2007) and assume that total taxes are a

time-varying proportion of nominal GDP:
TAX] =T, (F}Y:), (67)
where T; is the average tax rate, which we assume is exogenously determined:
T,=T+pr (T, —T) +¢, (68)

where T is the steady-state average tax rate, and €! is a shock to the average tax rate.

We further assume that the tax rate faced by rule-of-thumb households, T, is equal to
the average tax rate of the economy, T;. Notice that because T = W N, the lump-sum tax
levied on optimizing household must adjust as to ensure that condition (66) is satisfied in
each period. In other words, from the government’s point of view, (1 —w RT)TtO’" is a residual
taxation given by T, (P)Y; — wrrTFTW,N;) + W'N. Alternatively, we could have assumed
in the model the presence of distortionary taxes rates on several margins (consumption,
labor income, capital income, profits, etc.). However, since our focus is on the business cycle
effects of government spending and not on the effects of different tax structures, we decided

to have a simpler formulation for aggregate taxes.
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Using equations (65) and (67), the primary surplus-to-GDP ratio can be written as
T, — (PtGGt) / (PtYKg), which can be rearranged to express the behavior of government con-

sumption consistent with the primary surplus rule:

PYY,
Gt - L Gt
B

(T: — 5. (69)

As mentioned before, for a given exogenous tax rate, changes in the primary surplus are
obtained through changes in government consumption. In the case of Brazil, adjustments in
spending tend to take place faster than changes in tax rates. For instance, large part of the
taxes are not allowed to be changed during the fiscal year. The equation also implies that,
given government goods relative price and the tax rate, changes in output require propor-
tional changes in government consumption in order to keep the primary surplus constant.
Thus, in this setup, fiscal policy is not countercyclical.

Now we derive the law of motion of the government debt. In each period ¢, the government
receives a flow of tax revenues and issues one-period non-contingent bonds at the interest rate
R;. The government uses these proceeds to pay for its expenditures and for the outstanding

debt. Therefore, the flow budget constraint for the government is given by:

B
PYG,+ B, = 51 +T,(P'Y,). (70)

t

Dividing both sides by current nominal GDP and using identity (69), we obtain the expression
for the law of motion of government debt:

Bl =R (Gt - ) ()

oy, t ]

where I} = P} /PY | is the gross GDP deflator inflation. Note that a rise in the interest rate
set by the monetary authority raises the government debt, which by equation (64) increases
the primary surplus target, and consequently by equations (63) and (69) leads to a reduction
in government consumption. Therefore, the model allows for direct effects of monetary policy

on fiscal policy.

36



2.4 Rest of the World

We do not model the rest-of-the-world economy, but instead assume that foreign variables
follow AR(1) processes, describing the dynamics of detrended world income Y}, foreign
inflation I1¢", foreign investors’ risk aversion V}*, interest rate R}, and relative price of

imports in foreign currency QM = PM" /P, The equations are described in Appendix A.

2.5 Shocks

The remaining variables affecting the domestic economy are the shock processes, which are
also modeled as AR(1) processes. They are the shocks to household preference (Z), coun-
try risk premium (Z7"), transitory technology (ZP), permanent technology (trend growth
rate) (Z/), investment technology (Z/), import demand (ZM = Zjf,, H = C, I, X), export
demand (Z}"), productivity differential (z;), price markup (¢f;,, H = C,G,I,X), wage
markup (g}"), administered prices (Z{!), monetary policy (Z[?), and fiscal policy (govern-
ment consumption) (). Note that we assumed that the shock to import demand Z }{‘{t is
the same across sectors. Additionally, because the UIP condition is known to have a very

poor fit to the data, we add the ad hoc shock th to its log-linear version.

2.6 Aggregation

In the model, the aggregation of quantities of differentiated goods goes through the Dixit-
Stiglitz aggregator ("weighted" average), and the simple aggregation is basically an "un-
weighted" average. The difference between the two values arises from price or wage distor-
tions, which, because of full indexation, vanishes both in the steady state and when we take
first-order approximations around the steady state. We adopt the convention of expressing
unweighted variables with a hat, X,

In the intermediate goods sectors, the unweighted aggregation over all firms j in each

sector H = C,I,G, X is given by Y}/ = fol Y/ldj. Using equation (23), we can find the
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relationship between weighted and unweighted output sectors:

—eb
vHE — NEEATS YH dj 72
t = . P_tH ¢t aj, ( )

which can be expressed more concisely as follows:

_¢P
R pH H,t
Vi = (P_sz) v, (73)

where Y,/ is the sectoral output based on the standard Dixit-Stiglitz aggregator (22), Y/tH is

the unweighted sectoral output, and ]%H is the unweighted sectoral price index, defined as:

.
P

1 P €Ut
Pl = ( /0 (Pf) dj) i (74)

So (ptH /PH > e measures the price distortion in sector H. It can be shown that in the
steady state Y7 = Y and after taking first-order approximations y” = ¢, which represent
log-deviations from the steady state. Similar relations are found in the import sector (just
replace Y,V PH PH and P!} by M, M,, PM PM and P}, respectively).

When aggregating labor across households, we also find similar results. Defining N, =

fje RT N dj+ fj o N;+dj, and using the fact that W;}t = W " 7 € RT, we find the following
relationship:
RN
. Wwn ’
Nt = |WprT + (1 - wRT) (ﬁ) Nt, (75)
t

where N, is total labor based on the standard Dixit-Stiglitz aggregator (16), N, is the

l—wRr Jit

Z 76W . 7€W . .
unweighted total labor, and W} = (; / (W”) ¢ d]) " is the unweighted wage.
Lastly, we assume that each type of household provides the same amount of overhead labor,

so that in equilibrium f Nj «dj = wrrN and f ]’tdj = (1 —wgr) N.

JERT

The aggregation of homogenous goods or assets is straightforward. Aggregate consump-

tion is the weighted average of the per capita consumption in each group:
Cy = wrrC" + (1 — wrr) C, (76)
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where C and C*T" are given by equations (9) and (21), respectively.

Since we assume that rule-of-thumbers’ wage rate is equal to the average wage rate of
optimizers, then per capita wage rate W} is equal to Wto’", whose law of motion is given by
equation (20).

In equilibrium, the allocations of new capital goods, installed capital and bond holdings
are the same across all optimizing households, and the aggregate variables can be expressed,

respectively, as:

j€O j€0 jeo je0

where [;, K;, B; and B; are the corresponding economy-wide counterparts. Note that G,
and X, already represent aggregate figures.

Finally, we derive the law of motion of net foreign assets. We aggregate the budget
constraints of all households, along the symmetric equilibrium. Using many of the previous
aggregation results, the government flow budget constraint (70), the definition of the real
exchange rate, and the facts that [ =ldj = 0 and that 1l D7,dj collects all profits, we can

write the law of motion of net foreign assets as a proportion of GDP as follows:
By, _ (Y1 Q I

Ry SY IYY; Qo TIE”

where By, = S,By,,/P)Y;, NX} is the net exports-to-GDP ratio (or trade balance-to-GDP

) B+ NXY— L, (78)

ratio), given by

NXY =

A~ —€EN «
SiPXX, (PtM) S,PM" M, (79

Y, \B¥ PYY,
and L;” is defined as total payments of interests on external borrowing by firms as a pro-

portion of GDP:
X PMME
L*y=§ vy (RESP —1) L. 80
t H( t~t ) PtY}/; ( )

H
Note that (Qtﬂf) / (Qt,lﬂf ) = Sy/S;_1. Therefore, the evolution of net foreign assets-

to-GDP depends on the trade balance, income account (interest on loans and bonds) and
"accounting terms", given by GDP growth and the difference between GDP deflator inflation

and nominal exchange rate change.
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2.7 Market Clearing and GDP

We start by the market clearing conditions in the final goods sectors. In equilibrium, the

aggregate supply of sectoral good H is equal to the aggregate demand for that good:
YO=Cy; Yi=1; YS=G; YS=X,. (81)

In the inputs market, total domestic input supplied by domestic input producers to sector
H = C 1,G,X is equal to the total demand for domestic inputs by all firms j operating
in sector H: fol Y}7;.dj = Yi7,. The behavior of total sector demand for inputs, in turn, is

obtained by aggregating equation (39) and using condition (73):

_eP

PD —€H PH H,t
Yy, = : =i v 82
Hit wH( Ct[—[,n> (PtH> t ( )

Aggregating across all sectors gives the market clearing condition for the domestic input:

VP =YE + YL+ YR + Y, (83)

By the same token, total supply of imported inputs in sector H = C, I, X is equal to the total
demand for imports by all firms j operating in sector H: fol M{,dj = M/". The behavior of
the total sector demand for imported inputs is obtained by aggregating equation (40) and

using condition (73):

o -
1— PY py "
M= | = - e A

and aggregating across all relevant sectors yields the market clearing condition for the im-

ported input:
M, = ME + M! + M. (85)

In the case of stock variables, the aggregate demand for K;, B;, and B} (77) should be
equal to the corresponding aggregate supply.
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Finally, since we express real GDP as Y; and GDP deflator as PY, nominal GDP is
given by PYY;, which is defined as the difference between total nominal values of domestic

production and imports:
pM —€M
PYY, = P°C,+ PI, + P°G, + S,PX X, — S,PM" <L> M;. (86)

Therefore, the definition is consistent with the nominal value-added concept used in National
Accounts. Note that we have to include the import price distortion term since we aggregate
over imported differentiated goods.

Because we do not have an equilibrium condition that pins down either real GDP or the
GDP deflator, we need an additional equation to determine one of these variables. We model
the GDP deflator in such a way that changes in relative prices (price of goods in equation
(86) relative to the GDP deflator) play no role in the real GDP dynamics. In other words,
in the linear version of the model, changes in the real GDP will depend only on changes in
the volumes of the aggregate demand variables and not directly on changes in the relative
prices of the corresponding goods. This means that, in the model, changes in the real GDP
are computed at constant weights.

This is equivalent to say that the level of the GDP deflator is given by:

s s ST ED'e * PM B
Py = (PF)(PF) (P (S:PX)™ | SpY (é—M> ] , (87)

. .. . _ piyd . _

where s; is the share of component j in nominal GDP so that s; = o) = C.G, 1,
_ SPXyX _ SPM" N1 _

Sx = Ty SM = e s and D is; = 1.

2.8 Balanced Growth Path, Steady State and Log-Linear Model

The next step of model derivation is to put the model into the stationary form. SAMBA
has two stochastic trends or sources of unit roots, a real one whose stochastic growth rate
. . . . =C

is Z7, and a nominal one whose stochastic growth rate is II, . Along the balanced growth

path (BGP), all real variables in the model, except for labor, grow at the same rate ZZ,
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whereas the levels of all nominal variables, except for nominal wages, grow at the same rate
ﬁtc . Nominal wages embody the two unit roots.

Therefore, to cast the model in the stationary form, we divide all real variables by the
level of technology Z;. Similarly, we make all nominal variables stationary by dividing their
corresponding levels by the numéraire PC. As for nominal wages, we divide them by both
Z; and PF. Some variables, including labor, ratios to GDP and financial variables, such as
interest rates and foreign investors’ risk aversion, are already stationary.

Finally, as in Christoffel et al. (2008), we detrend foreign output by the level of technol-
ogy prevailing abroad, Z;, and assume that both Z; and Z, share the same long-run growth,
but may differ in the short run due to asymmetric temporary shocks affecting the produc-
tivity level at home and abroad. Therefore, the productivity differential Z; /7, is stationary.
Foreign-currency prices of exports and imports are detrended by the consumer price abroad
PE". The details, including the list of the transformed equations, are presented in Appendix
A.

Next, we derive the deterministic steady state of the stationary model, whose details are
presented in Appendix B. We then log-linearize the BGP equilibrium conditions around the
deterministic steady state. Appendix C provides the list of the resulting linear equations,

which are used in the estimation stage.

3 Estimation

The model was estimated using Bayesian methods.!! This procedure allows the use of
available information, in the form of prior distributions, and the use of observed data to
update these priors, providing the calculation of the posterior distributions of the estimated
parameters. Technically, it also helps shaping the likelihood function, which is particularly
important for the estimation of large DSGE models. In the case of Brazil, the estimation

of such models by classical full information methods (e.g., maximum likelihood and GMM)

HSee, for instance, Canova (2007).
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is even more difficult because the data sample span is very short. In practice, the Bayesian
approach is a bridge between calibration and classical estimation. Calibration methods do
not incorporate information from the likelihood, but likelihood estimation is not technically
possible. The Bayesian estimation makes possible to estimate otherwise weakly identified
parameters by incorporating prior knowledge or judgment.

Our model encompasses a total of 118 parameters, of which 37 are calibrated and 81 are
estimated (33 are structural and 48 are shock-related parameters). In the next subsections,
we describe the data set and the variable transformation used in the estimation, the calibra-
tion procedure, the setting of the prior distributions of the estimated parameters, and the

estimation results.

3.1 Data and Shocks

We estimated the model using quarterly data spanning from 1999Q3 to 2010Q2 (44 data
points). We use 23 model variables as observables — 18 domestic and five foreign variables.
We list below the series and the symbol of the correspondent model variables. Table 1

provides additional details, including the source and treatment of each series.

e Domestic variables: GDP, Y;; households’ consumption, Cy; investment, [;; government
consumption, G;; exports of goods and services, X;; imports of goods and services,
M;; number of employed people, N;; real wage, W;; real effective exchange rate, Q)y;
country risk premium, SP”; inflation measured by the Broad National Consumer Price
Index (IPCA), II;; inflation target, ﬁtc ; free price inflation, I1; administered price
inflation, IT#'; export price inflation, ITX; nominal policy interest rate, R;; public sector
primary surplus-to-GDP ratio, SY; and public sector primary surplus-target-to-GDP

. oY
ratio, S;.

e Foreign variables: world imports, Y;*; relative price of imports, Q"; world (US) in-
flation, II}; foreign investors’ risk aversion, V;*; and world (US) nominal interest rate,

Rr.
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We have chosen this set of observables taking into account data availability, their relevance
for policymarkers’ decisions, and their role in explaining the variables of higher interest.
Furthermore, a large set of observables reduces the problem of identification.

To prepare the data for the model estimation, we detrended non stationary series, and
demeaned the stationary ones. Figure 1 provides the graphs of the series after being trans-
formed. For the series corresponding to the variables Y;, Cy, I;, Gy, Xy, M;, N;, W; and
Y, we applied first log-difference. We then demeaned the transformed series to eliminate
differences in the trends across growing variables. Regarding SP~, SV, gf, X, 11, V;* and
R}, we subtract the sample mean from their corresponding levels. In the case of the real
effective exchange rate, (Q;, we use percent difference from the sample mean. Since the price
of imports relative to world prices, Q" has a trend over the sample period, we make it
stationary using a linear trend procedure.

For the CPI-related inflation rates — II¢, IIF" and II — we subtract the inflation target
from these series, but using the target value in place since 2005, 4.5%. The target values for
the previous period are considered as transitional values (the targets were set to 8.0% and
6.0% for 1999 and 2000, respectively). In fact, the economic period starting in 2005 is more
stable than the previous one. In particular, on average, inflation has been close to the target
since 2005 up to the end of the sample, whereas the inflation average in the previous years
was much higher. From 1999 to 2004, the economy experienced the impact of the exchange
rate crisis in 1999, the challenges of implementing inflation targeting and a new fiscal regime,
and the confidence crisis with the presidential elections in 2002. Similarly, we subtract 4.5%
from the inflation target series, ﬁf . Since the targets are set for calendar years, we smoothed
the target trajectory using linear interpolation. In order to be consistent with the procedure
used for the inflation rates, we demean the domestic interest rate, R;, using the sample mean
for the period 2005Q1-2010Q2.

We add measurement errors in the equations for GDP growth and CPI inflation. In the

estimated linear model, CPI inflation is assumed to be a fixed weighted average between free
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and administered prices, and the weights of GDP aggregate components are assumed to be
constant as well. The measurement errors capture the effect of changes of the actual weights
overtime (CPI weights change every month, and, in the case of GDP, the actual weights are
fixed only for each calendar year).

Besides those 23 series, we also construct a proxy for the implied contribution of inventory
investment to GDP growth, I{"". The Brazilian Institute of Geography and Statistics (IBGE)
provides the calculation of the volume of gross formation of fixed capital, but not of inventory
changes. When we calculate the actual weighted growth rate of the five modeled aggregate
components, it does not correspond exactly to the actual GDP growth rate, whose calculation
is based on the output method. In other words, there remains a wedge between the weighted
growth of the five aggregate demand components and the GDP growth in the data. We treat
this wedge as the implied contribution of inventory investment to the GDP growth, although
it may also be capturing measurement errors of the other aggregate demand components.
This term is added to equation (C.41).'* If we did not take into account this wedge, we
would have a larger estimated measurement error in the GDP growth equation — resulting
not from the model, but from the actual data — and distortions in the output gap estimation.

The measurement equations for the non stationary variables are the following:

Ayfbs =Yt — Y1+ ZtZ7 (88)

where Ay corresponds to the variables in first log-difference listed in Table 1, y; is the

corresponding model variable in log-deviation from the steady state, and zZ is the permanent
technology shock in the linear form. The latter only enters the measurement equations of
variables that have real unit roots in the model.

The number of shocks is equal to the number of observables. We have a total of 23

shocks, plus the shock to inventory investment:

2Since this term is already in first difference (weighted by its contribution to the GDP growth), we add a
measurement equation for it, and the estimated deviation from the steady state enters the model equation
(C.41). Since it is a residual, we model it as an AR(1) process.
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e 17 shocks are associated with domestic variables: domestic risk premium shock, 7;
investment adjustment cost shock, €/; household preference shock, £¢; import adjust-
ment cost shock, e; administered price shock, £7'; price markup shock, ¢7; inflation
target shock, 5tﬁc, wage markup shock, £'; export price markup shock, &’ . transitory
technology shock, £; permanent technology shock, €Z; UIP shock, 6? ; country risk
premium shock, e, government consumption shock, £; tax rate shock, ¢7'; primary

surplus target shock, 5?; monetary policy shock, e~.

e Five shocks are associated with foreign variables: foreign inflation shock, el ; foreign

. * * . . . M
interest rate shock, e/¥'; world demand shock, &) "; imports relative price shock, 5? ;

*

foreign investors’ risk aversion shock, &} "; world imports demand shock , eM".

In the linear version of the model, we have added a shock to the UIP equation with the
objective of capturing deviations from the UIP condition. Note that the risk premium in
the UIP equation is usually treated as an unobservable in many DSGE models; so in these
models the risk premium shock also captures deviations from the UIP condition. In contrast,

in our model, we treat it as an observable, warranting the inclusion of the shock 5?.13

3.2 Calibrated Parameters

We calibrate 37 parameters — comprised of aggregate shares or ratios, steady-state values
that appear as parameters in the linear model, and some weakly identified parameters.
Table 2 presents the list of the calibrated parameters and the corresponding values used in
the estimation. We describe below the procedures used to find those values. In most cases,
we match the parameter values with their sample means.

The shares of aggregate demand components in GDP (s¢, sg, S1, Sx, Su) are based

on sample average calculated from the National Accounts. We match the tax rate 7 with

13The domestic risk premium is also an unobservable in the UIP equation, but it is subject to cross-equation
restrictions coming from the equilibrium conditions for consumption and investment.
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the sample mean of the government tax revenues-to-GDP ratio. The share of rule-of thumb
households’ consumption in total consumption, @¢, is set to 0.40.'

We calibrate two preference parameters. The time discount factor, 3 = 3 (Z Z ) R
0.989, is calculated taking into account the average GDP growth rate, the average domestic
interest rate (the policy Selic rate) over 20056Q1-2010Q2, and the 4.5% inflation target (equa-
tion B.9). The inverse of the elasticity of labor supply, 7, was not possible to be identified in
the estimation, and is set to 1, which is in the range commonly found in the business cycle
literature.

We calibrate twenty technology parameters. The gross growth rate, ZZ, matches the
sample average GDP growth rate of 0.9% per quarter. We follow the literature in the cali-
bration of markups in inputs and goods markets. First, we set the elasticity of substitution
between differentiated labor, ey, to 3, which implies a wage markup of 50%. Second, the
elasticity of substitution between differentiated intermediate goods in each sector, &, where
H = C,I,G, X, and the elasticity of substitution between differentiated imported goods,
€, are set to 11, implying a 10% price markup in goods market.

The weight of capital in the domestic Cobb-Douglas production function, o, matches the
average capital income share in GDP (0.448). In turn, the share of production labor in total
labor, ay, is set to 0.8. The depreciation rate of capital, d, is calibrated to 0.015, meaning
6% per year.'?

We have four technology parameters describing the weights of imported inputs in sectoral
production, 1 — wh, with H = C, G, I, X. First, we assume that government consumption
goods are produced without using imported inputs, that is, @2 = 1. Second, we calculate
the weights in the investment and exported goods using proxies for the share of imports
in these sectors. The value of imports of capital goods from the Balance of Payments

statistics are fully assigned to investment, and the value of imports of intermediate goods is

4We assumed that workers that receive up to 2.5 minimum wages in Brazil behave as rule-of-thumb
consumers. We used data on income distribution from the National Household Sample Survey (PNAD).

15This value is between the available estimations for the Brazilian economy, including those of Carvalho
(1996) and Bonelli and Fonseca (1998), and those commonly used in the literature.
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distributed among investment and exports according to their shares in GDP. In the case of
consumption goods, the weight was determined using the steady-state relationship (B.29),
so that it absorbs all remaining imported goods. Finally, using several calibrated parameters
listed in Table 2 and steady-state relations, we find the share of each sector in total demand

for domestic inputs (s2, sP, sB, s{) and in total demand for imported inputs (s¥, s}, s3),

as well as the shares of sectoral imports in GDP (syr.c, Sarr, Swr, X).16

We calibrate the sectoral working capital constraints, ¢y, for H = C, I, X, using data on
the value of imports that are funded by external financing. Since data does not allow us to
distinguish between sectors, we assume ¢y = 0.5 for all sectors.

We have two calibrated parameters related to administered prices. The weight of admin-
istered price inflation in overall CPI inflation, ws= 0.3, is set to the corresponding sample
average. The parameter governing the convergence of administered prices, x 4, is set to 0.8,
so in each quarter 0.2 of the relative price change is corrected.

Finally, we set the steady-state values affecting the law of motion of government and
external debt in the linear form. The net foreign assets-to-GDP ratio and the net government
debt-to-GDP ratio (B*Y, BY) correspond to the sample average of the net foreign debt and
net debt of nonfinancial public sector, as a proportion of quarterly GDP. We also make
interest rate payments in the model consistent with debt maturity. Since the model has
only one-period bonds, changes in the interest rate affect immediately the cost of the whole
outstanding debt. However, the average maturity in the data is higher than one quarter, so
shifts in interest rates affect only partially the interest rate payments in the current quarter.
Thus, in order to prevent the model from overestimating the impact of interest rate changes
on the outstanding debt, we scale down the interest rate payments implied by the law of
motion of both debts. These scale or adjustment factors of external and domestic debts are
denoted by AF}, and AFpg, respectively. We calibrate their values taking into account the
debt maturity and the share of debt that is indexed to the interest rate.

6See equations (B.30), (B.31), (C.35) and (C.36).
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The steady-state gross inflation target, ﬁc, matches the annual inflation rate of 4.5%, in
accordance with the target since 2005. The gross nominal interest rate, R, also matches the
sample average over 2005Q1-2010Q2. For the world gross inflation rate, II¢", we consider
the average US CPI inflation, and for the world gross nominal interest rate, R*, we use the
average Fed funds rate. The gross country risk premium, S”°, matches the average spread
of Brazilian bonds over US treasury bonds of equivalent maturities, and is measured by the

Emerging Markets Bond Index (EMBI) for Brazil.

3.3 Prior Distributions

Setting the priors for the estimated parameters involves choosing the type of the distribution,
its mean and variance. The type of the distribution was chosen to place theoretical or
convenient restrictions over the support of the parameters. For instance, beta distributions
are used for parameters restricted to be in the interval [0,1], and gamma and inverse gamma
for those restricted to be positive. Their variances were chosen according to our beliefs
regarding the probability mass that should be around the prior mean. In general, prior
information or judgment is surrounded by a large degree of uncertainty, so we avoided using
tight priors.

We estimated a total of 81 parameters, divided into two major groups: parameters related
to the endogenous transmission mechanism — preference, real frictions, nominal rigidities
and policy parameters — interpreted as structural parameters, and those related to the
shocks and AR(1) processes. We have used several procedures for setting the priors: studies
based on micro data, evidence for other countries, training sample, and specialists’ knowl-
edge. Table 3 provides a list of the prior distribution used for each parameter, and Figure 2
shows the shapes of the priors of the structural parameters and the corresponding posterior
distributions.

Four preference parameters were estimated. The prior of the inverse of intertemporal

elasticity of substitution, o, is normal with mean equals to 1.3, consistent with the evidence
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that this parameter is equal to or larger than 1.0. The habit persistence parameter, &, has a
beta distribution with a 0.85 mean, based on international evidence on the observed response
of domestic consumption to monetary policy shocks. Note that it implies a coefficient of 0.46
in the lagged consumption term in the linear Euler equation for consumption (k/ (1 + &)).
The priors for the elasticities of the country risk premium with respect to foreign investors’
risk aversion, ¢y., and net foreign assets, ¢ g., are inverse gamma whose mean are based on
regressions using data before the adoption of inflation targeting regime.

We have estimated nine technology parameters. We use gamma distributions with a
mean of 1.0 for the priors of the elasticity of substitution between domestic and imported
inputs (ec, €, €x, €), which imply Cobb-Douglas technologies. For the adjustment cost
parameters (v, 19?;4 , 0y, 9y, 19M*), we set diffuse gamma distributions because of the
uncertainty regarding their magnitude.

Regarding the priors for the twelve parameters governing nominal rigidity, we assume
beta distributions with a mean of 0.65 for the Calvo parameters (6, 07, 0g, O0x, Oun),
implying that prices are optimally adjusted on average every three quarters.!” We also set
beta distributions centered at 0.65 for the price indexation parameters (wp, wy, wg, Wx,
wyr). They are relatively large because we believe there are important inertial mechanisms
in the Brazilian economy, although we use loose priors for this set of parameters.

Turning to wage dynamics, we believe nominal wages are more rigid than prices in Brazil.
Wage negotiations in each workers category usually take place once a year. The minimum
wage, which is earned by a large number of workers, is also adjusted annually. Additionally,

the international evidence that wages are more rigid than prices is quite robust.!® Thus,

1"Using Brazilian CPI micro data, Gouvéa (2007) found a frequency of price adjustment of 1.3 quarter.
However, the mapping from the results from micro studies to the parameters in macro models is not one-to-
one. This occurs for several reasons. The theory of cross-sectional aggregation of dynamic processes shows
that slow macroeconomic adjustments maybe consistent with much faster average speed of adjustments at
the micro level (Altissimo et al. (2007)). Also, when calculating frequency of price adjustments using micro
data, all price changes are considered (optimal changes and indexation-based changes); therefore, a direct
mapping to the value of parameter #p is not adequate. Furthermore, the parameter is somehow model
dependent. For instance, a model with firm-specific capital generates different values for this parameter.

18See, for instance, Druant et al. (2009).
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we assume prior beta distributions with mean of 0.75 for the Calvo parameter 6y, implying
optimal wage adjustment every three quarters. For the wage indexation parameter, we use a
beta distribution with mean 0.65, but slightly tighter than that for price indexation, because
we believe more firmly in the presence of (informal) indexation mechanisms for wages.

The priors for the parameters in the administered price rule (v and v%) are based on
the information about the contracts governing electricity and telephone rates. The impact
of changes in the real exchange rate and real marginal cost is lower than that of the CPI
inflation.

Concerning the parameters of the Taylor rule, we chose relatively loose priors. We assume
beta prior distribution for the interest-rate smoothing parameter, v, with mean of 0.6 and
standard deviation of 0.15, and normal distribution for the coefficient on expected inflation,
Vi, centered at 2.0, with a 0.35 standard deviation. For the coefficient on the output gap,
vy, we use a relatively diffuse gamma distribution with mean equal to 0.25 and standard
deviation of 0.1.

The priors for the fiscal rule parameters (¢g, ¢g) were set considering that government
expenditure do react to primary surplus deviations from the target, but not as to meet
the target promptly. So, we use priors with mean at 0.4 and 0.35, respectively. The prior
distribution for the coefficient governing the reaction of the primary surplus target to debt
deviations, ¢, was set taking account the fact that the coefficient has to be positive, but at
the same time should not provoke unduly volatility in the primary surplus target.

The parameters related to shocks and variables modeled as AR(1) processes are estimated
using diffuse priors. We use beta distributions for the autoregressive coefficients, except for
that in the inventory investment equation, with mean 0.5 and standard deviation 0.25. The
priors for the standard deviations of the 24 innovations are inverse gamma with mean equal

to 1.0. We also use diffuse priors for the standard deviations of the two measurement errors.
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3.4 Estimation Results

We used the Dynare program for estimation (Stéphane et al. (2011)). Posterior distributions
for the parameters were computed using the Metropolis-Hastings algorithm, which relies on
the Monte Carlo Markov Chain (MCMC) procedure.'® Table 3 presents the mean and the
confidence interval (5" and 95" percentiles) for the estimated parameters. As mentioned
before, Figure 2 provides the graphs of the priors and posteriors of the structural parameters.

Observed data played an important role in determining the estimates for large part of
the parameters. In other words, the data was informative in the estimation process. Many
posteriors are tighter than their corresponding priors or are centered on different points of
the support. We can observe these patterns in most of the parameters related to rigidity
and indexation of price and wages, real frictions, and monetary and fiscal policies. The same
occurs for parameters of the AR(1) processes and innovations. The main exceptions are the
inverse of intertemporal elasticity of substitution, ¢ — usually of difficult identification —
the elasticity of substitution between imported and domestic inputs in some sectors, and the
administered price rule parameters.

Some results emerge from the posteriors for which data was more informative. The
posterior mean for the habit persistent parameter (k) was smaller than that in the prior,
implying, for %/ (1 + &), a mean of 0.43, instead of 0.46. The estimated sensitivity of the
country risk premium to net foreign assets (%) and foreign investors’ risk aversion (¢},) is
lower too.

In the consumption goods sector, the rigidity of freely-set prices is higher than the em-
bedded in the prior. As a matter of fact, the mean of the posterior of #p is 0.74, which
implies that, in the model, prices would be adjusted optimally every four quarters instead of
three. The estimation was rather informative — the 90% confidence interval goes from 0.68

to 0.81. On the other hand, the posterior mean of the indexation parameter for those prices

19We ran two blocks, with one million draws each. The resulting acceptance rates were 0.2366 and
0.2310. We disregarded the first 50% of the draws. The multivariate diagnosis indicates that the estimation
converged.
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was lower than the prior mean (0.33 against 0.65). Note that its complement, 0.67, does
not mean that prices are not indexed, but they are so to the inflation target instead of the
past inflation. Concerning wages, the estimation confirmed the degree of wage rigidity, but
indicated a lower degree of indexation to the past inflation than the embedded in the priors.
On the other hand, the likelihood was not informative about the parameters governing the
prices of investment goods and imported inputs in domestic currency, which is related to the
fact that those variables are non observables in the estimation.

Regarding monetary policy parameters, the estimations indicate relatively high degree
of interest-rate smoothing (mean of 75 equal to 0.79) and response to inflation (mean of vy
equal to 2.43), and a response to the output gap lower than the one set in the prior (mean
of vy equal to 0.15, which, for an annualized interest rate, corresponds to 0.60).2 For fiscal
policy, the means of the posteriors of ¢g and ¢g were a little higher than those in the priors,
but with a lower response of the targets to the debt level (parameter ¢p).

In terms of autoregressive parameters, we stress the high degree of persistence in the cases
of temporary shocks to technology and shocks to the domestic risk premium and exchange
rate. Concerning the standard deviation of the innovations, we should be careful about the
interpretation because, in some cases, the shock enters equilibrium conditions in the model
variables through a constant lower than one, implying in practice a lower volatility for the

variable.

4 Model Properties

In this section, we assess the empirical performance of the model. We report the impulse
response functions and evaluate how the transmission mechanisms of different shocks are

reproduced by the model. We also compare the sample moments with the model-implied

20The parameter means are higher than those found by Minella and Souza-Sobrinho (2009), which used a
single-equation estimation of the Taylor rule for Brazil, without including an output gap term. Their point
estimates for the interest-rate smoothing component and for the coefficient on expected inflation are 0.62
and 1.57, respectively.

93



moments, and calculate the variance error decomposition. Finally, we show forecasting

exercises.

4.1 Impulse Response Functions

We estimate impulse response functions for all shocks. In general, the responses are well
behaved, with the expected signs and hump-shaped paths. For the sake of parsimony, we as-
sess the responses to an interest rate shock, wage markup shock, investment shock, exchange
rate shock, fiscal shock, and permanent technology shock. Therefore, we are evaluating the
results of shocks of different nature — shocks to policy, aggregate supply, and aggregate de-
mand. Figures 3 to 8 present those responses. In Appendix D, we show the impulse response
functions to all remaining shocks. We record the path of the main macroeconomic variables
plus the shock of interest. The solid line is the mean and the shaded area represents the 90%
confidence interval, implied by the posterior distributions of the parameters. We present the
responses up to 12 quarters in order to focus on a more relevant horizon for monetary policy,

but they converge back to the steady state.

4.1.1 Interest Rate Shock

The economy is hit by an interest rate shock of 100 basis points (0.25% in quarterly terms)
(Figure 3). Household consumption and investment decrease, leading to a fall in output. The
presence of habit persistence in consumption and adjustment costs in investment makes their
responses hump-shaped, and so is the output response. Note that the response of investment
is stronger than that of consumption.

Due to the UIP condition, the higher domestic interest rate results in an appreciation of
the domestic currency (a drop in the exchange rate measured as units of domestic currency
per foreign currency). As a consequence, exports decline as expenditure-switching effects
push away the international demand from domestic goods towards foreign produced goods.
Since we assume pricing-to-market and price rigidity, the reduction in exports is not pro-

nounced though. In the case of imports, however, there are two transmission channels acting
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in opposite directions. Due to the domestic currency appreciation, import prices fall, putting
an upward pressure on imports. On the other hand, the fall in output pushes imports down.
The income effect prevails, resulting in a negative net effect on imports. Furthermore, the
reduction in imports is higher than that in exports, so net exports become positive. In other
words, the contractionary effect of a monetary policy shock improves the trade balance,
which is consistent with the empirical evidence for Brazil.?!

The downturn in output leads to a reduction in tax revenues. In order to meet the
target for the primary surplus, government lowers its consumption. Moreover, since the
lower output and the higher interest payments make the government debt-to-GDP ratio
to deviate from its steady-state level, government also raises the primary surplus target to
bring debt back to its long-run level. As a consequence, in the fourth quarter, the fall in
government consumption surpasses the output contraction. Therefore, fiscal policy behaves
in a procyclical way.

Because of the output downturn, demand for labor goes down, leading to a reduction in
nominal wages (not shown). The response of real wages is smoother and delayed due to the
initial drop in inflation. The lower demand for capital also reduces the rental rate of capital
(not shown). The combination of lower economic activity and exchange rate appreciation
— both pushing marginal costs downwards — drives inflation below the target. Notice that
inflation also displays a hump-shaped response. Moreover, the response of administered
prices is slower and less strong than that of freely-set prices, but at the same time is more
persistent. The trough of the four-quarter inflation of administered prices occurs in the sixth
quarter and is 0.20 percentage points (p.p.), whereas that of freely-set prices takes place in
the fourth quarter and is 0.31 p.p. This delayed and more persistent response is due to
the backward indexation rule assumed for administered prices and helps to account for the
observed persistence of the overall CPI inflation in Brazil.

In terms of timing, most variables are nearly back to the steady state in two years. The

2LSimilar result is found by Minella and Souza-Sobrinho (2009), who estimated a semi-structural model
for Brazil, using similar sample period.
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largest drop in the four-quarter CPI inflation occurs in the fourth quarter, and is around 0.25
p-p- Note that, since the monetary authority reacts to its own shock through the Taylor rule,
the interest rate in the first quarter is lower than 100 basis points and, more importantly,
is already close to zero in the fourth quarter. Keeping the interest rate fixed for one year

would generate a larger fall in inflation.

4.1.2 'Wage Markup Shock

In this subsection we analyze here a domestic cost-push shock, which also has direct demand
implications. A positive shock to wage markup immediately raises real labor income and
consequently the marginal cost of consumption goods and, therefore, CPI inflation (Figure
4). Rule-of-thumb households spend their additional labor income on consumption goods,
which boosts private consumption. The monetary authority responds to the inflationary
pressures by raising the interest rate, which reduces investment and the consumption of
optimizing households. The reduction in optimizers’ consumption, however, is smaller than
the increase in the consumption of rule-of-thumb households in the first year; so aggregate
household consumption goes up.

As the interest rate rises the domestic currency appreciates, exerting an upward pressure
on imports and lowering exports, which results in a trade deficit. Exports also go down
because the higher production costs make them less competitive in world markets. Imports
are also boosted by the substitution between domestic and imported inputs arising from
the more expensive labor. The relative price of government consumption goods rises as the
relative contribution of wages to their production costs is higher than for the other goods.
As a result, the primary surplus-to-GDP ratio falls, triggering a reduction in government
consumption. Thus, government consumption, which in general tends to follow output, drops
more quickly, amplifying the contraction in aggregate demand.

In spite of the boost in private consumption, the reduction in investment, exports and
government consumption, together with the increase in imports, prevails, resulting in a

hump-shaped fall in output. In turn, the contraction in economic activity and the wage rise
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push labor demand down, which also displays a hump-shaped path. The fall in employment
lowers the consumption of rule-of-thumb households, and aggregate private consumption
becomes negative in the second year.

Although the markup wage shock lasts basically only one period, the four-quarter CPI
inflation peaks in the fourth quarter. Note that, as before, the response of administered
prices is more delayed and persistent than that of freely-set prices. Thus, the wage also
exerts a persistent effect on relative prices and inflation.

In a nutshell, a cost-push shock originated in the labor market increases inflation, private
consumption and imports, and depresses investment, exports, government consumption, out-
put and employment. Even though the positive effect on private consumption is short-lived,
the shock has relatively persistent effects on output, employment and inflation. Note that
this persistent effect does not arise from the estimated persistence of the shock itself, which

is close to zero (py, = 0.09), but results from the propagation mechanisms of the model.

4.1.3 Investment Technology Shock

A positive shock to investment technology (reduction in the adjustment cost) boosts the
demand for investment (Figure 5). It raises employment and consequently the consump-
tion of rule-of-thumb households. Following the fiscal rule, government consumption is also
expansionary. As a result, output rises as well.

The surge in demand for labor and capital increases nominal wages and the rental rate of
capital, putting upward pressures on production costs and inflation. The monetary authority
then reacts by raising the interest rate in order to cool down domestic demand and inflation.

Imports increase more than output, in spite of the real exchange rate depreciation. The
reason is that the share of imports used in the production of investment goods is higher than
in the other sectors. Thus the model implies that investment booms are accompanied by
higher imports and deterioration of the trade balance. This result is line with the evidence for
Brazil that large part of fluctuations in imports are associated with investment fluctuations.

As the shock dies out and monetary contraction becomes more effective, output gap
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returns to zero and inflation goes back to target. However, the reduction of net foreign assets
due to the trade deficit leads to a relatively persistent depreciation of the real exchange rate,
which later will have a positive effect on exports.

Therefore, a positive innovation to investment technology boosts aggregate demand and
output, and puts upward pressure on inflation. It also leads to short-lived deficits in the

trade balance.

4.1.4 Exchange Rate Shock

An unexpected depreciation of the real exchange rate boosts exports and depresses imports
(Figure 6), generating a significant positive trade balance. Note that the 1% innovation
to the UIP condition increases the real exchange rate by about 9%. The rise in import
prices increases the marginal costs of consumption goods, pushing inflation upwards. The
monetary authority then reacts by raising the interest rate, which reduces the consumption
of optimizing households and depresses investment. Investment is also negatively affected
by the increase in the relative price of investment goods (more intensive in imports than
consumption goods).?> The higher inflation lowers real wages, and thus the consumption
of rule-of-thumb households. Both consumption and investment display a hump-shaped
response.

In the first year, the positive response of net exports offsets the contraction of the domestic
private components of aggregate expenditure so that output is relatively stable. In the second
year, however, the contractionary effect on domestic demand starts prevailing for the output
path.

The shock is very persistent and the deviation of the real exchange rate from its equi-
librium value approaches zero only at the end of the third year. The effects on the CPI
inflation are even more persistent. The four-quarter CPI inflation peaks in the fifth quarter.
The pass-through of the exchange rate to CPI inflation is around 7% in the first year and

14% in two years (calculated as the ratio of total CPI increase to the rise in the exchange

22For this effect in the Brazilian economy, see da Silva Filho (2007).
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rate in the first period).
In summary, positive innovations to the exchange rate are associated with higher inflation
and exports, and lower consumption, investment, imports, and real wages. The initial effect

on output is around zero, but becomes significantly negative in the second year.

4.1.5 Fiscal Policy Shock

Here, we define the fiscal policy shock as a shock to government consumption, whose response
functions are shown in Figure 7. The positive innovation to government expenditure increases
GDP and the demand for labor and imports. The rise in employment, in turn, boosts the
consumption of rule-of-thumb households. As a result, aggregate private consumption goes
up in the first quarters.

The higher demand for production factors raises the marginal cost of consumption goods,
pushing inflation upwards. Monetary authority reacts by raising the interest rate. Conse-
quently, investment and the consumption of optimizing households both drop below their
long-run values in a hump-shaped manner. The trade balance initially deteriorates but the
ensuing depreciation of the real exchange rate tends to restore the equilibrium in external
accounts.

In the first quarters, the net effects on both private consumption and output are positive,
whose paths closely follow that of government consumption. This result is in line with the
empirical evidence on the effects of fiscal policy shocks.?? In terms of magnitude, a 1.0%
shock in government expenditure raises output by 0.3% on impact, and by 0.1% on average
over the first year. Given that the share of government consumption in GDP is 0.20 and
the fact that government consumption actually rises by 1.3% in the first period, the model
implies a government spending multiplier on output of 1.3 on impact (the multiplier says
how many units of output an increase of one unit in the government consumption generates).
Taking into account the total increase in output and government consumption in the first

year, the multiplier is 1.1. On impact, the multiplier on private consumption is 0.5. Note,

23See, for instance, Galf et al. (2007).
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however, that the monetary authority reacted in a counter-cyclical way, reducing the value
of the multiplier. The latter would be higher if monetary policy was rather accommodative.

Therefore, the model suggests that a fiscal expansion leads to an increase in both output
and inflation, and negative results in the trade balance in the short run. Although the values
of fiscal multipliers vary across models and empirical studies for other countries, the values

found in this paper are in line with the range found in both approaches.?*

4.1.6 Permanent Technology Shock

A permanent technology shock affects positively all aggregate demand components and real
wage, permanently shifting their levels. In order to capture this feature, Figure 8 displays,
for those variables, the deviation from the balanced growth path that would prevail in the
absence of the permanent shock to technology. In other words, it records the permanent
change in levels plus temporary deviations.

Initially, the strongest responses are those of investment and exports. Capital becomes
more productive, encouraging capital accumulation. Exports are benefited by the fall in
marginal costs, which increases their competitiveness and generates a mild trade surplus on
impact. Also in the first quarter, the demand for labor drops as it is possible to produce
the same amount of goods with less inputs. Nevertheless, as aggregate demand rises in the
following quarters, more labor is required in the production process.

The higher productivity is translated into higher real wages and, in the short run, into
lower marginal costs. Later on, however, the increase in the return to capital raises produc-
tion costs and pushes inflation up. The monetary authority then responds by raising the
interest rate, which appreciates the domestic currency and boosts imports even further.

In the long run, inflation goes back to the target, but the levels of all variables containing

a real unit root remain permanently higher, in the new balanced-growth path.

24For a comparison of the fiscal multiplier accross different structural models, see Coenen et al. (2010).
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4.2 Moment Conditions and Variance Error Decomposition

We simulate the model to generate second order moments, and compare them to those from
the data (Table 4). The results are mixed, as the model matches some empirical moments
but tends to overestimate others.

Regarding real variables, the model replicates fairly well the standard deviation of the
quarterly growth rates of investment, exports and imports. In contrast, the volatility gener-
ated by the model for the growth rates of consumption, government consumption, employ-
ment and GDP is higher than those from the data. The results in terms of relative volatility
are better. In accordance with the data, investment, exports and imports are substantially
more volatile than output, and consumption volatility is similar to that of output.

Concerning nominal and financial variables, the results are mixed as well. The implied
volatility for real wage change, real exchange rate, and administered prices are relatively
close to the empirical moments. However, for CPI inflation, freely-set prices, and nominal
interest rate, the model generates higher second order moments.

We also calculate the variance forecast error decomposition for the main variables. Table
5 presents the results for quarter-on-quarter GDP growth and quarterly CPI inflation, over
several horizons: one, four and eight quarters, as well as asymptotically. In the appendix,
tables Al to A4 show the results for other variables.

For GDP growth, in the short run, the bulk of the variance of forecast errors is related
to shocks to aggregate demand components — basically household preference shock, export
demand shock, and import demand shock, and to a less extent to investment shock and
fiscal policy shocks (government consumption and tax rate). At longer horizons, shocks to
transitory technology and domestic risk premium also gain relevance. In contrast, monetary
policy shocks were not important for the forecast errors. Note that we are referring to the
role played by the shock and not to the systematic component of the rule.

In the case of CPI inflation, the forecast error variance is dominated by price shocks,

although their importance diminishes at longer horizons. Shocks to price markup, adminis-

61



tered prices and wage markup account for 76% of the forecast error variance over one-quarter
horizon. In the eight-quarter horizon, they respond for 47%. At longer horizons, the shocks

to domestic risk premium, transitory technology and exchange rate gain relevance too.

4.3 Forecasting Exercises

In this subsection, we assess the forecasting performance of the model and analyze the
forecasts in two specific moments. We estimate the root-mean-squared errors (RMSE) of
the forecasts using SAMBA, and compare them to usual benchmarks, where the forecast is
given by the following: i) the last observed value; ii) the sample average; and iii) a Bayesian
vector autoregressive (BVAR) model. When available, we also compare the model forecasts
to those from a survey conducted by the BCB among professional forecasters.

For this forecasting exercise, we used the following procedures. We assess forecasts for
one to eight quarters ahead. The first forecast is made with data up to 2004Q4, and then we
update actual data sequentially until 2008Q4. Note that our sample size goes from 1999Q3
to 2010Q2, which implies that the number of periods for the estimation of the RMSE is
relatively low — only 16 data points.?> Thus, we should consider the results with some
caution.

Due to the short size of the sample, the estimated parameters are based on information
for the entire sample period. Ideally, we should reestimate the parameters using only the
information up to the last quarter before the forecasting period. However, we did not pursue
this avenue as we would be using only 22 data points for estimating the parameters to be
used in the forecasting cycle starting in 2004Q4. On the other hand, we estimate all 58
non-observable variables using the information available only up to that data point. In other
words, in each forecasting cycle, we reestimate the non-observables. Furthermore, for that
estimation, we remove the average from the series based on the values up to that data point,

and add this average when making the forecast. Thus, we do not use the averages over the

251f we consider periods without any overlap, it is only five data points in the case of four-quarter horizon.
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whole sample. Moreover, we conduct only unconditional forecasting. This means that, even
for foreign variables, their forecasted trajectories are given by the AR(1) processes built in
the model. The same is applied for domestic variables modeled as AR(1) processes.

The BVAR was estimated using four variables, which are also used as observables in the
estimation of SAMBA: GDP growth rate, CPI inflation, real effective exchange rate, and
Selic interest rate. As in SAMBA, we used quarterly data, starting in 1999Q3. In the case
of the BVAR, we reestimate the model every forecasting cycle.

We evaluate the forecasting performance for four-quarter CPI inflation (price level in
quarter ¢ compared to price level in quarter i — 4), year-on-year GDP growth rate (GDP
volume in quarter ¢ compared to the GDP volume in quarter ¢ — 4), and the Selic rate
(measured as % per quarter). Figure 9 illustrates the results. In the case of the CPI inflation,
SAMBA forecasting performance is superior to those of the mean procedures at all horizons
and of the last observation at five- to eight-quarter horizons. However, when compared to
BVAR performance, the results are mixed. Up to five quarters, the point estimates of RMSE
generated by the BVAR are lower than those arising from SAMBA, but are higher for six- to
eight-quarter horizons. Considering the four-, six- and eight-quarter horizons, the RMSEs
for SAMBA are 1.74, 1.67 and 1.63, respectively, whereas for the BVAR are 1.34, 1.75 and
1.79, respectively. Note that those forecasts are made in a mechanical way.

For the year-on-year GDP growth rate, the results are less promising. The RMSE is
large for all models. Similarly to inflation, in terms of point values, SAMBA provides worse
results than the BVAR for horizons up to five quarters and better ones for longer horizons.
Finally, in terms of forecasting for the Selic rate, SAMBA provides better performance than
the other models for most of horizons. On the other hand, the RMSE seems large for all
methods.

Finally, we conduct two exercises in order to have a better sense of SAMBA projections.
We present the projections in two specific dates: 2004Q4, when most of the effects of the
2002-2003 confidence crisis had faded away, and 2008Q4, when GDP had plummeted as a
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result of the global crisis. Figure 10 shows the forecasts and corresponding actual values for
four-quarter CPI inflation, year-on-year GDP growth, and Selic rate level (% per year). The
shaded areas represent 40%, 60% and 80% confidence intervals. They were estimated based
on both the variances of the shocks and parameter uncertainty.

In general, the forecasts are in line with the actual values, mainly for inflation and GDP
growth. In 2004Q4, the model predicted the fall in inflation and the increase in the GDP
growth in the medium run, although it did not anticipate the rise in the interest rate. For
the forecasts made in 2008Q4, the model predicted the fall in inflation, a further decrease in
the y-o-y GDP growth and its resumption later on. In this exercise, the model overpredicted
the Selic rate.

As mentioned earlier, all these exercises were unconditional ones and made in a me-
chanical way. Other countries’ experience indicate that the combination of a DSGE model
with specialists’ forecasts — for some domestic variables for the very short run and for for-
eign variables at all horizons — can significantly improve the forecasting performance of the

model.

5 Conclusions

We developed and estimated a DSGE model for the Brazilian economy. The model incor-
porates the usual features commonly found in standard DSGE models as well as specific
aspects of the Brazilian economy. In particular, SAMBA incorporates administered prices,
a fiscal rule in accordance with the fiscal regime in place, external finance of imports, and
imports used as inputs in the production function.

The model has reasonable properties. The impulse response functions generated by the
model are well behaved and consistent with available evidence. Therefore, we believe the
model can be used as a tool for assessing the impact of different shocks and scenarios for ex-
ogenous or even endogenous variables. We should stress the role played by structural models

in attaching economic interpretation, in a rigorous way, to economic developments, scenario
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analysis and forecasting. In contrast with purely statistical models, structural models like
SAMBA can be successfully used as a story-telling device in the policymaking process.

In terms of forecasting, we compared the model performance with benchmark procedures
and with actual values in two specific moments. Those initial mechanical exercises are
promising. We believe, however, that a more thorough assessment of the model forecasting
properties will be possible only after the model is tested in real time for some period of time.
In particular, it should be used as part of a well defined forecasting cycle, which includes the
use of experts’ forecasts for the path of many domestic variables in the very short run and
for external variables at all horizons.

The fact that the model includes a large set of observables broadens the range of issues
that it may tackle. Nevertheless, we already anticipate that the current specification will
require further improvements, as is usual in modeling frameworks. For instance, financial
frictions have not been incorporated in the model yet. We recognize that currently there has
been an enormous effort to add those frictions in DSGE models?*®, and the BCB is engaged on
that project. Financial regulatory issues should also be part of the scope of the framework.?”
However, we believe this research agenda has not yet developed a consensus DSGE framework
that can be used with confidence to address the most pressing issues regarding financial
stability and monetary policies. As Gertler and Kiyotaki (2010) point out, large part of the
earlier macroeconomics literature on financial frictions emphasized credit market constrains
on nonfinancial borrowers and treated financial intermediaries largely as a veil, whereas the

global crisis featured a disruption of financial intermediation.
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A Appendix A: Balanced Growth Path

According to our convention, Xt = X,/Z; denotes the stationary version of real variable X,

4 = pH /pC denotes the relative price or the stationary version of price P/, and nominal
variables expressed with a superscript ™ appear without the superscript when transformed
in real values (for instance, Ry}, and MC/). In the case of the wage rate, however, the
stationary version is given by W, = wp/ ZtPtC. The marginal utility of consumption must
be scaled up conveniently, A, = Z7A;. In the case of the ROW, output is detrended by
the level of technology prevailing abroad, ?t* = Y,*/Z}, and the foreign-currency prices
of exports and imports are detrended by the consumer price abroad Q¥ = PX /P¢",
QM = PM"/PF". In the next subsections we collect the stationary equilibrium conditions
for each block of the model. For convenience, we also reproduce the equations whose variables

are not transformed.

A.1 Households

The conditions describing household consumption are the following, derived from (9), (21),

and (76):

o\’ o - o\ " R,SP

zy (CtO -k thl> = BE; Ztc+1 (ZtZH) (CtOJrl - ’fZZt ) Htct 3 (A1)
t t+1 t+1

étRT = (1 - E)WtNta (A2>

é’t == wRTC'fT + (1 - wRT) 0150 (AS)

The asset accumulation equations are derived from equations (11) and (7), as well as

from the economy-wide versions of (8) and (2):

R SB -0 3 R*SB* A
B (M ) A ) = B (S ) T R)
141 t t+1
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where RE | = R,\T/Pf,, and the country risk premium and the domestic risk premium are

AQT = AQF

Ky = (1= 0) (Ki/27) +

given by equations (12) and (13), which we repeat here for convenience:
S7 =87 {exp [~y (Bl — BY) + 93 (V' = V)] } 27, (A.8)
SP = (57)177" (SB)" exp {eF}. (A.9)

In turn, the labor market conditions are obtained from equations (19) and (20), where

we used the fact that W, = W™
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A.2 Firms

The choices of the domestic input producer are based upon equations (28), (29) and (30):

ZZyD

t

. yD
W= (1 - o) QP = (A.13)

RN W \ "1
D _ (4% ¢ _
Qr = ( o ) <1—a> 70 (A.14)

The price setting by importing firms comes from conditions (36) and (37) and is given

by the following equations:

S e W A A ‘ -
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Q%1
where )
- Ao
Ay = kas

t

and, as mentioned before, QM = PM" /P is the foreign-currency relative price of imports,
QM = PM/PF is the domestic-currency relative price of imports, and Q;QM is obtained
from the convenient transformation of S, PM"/PY = (S, PF" /PE)(PM" /PE™).

The real marginal cost and the optimal input choices by sectoral intermediate good

producers come from (41), (82) and (84), respectively:

1
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and MCH = MC/"™/PE.
The price setting by sectoral intermediate good producers, in the case of H = I, G, is

based upon conditions (44) and (45) and sectoral inflation definitions, and is given by the

following equations:
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The price setting in the consumption goods sector as well as the CPI inflation are based

on conditions (48)-(51) and (53) and on inflation definitions:
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The price setting in the export goods sector is described by conditions (56)-(57):
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Finally, the stationary version of the world demand for Brazilian exports comes from

(60):
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A.3 Government

Monetary policy is described by equations (61) and (62):
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whereas the fiscal side is described by conditions (63), (64), (68), (69) and (71):
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A.4 Resource Constraints and Identities

The description of the domestic economy is completed using conditions (81), (83), (85), (80),
(79), (78), (86), (87), and GDP deflator definition:
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v =1, (A.43)
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A.5 Rest of the World
The equations for the ROW variables are the following:
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B Appendix B Steady State

In this section we derive the deterministic steady state of the stationary model. First, we
find the steady-state prices and allocations, and then we derive the corresponding relations

that are used in the estimation.

B.1 Prices

It is possible to fully determine all steady-state prices — except Q¥ — in terms of exogenous
variables and structural parameters, without any reference to allocations. Because the model
entails full indexation and taking into account that, in the steady state, the real exchange
rate (Q and the relative price of foreign exports (domestic imports) Q™" are constant, in
the long run all prices in the domestic economy grow at the same and constant rate .
Therefore, all steady-state domestic inflation rates, including administered price inflation,
are equal to the inflation target, which in turn is exogenously given. The terms describing
price and wage distortion vanish in the long run.

Hence, in the case of consumptions goods, Q4 = QF = Q" = 1. It thus follows from
equation (A.24) that the marginal cost in the consumption goods sector is the inverse of the
price markup in the sector: .

-1

c_ €
MCY = "
C

(B.1)

Given the real exchange rate and the relative price of foreign exports (domestic imports),

we calculate the domestic-currency price of imports using (A.15) and (A.16):

. € .
QM =@M = 00" (B:2)
€M — 1
Next, we substitute (B.1) and (B.2) into the marginal cost for consumption goods (A.18)

and calculate the relative price of the domestic input:

1

Q" - li (€1 () <Q%)“C]HC, (B3)

(e Eg wco

where Q¥ = [1 + 1o (R*S®" —1)] Q™.
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Now that we know Q”, and taking into account the fact that MC® = QP, we calculate
the relative price of government consumption goods using (A.21):

P
e
P

QF=Q% = Q7 (B4)

as well as the sectoral marginal costs MC! and MC¥, both based on (A.18):

MO = [0 (@)™ +(1— ) (@) ] 77 (B5)

1

MCY =[x (Q7) ™ + (1— @) (@) ™| 7, (B.6)

where QY = [1+ ¢ (R*S®" —1)] Q™ and QY = [1 + 1x (R*SP" —1)] QM.
Using (A.21) and (A.31), we obtain the following sectoral relative prices:

P
Q' =Q" =L _Mc, (B.7)
P X
X* X*,* €X MO
- - . B.8
Q" = = N (B5)
The consumption Euler equation (A.1) pins down the equilibrium nominal interest rate:
=C o
I (z%
p T o

where we normalize S? = 1.
The investment euler equation (A.6) implies that the shadow value of capital is equal to

the relative price of new capital good:
QR = Q. (B.10)
Knowing these two prices allows us to compute the rental rate of capital, using the capital

RE = <<Z;)U —(1— 5)) QF. (B.11)

Based on equation (A.14), we are able to express the (stationarized) real wage in terms

Euler equation (A.5):

of the domestic input price and the rental rate of capital:

(&3

W= = (1-a) (@) (1) (B.12)
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Finally, the UIP condition (A.4) pins down the country risk premium as a function of
the real interest rate differential:

—=C
SB = %. (B.13)

B.2 Allocations

We can use the market clearing conditions (A.42)-(A.45) to eliminate Y, for H = C, G, I, X.
Similarly, we also have that ffé) — G. Given the export price, the real exchange rate and

world income, we use (A.34) to obtain the level of exports:
X = (Q¥) v (B.14)

Next, we notice that, from condition (A.37), the primary surplus-to-GDP ratio is equal to
the exogenous target S”, which in turn can be plugged into (A.41) to determine the domestic
debt-to-GDP ratio.

The model can be now reduced to a system of sixteen equations in the following unknowns:
nominal GDP and GDP components (QYY, C,G, I, M ), the per capita consumption levels
in each household group (C’O, C’RT), and the production inputs (f( . N, YP, f/[? . MH ). The
equations determining these allocations are nonstochastic variants of equations from the
subsystem (A.2), (A.3), (A.7), (A.10), (A.12), (A.13), (A.19), (A.20), (A.40), (A.46), (A.47)
and (A.51):

QY =C+Q'T+Q+QQ*X — QQ" M, (B.15)
C = wrrCFT + (1 —wrr) ce, (B.16)

N QY
G=(T-5 <QG>, (B.17)
I=K (1— 12_25), (B.18)
M = MY+ M + M¥, (B.19)
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Once these sixteen variables are simultaneously determined, we are able to compute
L*¥, NXY and B* using the nonstochastic versions of (A.48)-(A.50). Furthermore, we can
also back out the corresponding steady-state shares s;, j = C, G, I, X, M. Given the relative
prices and these shares, it is straightforward to obtain the relative price deflator using (A.52),
and then recover the real GDP, Y .28

However, in order to better replicate the data, we estimate the model conditional on the
values we calibrated for key steady-state relations, such as great ratios and shares, based
on the National Accounts and Balance of Payments. Namely, we calibrate the shares of the
aggregate demand components in GDP (s¢, s, 5g, Sx, Sir), and the parameters w?, @’ and
w¥ of the production function of sectoral intermediate producers. We can express the above

equations as a function of these and other calibrated values. We also calibrate steady-state

debt and primary surplus ratios (B;Y, BY, gy) based on the data.

28The determinacy of the steady state depends on the normalization of Q and Q™" . This amounts to say
that we are normalizing the objects SPC" /P¢ and SpM* /P Notice that the price of the consumption good
is the numéraire, that the nominal exchange rate does not appear explicitly in the equilibrium conditions and
that the prices P¢ and P™ are determined abroad and thus are taken as given by the small open economy.
Therefore, our normalizations go through without loss of generality.
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Based on the above steady-state conditions, we present below the resulting relations,
which enter in the log-linear model.?? We also calibrate the steady-state values for R*, SB”,
Loy LIy Lx, €0y €F ) €X, €l and )y, which appear in those relations. Beforehand, we present

the following definitions:

C QI QG QXX QM M
sc¢ = —; S; = —; Sqg = —; Sy = — Sy = ———— (B.27)
QY QY QY QY QY
QMMC QMMI QMMX
s = —; Sy = —: S = -
M,C QY~Y M.,I Q’:Y M,X C?YY N
Sp = —QD}/,:D' SDcE—QD}/éD' SDIE—QD}/,V{D' SDXE—QD}/;)?' SDXEQD}/;GD.
QY ’ ' Q'Y ’ ' QY ’ ' QY ’ ' QY
The value of sp, which gives a measure of the share of the domestic input in GDP, is
given by:
—1 —1
sp = s+ s (B.28)
€c €a
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1 _ P [ D| €1
=) e ) TR e
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1 — D |: D X
0= =) T mer ) T x| T
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Since we calibrate @w?, @l and w?¥, we are able to find the model-consistent value of w2

using the equation below:

1 €L e —1 b —1 ek —1

S B < P O S P Ll PO o St P (B.29)
sceb —1 e? ek ek
C tc I G X

The values of sy, syr and sy x are determined by the equation below:

el —1 1
= (1-w?) & B.30
SM,H ( WH) e 1+ g (R*SF = 1)] SH ( )

29Some of the steady-state relations do not affect the log-linear model; so they are not shown here. Further-

more, we do not use the derived relations sg = T — S” and s; = 4 - (1-98)] asp/ [(ZZ)U gt —(1— §)]

because of the measurement errors involved. For instance, in the data, S” is defined for the whole nonfinancial
public sector (including state-owned companies), whereas s¢ is resctrict to government consumption.
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and those of sp ¢, sp.1, sp¢ and sp x by

SD.H = wH—PSH7 (B31)
€H
where H = C,I,G, X.
In the linear version of the model, the parameters sp y and sp appear in the equation
of market clear condition of domestic inputs (C.35), sy, g in the equation of market clear

condition of imported inputs (C.36) and in the law of motion of external loans (C.37), and

@k is used in the equation of the marginal cost of producing consumption goods (C.15).
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C Appendix C The Log-Linear Model

In this section we log-linearize the BGP equilibrium conditions around the deterministic
steady state. The linear equations presented below are the ones used during the estimation
stage. They are derived from the equations presented in Appendix B. Following our con-
ventions, we use lower-case letters to denote deviations and log-deviations from the steady
state. All variables are log-deviations, except for those expressed as ratios to GDP, as is the
case of by, b,Y |, nx},l;¥, which correspond to deviations from the steady state.

As mentioned before, in order to facilitate identification in the estimation stage, and in
the sake of symmetry, we assume that the shock to import demand is the same across sectors
(z%t =M VH = C,I,X). For estimation purposes, we use the reduced-form versions of
the price markup shocks, and assume that they are equal across the sectors of consumption,
investment and government goods, but different for the export goods sector. We also ignore
any productivity differential between the Brazilian economy and the rest of the world, thus
assuming z; = 0 in the export demand equation. Finally, since the UIP condition is known
to have a very poor fit to the data, we add the ad hoc shock z? to its linear version.

The equations are listed below. We present the number of the corresponding equation in
Appendix B between parentheses. In the notation used below, mrs; is the marginal rate of
substitution between consumption and leisure, 2 and 2" denote the reduced form of price

and wage markup shocks, respectively, and v is the linear version of the sectoral indexation

rules, where in this case H = C, I, G, X, M.

C.1 Households

Consumption of optimizing households (A.1):

o ko 1 o 1
¢ = —~Ct71+—EtCt+1_m

pr=F 7 (1=pc) (1=F) ¢
1+ k& 1+ /& ¢ t

IF R T o+ R)

?

(Tt + StB — Et’ﬂ'tCJrl)
(C.1)
where

r=r(27)7".
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Consumption of rule-of-thumb households (A.2):

RT
C;T =Wy Ny —

Tt.

1-T
Aggregate consumption (A.3):

C = @CCI{%T + (1 — ”(:70) CtO,

B CRT
wo =W — ] .
C RT c

Real exchange rate - UIP condition (A.4):

where

4 = Eiqi1 — (Tt +sp — Eﬂﬁq) + (T;:k +sp - Eﬂg:l) + ZtQ

Shadow value of capital (A.5):

A - (1-9§
C]tK:5<7> Eth}-l—i_(l_ﬁ( 77 ))Et7”£1_(7"t+3f_Et7Tgr1),

where
l1-0
p=p6(27)
Investment (A.6):
. 1 3o K—q! 1—p,p 1— p;f
i = - B~Eﬂt+1+ ¢ . % p{ﬂthJr p{ﬁzz
1+ 1+0 I (Z%)° (14 B) 1+0 1+4

Law of motion of capital (A.7):

1-6§ 1-0Y .
kt+1:(zz)(kt_zlfz)+(1_ ZZ)Zt.

Country risk premium (A.8):
¢ = —gpbia vl + 77
Domestic risk premium (A.9):

B _ B B
Sy = pPpSi_1 T & -
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Real wage change (A.10)-(A.11):

>
g
|
&
S
o0

= Aws 1+ —FEAw + M\ (mrs; —w,) + 2V C.10
1+ G t—1 11 B tAWy 1 w( t t) ¢ ( )
1 1+ 3
+ —— (7rtc_1+ztz_1) _—_— (7TtC—|-ZtZ) + —F, (Wg1+z£1),
1+6ww 1+6WW 1+6wW
where -
b= (1—0w) (1 —0wp)
Ow (14 V) (1 + Bww)’
Awy = wy — wy_q,
o -
mrsy =z 41 — A = 1y + 1_7 {C?_“(Ctoq_ztz)},
A
W o_ W W
Zt — _EW — 1€t .
C.2 Firms
Rental rate of capital (A.12):
K =qP +yP — Kk + 2 (C.11)

Relative price of domestic input (A.13):

@ =ark +(1—a)w, — 2. (C.12)
Labor (A.13):
ng = ay (%P +yP — wt) ; (C.13)
where o
N—-N
anN = < 1.

N
Phillips curve for import prices (A.15)-(A.17):

=M =My (@ + @ — @) + BE (7, — vly) (C.14)

where -
(1—0n) (1 —6up)

Ay =
M O

)
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in :WM7T%1 + (1 _WM>7_TtC>

M _ M M c
QG = G +T — T

Marginal cost of sectoral goods (A.18) (H = C,G, I, X):

mel' = wuay + (1= wn) [¢f + @y (] + 57 ) + 03 [(m’ —y/") = (m{Ly —yily)] = 2]
(C.15)
where
% LHR*SB*
wy = i ,
1+ L (R*S — 1)
and remember that for H = G, wg = 1, so mcf = ¢P.
Sectoral demand for domestic input (A.19):
e =y —em (@ —mef'). (C.16)
Sectoral demand for imported input (A.20):

H H cH M x (% | B* H €H M ( H H M
my =Y, — 1 +wy (rf+s. ) —me, | + ———7 |V (M, —y2y) +27 .
t Yy 1+€H79]\H/[[% H(t t) t} 1+6HQ9§{4[H(751 ytl) t]

(C.17)

Phillips curve for the prices of investment and government consumption goods (A.21)-

(A.23) (H = G, I):

! — v = Ay (mef’ — ") + BE, (i —viy) + 2, (C.18)

where R
(1—-0xB) (1 —0n)

A =
H 9H )

vft = wpmily + (1 —wpg) 7,
P _ éHlt
Z. :—>\ ’ s
t HEH—l
C]g{ = 9551 +7TtH - 7th- (C.19)

Phillips curve for the price of consumption goods (A.24)-(A.26):
7l — vl = \p (mel — ¢f') + BE, (7l — vEy) + 2F, (C.20)
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where -
(1—-0pB)(1—0F)
Or ’

)\FE

Vi =wnmly + (1= wn) 7
P __ éP,t
=-\
“ FGP - 1’
4 =aqi, 7 - (C.21)
Administered price inflation (A.28):
7t =008 + (1 —0,)7°. (C.22)

Rule for administered prices (A.27):

1
vy = X4 [771?—1,15—5 + v (@1 — G—5) + V%4 (mctc—l - mctc—s)” + (1= xa)a + EZ;" (C.23)

where 7rtc_17t_5 = 7rtc_1 + 7th_2 + 7rf_3 + 7rtc_4.

CPI inflation (A.30):
78 = wanl + (1 — wy) nf (C.24)
Phillips curve for the price of export goods (A.31)-(A.33):

* ~ X
T — v = Ay (mcf( —q" - @) + BE, (Wfil - Uffrl) + 257, (C.25)

where

(0B -0y
X = )
0x

i = wxmig + (1 - wx) Ty,
pPX _ 8Xt

= Jyv—r

“ Yl — 1
G =gt -7 (C.26)

World demand for Brazilian exports (A.34):
. €" . . x .

T =y + ————r [19M (:L‘t_l - yt_l) — th + th } ) (C.27)

1+ ex9M”
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C.3 Government

Monetary policy rule — interest rate (A.35):

1_ 1 1_
re="gri-1+ (1 —7g) ZW1€3,t+1 +ynki <Z7Tgt+4 - Z”t,t+4> + VY?Jt] + 2/,

c _._c c c c ¢ _ -C _C _C _C
where 7y = Ty + Tihe + Tihg + Ty, and Ty = Tq + T + Tps + Tia

Inflation target (A.36):

1 1 =C
~-C o e 11
Zﬂ-t,t+4 = Pgc© Zﬂ-t74,t +&

Fiscal rule — primary surplus-to-GDP ratio (A.37):
st = ¢gst_1 + ¢55) — sazp-
Target for the primary surplus-to-GDP ratio (A.38):
51 = psSiy + oubl + /.
Tax rate (A.39):
Ty = PpTi—1 + 5tT.
Government consumption (A.40):

1
g=—(r—s\)+w+aq —aq.
sq

Law of motion of the government debt (A.41):

b = Agbl_y + BYry — Rs! + \gBY (yeo1 —ye — ), — 27 ),

where

= ZZﬁC'
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C.4 Resource Constraints and External Sector

Market clear conditions for final goods (A.52)-(A.45):

c _ G _ I _ - X _
Yy =C Yy =09 Y = Y = Ty

so we eliminate y//, H = C,G, I, X.

Market clear condition for domestic inputs (A.46):

D_ .D.D D. D D.D |, .D.D
Yy = ScYcor T ScYar ST Yre T SXYUxts

where .

QHY;? __ Sp,H
QPYD  sp
Market clear condition for imported inputs (A.47):

D
SH

M C M I M X
my = Sgmy + sy m, +sxym;,

where 3
QMMH o SM,H €M — 1

QMM SM €M
External loans-to-GDP ratio (A.48):

M
Sh

l:y = Z LHSM,H [R*SB* (’f’;:k + StB*) + (R*SB* - 1) (q;gM ‘l‘mf - th - yt)} .

H=C\1,X

Net exports-to-GDP ratio (A.49):
nr] = sx (Qt+€I£X* +$t) — SMm (qﬁqi”* +mt) — (5x — sm) (thert).
Law of motion of net foreign assets-to-GDP ratio (A.50):
bty = b + RSP (naf — 1Y)+ B (r; +s77) + ...
. ApgB*Y (yt_l —y =Ty — 27 F g — g + 7 — ﬂ;‘) ,
where

_ RSE

)\ * = T 5 .
B = 72
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Real GDP (A.51):
Yi = ScC + Sriy + Sqgr + Sx Ty — Sypmy. (C.40)

Relative GDP deflator (A.52):

@ =scq” +s1qf +sx (@ +a ) —sm (e +a"). (C.41)

GDP deflator inflation (A.53):

m =7 +q —q (C.42)
C.5 Rest of the World
ROW output (A.54):

Ui = pyetig +el (C.43)

Relative foreign-currency price of imports (A.55):

M*

@ = pouegtty +ef (C.44)
ROW inflation (A.56):
7TtC* == ,OHC* ng + 8{10* . (C45)

International investors’ risk aversion (A.57):
vf = pyvl e (C.46)

ROW interest rate (A.58):
rF = pperi el (C.A47)

C.6 Shocks - AR(1) Processes

e Household preference:

& =podlater (C.48)
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Real exchange rate:

Country risk premium:

Transitory technology:

Z? = sztQ—l + 5?-

*

B* _ B* B*
Zy = Ppiio1 t e

D _ D D
2y = PpZ_q tE; -

Permanent technology (trend growth rate):

Investment technology:

Import demand:

Export demand:

Wage markup:

Price Markup:

Administered Prices:

Export price markup:

Z_ .z Z
2y = PzF1 TE

I_ I I
Zy = Pré-1t &

M_ M M
2y = PMmFo1 T e

*

M* M* M
Zy = Pmr1 T &
wo_ w w

2y = Pwriq T -

P _ P P
Zy = Ppia T e

A A A
2y = Pa%o1 TE

PX _ pX
Zy = pPpxzg T &
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e Monetary policy:
R

4= PRyl el (C.60)
where we set pp = 0.

e Fiscal policy (government consumption):

& =paria el (C.61)

where we set p, = 0.
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Table 1. Description of the data series used in the estimation

Description ‘ Source® Treatment”
Domestic Observable Variables
Y, GDP - volume (seasonally adjusted - s.a.) IBGE fid
Cy Households’ consumption - volume (s.a.) IBGE fid
I; Investment: Gross formation of fixed capital - vol. (s.a.) IBGE fid
Gy Government consumption - volume (s.a) IBGE fid
X; Exports of goods and services - volume (s.a.) IBGE fid
M, Imports of goods and services - volume (s.a.) IBGE fld
N, Number of employed people (s.a.) © IBGE fid
W Real wage ("usual compensation" - s.a.) © IBGE fid
¢ CPI Inflation: IPCA (s.a. - % per quarter) IBGE dam
ﬁtc CPI Inflation Target (% per quarter) BCB dam
Hf‘ Administered price inflation (s.a. - % per quarter) BCB dam
Hf Free price inflation (s.a. - % per quarter) BCB dam
HtX Export price inflation (s.a. - % per quarter) Funcex dm
R, Nominal interest rate - Selic (% per quarter) BCB dam
Sg/ Primary surplus-to-GDP ratio - public sector (12 months) BCB dm
?? Primary surplus target-to-GDP ratio - pub. sec. (12 mon.) BCB dm
Q: Real effective exchange rate BCB pd
Sf . Country risk premium: EMBI Brazil (% per quarter) J.P.Morgan dm
Foreign Observable Variables
Yy World imports - volume (s.a.) CPB fld
i\/[ i Relative price of imports (Brazil’s import prices/US CPI) Funcex It
Iy World inflation - US CPI AUCLS (% per quarter) Fed St. Louis | dm
% Foreign investors’ risk aversion - VIX CBOE dm
R} World nominal interest rate - Fed Funds rate (% p.q.) Fed St. Louis | dm

¢ Acronyms: IBGE - Brazilian Institute of Geography and Statistics; BCB - Central Bank of Brazil;
CPB - CPB Netherlands Bureau for Economic Policy Analysis; Funcex: Trade Studies Center Foundation;
CBOE - Chicago Board Options Exchange.

b Notation: fld: first log difference; dm: difference from the sample mean; dam: difference from the
adjusted mean (sample from 2005 onwards); pd: percentage deviation from the mean; lt: linear trend

¢ Due to a methodology change in the employment and wage series in 2002, two time series were
combined: the current one, which started in March 2002, and the one that was discontinued that time. We
applied the growth rate of the discontinued series to obtain values for 1999Q3-2002Q1.
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Table 2. Calibrated parameters

Symbol | Description Value
Shares
So Households’ consumption-to-GDP ratio 0.62
Sa Government consumption-to-GDP ratio 0.20
St Investment-to-GDP ratio 0.17
Sx Exports-to-GDP ratio 0.13
Sy Imports-to-GDP ratio 0.12
T Average aggregate tax rate 0.35
we Share of rule-of-thumb households’ consumption in total consumption 0.40
Preference and Technology Parameters
15} Time discount factor 0.989
n Inverse of the elasticity of labor supply 1.00
Z% Gross growth rate - BGP 1.009
ew EoS: differentiated labor 3
Eg EoS: intermediate goods - consumption goods sector 11
ef EoS: intermediate goods - investment goods sector 11
eg EoS: intermediate goods - government goods sector 11
6§ EoS: intermediate goods - export goods sector 11
€M EoS: intermediate goods - imported goods 11
o Cobb-Douglas production function - capital income share in GDP 0.448
an Share of production labor in total labor 0.8
0 Depreciation rate of capital 0.015
wg Weight of domestic input cost in the marginal cost of consumption goods 0.8418
LTJID Weight of domestic input cost in the marginal cost of investment goods 0.79
wg Weight of domestic input cost in the marginal cost of gov. cons. goods 1.00
wg Weight of domestic input cost in the marginal cost of exported goods 0.9
Shares of Imports that are Externally Financed
Lo Consumption goods sector 0.5
Ly Investment goods sector 0.5
Lx Export goods sector 0.5
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Table 2. Calibrated parameters (cont.)

Symbol | Description ‘ Value
Administered Prices
WA Weight of administered prices in CPI inflation 0.3
XA Adjustment factor of administered and free prices 0.8
Steady-State Parameters in the Law of Motion of Government and External Debts
B*Y Net foreign assets-to-GDP ratio (quarterly GDP) -0.68
BY Net government debt-to-GDP ratio (quarterly GDP) 2.00
AF E Adjustment factor in the law of motion of external debt 0.0397
AFg Adjustment factor in the law of motion of domestic debt 0.53
ﬁo Inflation target (quarterly gross rate) 1.011
R Domestic nominal interest rate (quarterly gross rate) 1.0314
I World inflation (quarterly gross rate) 1.0064
R World nominal interest rate (quarterly gross rate) 1.0074
SB* Country risk premium (quarterly gross rate) 1.014
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Table 3. Estimated parameters

Description Prior Distribution Posterior Distribution
Distribution ‘ Mean ‘ SD | Mean | Conf. Interval

Preference Parameters

K Habit persistence beta 0.85 0.05 0.74 0.65 0.84
o Inverse of intertemporal EoS Normal 1.30 0.05 1.30 1.22 1.38
QO*V Risk premium: investors’ aversion coef.  Inv-gamma  0.05 0.15 0.03 0.02 0.04
¢p  Risk premium: NFA coef. Inv-gamma  0.05  0.15 0.02  0.01 0.03
Technology Parameters

€C EoS domestic imported inputs - cons. Gamma 1.0 0.5 1.09 0.64 1.55
€r EoS domestic imported inputs - invest. ~ Gamma 1.0 0.5 0.83 0.18 1.47
€x FoS domestic imported inputs - exports Gamma 1.0 0.5 0.95 0.23 1.63
€* FoS Brazil’s exports - ROW inputs Gamma 1.0 0.5 0.66 0.36  0.95
oM Adjustment cost in foreign imports Gamma 4.0 1.5 1.99 0.83 3.13
Yy Adjustment cost of investment Gamma 4.0 1.5 3.42 1.30 5.38
19% Imports adjust. cost - consumption Gamma 4.0 1.5 0.76 0.44 1.09
19?4 Imports adjust. cost - investment Gamma 4.0 1.5 1.97 0.86 3.07
199(4 Imports adjust. cost - exports Gamma 4.0 1.5 3.12 128 4.88
Nominal Rigidity Parameters

Or Calvo - freely-set price Beta 0.65 0.1 0.74 0.68 0.81
e Calvo - government goods price Beta 0.65 0.1 0.47 0.32 0.62
0r Calvo - investment goods price Beta 0.65 0.1  0.65 0.48 0.83
e Calvo - exports price Beta 0.65 0.1 0.77 0.68 0.86
Oar Calvo - imports price Beta 0.65 0.1 0.64 0.52 0.75
Ow Calvo parameter for wages Beta 0.75 0.1 0.75 0.66 0.84
Wr Freely-set price indexation Beta 0.65 0.2 0.33 0.08 0.57
wa Government goods indexation Beta 0.65 0.2 0.49 0.14 0.82
wps  Import price indexation Beta 0.65 0.2 0.65 0.35 0.97
wr Investment price indexation Beta 0.65 0.2 0.55 0.22 0.90
wx Export price indexation Beta 0.65 0.2 0.35 0.08 0.60
wyw  Wage indexation Beta 0.65 0.15 0.49 0.31 0.69
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Table 3. Estimated parameters (cont.)

Description

Prior Distribution

Posterior Distribution

Distribution ‘ Mean ‘ SD

Mean | Conf. Interval

Administered Price Rule Parameters

U}4 Exchange rate coefficient Beta 0.05 0.03 0.05 0.01 0.09
U124 Marginal cost coefficient Beta 0.2 0.05 0.20 0.12 0.27
Policy Parameters - Taylor rule

YR Interest rate smoothing Beta 0.60 0.15 0.79 0.74 0.85
Yo Inflation coefficient Normal 2.0 0.35 2.43 1.98 2.89
Ty Output gap coefficient Gamma, 0.25 0.1 0.16 0.06 0.25
Policy Parameters - Fiscal rule

bg Primary surplus reaction coef. Beta 0.4 0.05 049  0.42 0.56
b3 Primary surplus target coefficient Normal 0.35 0.05 0.41 0.34 0.49

g Government debt coefficient

Inv-Gamma  0.05 0.15

0.02 0.01 0.02

Autoregressive Shocks

PB Domestic risk premium

Pr Investment adjustment cost
Po Household preference

P Import adjustment cost

PA Administered prices

Pp Price markup

P, Inflation target

Pw Wage markup

Pp Transitory technology

Py Permanent technology

PQ UIP

Pp* Country risk premium

Pr Tax rate

Ps Primary surplus

P p= Foreign price markup

P+ Foreign inflation

PR+ World nominal interest rate

Py World demand

P Import relative price

Py Foreign investors’s risk aversion
P World import demand

Prest ~ Inventory changes

Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Beta 0.5 0.25
Normal 0.0 0.2

0.85 0.75 0.99
0.33 0.05 0.56
0.13 0.00 0.27
0.60 0.44 0.76
0.37 0.19 0.56
0.17 0.00 0.32
0.84 0.70  0.99
0.09 0.00 0.18
0.91 0.84 0.99
0.25 0.01 0.46
0.94 0.89 0.99
0.73 0.56 0.91
0.80 0.65 0.96
0.76 0.66 0.87
0.30 0.02 0.55
0.13 0.00 0.25
0.90 0.84 0.96
0.93 0.86 0.99
0.88 0.80 0.97
0.79 0.60 1.0

0.13 0.00 0.25
0.38 0.18 0.58
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Table 3. Estimated parameters (cont.)

Description Prior Distribution Posterior Distribution
Distribution ‘ Mean ‘ SD | Mean | Conf. Interval

Exogenous Shocks
£B Domestic risk premium shock Inv-gamma 1.0 inf  0.57 0.29 0.85
er Investment adjustment shock Inv-gamma 1.0 inf  3.54 1.81  5.30
Ec Household preference shock Inv-gamma 1.0 inf  8.80 4.76  12.80
EM Import adjustment cost shock Inv-gamma 1.0 inf  9.01 6.54 11.32
€A Administered shock Inv-gamma 1.0 inf 1.40 1.15  1.64
Ep Price markup shock Inv-gamma 1.0 inf  0.79 0.57 1.00
€TI,. Inflation target shock Inv-gamma 1.0 inf 0.14 0.12  0.16
Ew Wage markup shock Inv-gamma 1.0 inf  1.38 1.09 1.68
€D Transitory technology shock Inv-gamma 1.0 inf  1.13 0.93 1.33
Ez Permanent technology shock Inv-gamma 1.0 inf  0.17 0.14  0.20
€Q UIP shock Inv-gamma 1.0 inf  0.80 0.41 1.18
Epx Country risk premium shock Inv-gamma 1.0 inf  0.38 0.31 045
e Government consumption shock Inv-gamma 1.0 inf 1.73 141 2.03
ET Tax rate shock Inv-gamma 1.0 inf 0.48 0.40  0.56
€g Primary surplus target shock Inv-gamma 1.0 inf  0.29 0.24 0.34
€R Monetary policy shock Inv-gamma 1.0 inf  0.32 0.25 0.38
E px Foreign price markup shock Inv-gamma 1.0 inf  3.89 2.67 5,08
e+ Foreign inflation shock Inv-gamma 1.0 inf 0.85 0.70  1.00
ER* Foreign interest rate shock Inv-gamma 1.0 inf 0.19 0.15  0.22
Ey* World demand shock Inv-gamma 1.0 inf 287 2.38 3.3
€gm+  Imports relative price shock Inv-gamma 1.0 inf  1.85 1.53 2.16
Ey* Foreign investors’s risk aversion shock Inv-gamma 1.0 inf  6.54 5.43 7.62
EM* World import demand shock Inv-gamma 1.0 inf 18.73 11.19 26.29
€Test  Inventories changes shock Inv-gamma 1.0 inf  0.69 0.57 0.81
Measurement Errors
€ﬁe GDP growth Inv-gamma  0.25 inf  0.08 0.06 0.11
erc CPI Inflation Inv-gamma  0.25 inf  0.12 0.10 0.14
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Table 4. Moment conditions

Variable Standard Deviation
Empirical Model-Implied

Domestic Observable Variables
N GDP (quarter-on-quarter growth) 1.1914 2.8305
Acfbs Households’ consumption (q-o-q growth) 1.1931 2.5244
Aifbs Investment (q-o-q growth) 4.2804 4.3137
Agfbs Government consumption (g-o-q growth) 1.4773 5.1032
A.’E?bs Exports of goods and services (q-o-q growth) 6.3540 6.9336
Amfbs Imports of goods and services (q-o-q growth) 5.7670 5.6441
Antgbs Number of employed people (g-o0-q growth) 0.6323 4.4378
Awto bs Real wage (q-0-q growth) 1.7699 1.9060
Htc CPTI inflation (% per quarter) 1.0037 1.3403
ﬁtc CPI inflation target. (% per quarter) 0.1428 0.2560
Hf Administered price inflation (% per quarter) 1.6328 1.8093
Hf Free price inflation (% per quarter) 0.9783 1.5016
Hg( Export price inflation (% per quarter) 4.4661 5.099
R, Nominal interest rate - Selic (% per quarter) 1.0659 1.2992
Sty Primary surplus-to-GDP ratio (quarterly GDP) 0.7917 1.0817
§3 Primary surplus target-to-GDP ratio (quarterly GDP) 0.6055 1.2647
Q¢ Real effective exchange rate (% per quarter) 19.9655 19.2850
StB* Country risk premium: EMBI Brazil (% per quarter) 1.0026 1.0515
oo Inventory investment (implied contribution to GDP) 0.7746 0.7499
Foreign Observable Variables
Ayf()bs World imports (q-0-q growth) 3.0082 2.9332
Q, ’ Relative price of imports 4.3027 3.8927
IT} World inflation - US (% per quarter) 0.8361 0.8612
% Foreign investors’ risk aversion - VIX 9.0339 10.5997
Ry World nominal interest rate - Fed Funds (% per quarter) | 0.5180 0.4284
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Table 5. Forecast Error Variance Decomposition

Real GDP Growth CPI Inflation
Forecast Horizon
Shock lqgtr 4qtr 8qtr Asympt. | 1 qtr 4 qtr 8 qtr Asympt.
Administered prices shock 0.39 1.61 0.96 1.06 23.58 17.56 1222 11.18
Domestic risk premium shock 4.60 13.06 894 9.78 452  11.63 17.19 16.79
Country risk premium shock 0.01 0.03 0.05 0.07 0.06 0.17 0.20 0.18
Household preference shock 17.29 11.52 12.93 11.85 1.50 1.97 1.64 1.53
Transitory technology shock 0.22 1047 9.92  10.55 9.87 1492 16.14 17.73
Government consumption shock 7.87 3.87 437 398 0.18 0.14 0.09 0.08
Investment shock 7.75 985 7.02 6.67 0.54 0.74 0.58  0.63
Import demand shock 15.29 947  15.09 14.33 3.98 437 3.03 2.73
Export demand shock 26.12  15.34 16.23 14.78 0.59 0.36 0.24 0.31
Price markup shock 0.85 0.61 0.63 0.60 3799 1454 844 733
Export price markup shock 0.01 0.40 049 0.66 0.04 0.15 024 0.35
Real exchange rate shock 0.27 034 097  2.26 1.19 5.01 9.63 12.38
Monetary policy shock 1.06 285 1.88 1.94 0.72 1.74 227 207
Wage markup shock 0.38 6.58 822 9.90 14.54  25.75 26.09 23.30
Permanent technology shock 0.06 0.60 0.39 0.37 0.00 0.00 0.02 0.07
Tax rate shock 9.98 6.40 6.24 5.75 036 036 026 0.25
Primary surplus target shock 0.64 0.80 082 0.80 0.07 0.12  0.12 0.12
Inflation target shock 0.20 0.70 0.61 0.72 0.03 0.03 0.75  1.50
Foreign inflation shock 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.03
Import price in USD shock 0.17 0.13 0.10 0.13 0.03 0.13 026 0.34
Foreign interest rate shock 0.00 0.00 0.03 0.07 0.06 0.20 034 0.36
World income shock 6.83 536 4.05  3.70 0.11  0.03 0.11 0.63
Foreign investor risk aversion shock | 0.00 0.01  0.02  0.02 0.02 0.07r 0.10 0.09
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Figure 1. Data series (after transformation)
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Figure 1: Data series (after transformation) - cont.
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Figure 1: Data series (after transformation) - cont.

Real Effective Exchange Rate Country Risk Premium
(% deviation) (p.p.)
: : 3l :
2 L
1
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2000 2005 2010 2000 2005 2010
World Imports

(growth rate - % p.q.) Relative Import Prices

2000 2005 2010 2000 2005 2010

VIX Foreign (US) Interest Rate

(P-p.) (% p.q.)

2000 2005 2010 2000 2005 2010

Foreign (US) Inflation
(% p.q.)

2000 2005 2010

103



Figure 2. Priors and posteriors of the parameters
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10

Figure 2. Priors and posteriors of the parameters (continued)
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Figure 2. Priors and posteriors of the parameters (continued)
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Figure 3. Impulse Responses to a Monetary Policy Shock
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Figure 4. Impulse Responses to a Wage Markup Shock
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Figure 5. Impulse Responses to an Investment Shock
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Figure 6: Impulse Responses to a Real Exchange Rate Shock
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Figure 7: Impulse Responses to a Government Consumption Shock
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1.5

Figure 8. Impulse Responses to a Permanent Technology Shock
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(a) CPI Inflation (four quarter)

3.5

Figure 9. Root Mean Squared Errors of Forecasts
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Figure 10. Mean Forecast and Forecast Intervals for Two Episodes
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Figure Al. Impulse Responses to an Administered Price Shock
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Figure A2. Impulse Responses to a Domestic Risk Premium Shock
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Figure A3. Impulse Responses to a Country Risk Premium Shock
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Figure A4. Impulse Responses to a Household Preference Shock
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Figure A5. Impulse Responses to a Transitory Technology Shock
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Figure A6. Impulse Responses to an Import Demand Shock
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Figure A7. Impulse Responses to an Export Demand Shock
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Figure A8. Impulse Responses to a Price Markup Shock
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Figure A9. Impulse Responses to an Export Price Markup Shock
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Figure A10: Impulse Responses to a Tax Rate Shock
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Figure A11. Impulse Responses to a Primary Surplus Target Shock
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Figure A12: Impulse Responses to an Inflation Target Shock
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Figure A13. Impulse Responses to a Foreign Inflation Shock
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Figure A14. Impulse Responses to an Import Relative Price Shock
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Figure A15. Impulse Responses to a Foreign Interest Rate Shock
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Figure A16. Impulse Responses to a World Income Shock
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Figure A17. Impulse Responses to Foreign Investors’ Risk Aversion Shock
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