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Abstract

Delamare, Angelo Francisco Sirtoli; Becard, Yvan (Advisor). The Trans-
mission of Foreign Demand Shocks in the Brazilian Economy:
Insights from a HANK Model. Rio de Janeiro, 2025. 73p. Disser-
tagao de Mestrado — Departamento de Economia, Pontificia Universidade
Catolica do Rio de Janeiro.

We develop a heterogeneous-agent New Keynesian model to analyze
the transmission of foreign demand shocks in the Brazilian economy. This
is achieved by incorporating incomplete markets into a seminal open-economy
model. Under the assumptions of sticky wages, flexible prices, and a constant
real interest rate, we analytically show that our model features two indirect
transmission channels, whereas the original model includes only the direct
channel. We extend our model by introducing investment, price rigidity, a
Taylor rule, and a segmented international financial market. In this extended
version, foreign demand shocks are transmitted through the direct channel and
five indirect channels. By calibrating the model with Brazilian macroeconomic
and distributional data, we show that the direct channel plays a minimal role in
the transmission process. When examining how foreign demand shocks affect
different wealth percentiles, we find that the poor are more influenced by labor

dynamics, while the rich are more influenced by financial dynamics.

Keywords
Foreign Demand; Heterogeneous Agents; Transmission Channels; In-

come and Wealth Inequality.



Resumo

Delamare, Angelo Francisco Sirtoli; Becard, Yvan. Transmissao de
Choques de Demanda Externa na Economia Brasileira: Insights
de um Modelo HANK. Rio de Janeiro, 2025. 73p. Dissertacao de
Mestrado — Departamento de Economia, Pontificia Universidade Catdlica
do Rio de Janeiro.

Desenvolvemos um modelo Novo Keynesiano de agentes heterogéneos
para analisar a transmissao de choques de demanda externa na economia bra-
sileira. Isso é realizado pela incorporacao de mercados incompletos em um
modelo seminal de economia aberta. Sob as premissas de salarios rigidos, pre-
cos flexiveis e uma taxa de juros real constante, mostramos analiticamente
que o nosso modelo apresenta dois canais de transmissao indiretos, enquanto
o modelo original contém apenas o canal direto. Estendemos o nosso modelo
introduzindo investimento, rigidez de pregos, uma regra de Taylor e um mer-
cado financeiro internacional segmentado. Nesta versao estendida, os choques
de demanda externa sao transmitidos pelo canal direto e cinco canais indiretos.
Ao calibrar o modelo com dados macroecondmicos e distributivos brasileiros,
mostramos que o canal direto desempenha um papel minimo no processo de
transmissao. Ao examinar como os choques de demanda externa afetam dife-
rentes percentis de riqueza, descobrimos que os pobres sao mais influenciados
pela dinamica do trabalho, enquanto os ricos sao mais influenciados pela di-

namica financeira.

Palavras-chave
Demanda Externa; Agentes Heterogéneos; Canais de Transmissao;

Desigualdade de Renda e Riqueza.
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1
Introduction

With the trade liberalization of the early 1990s, Brazil began a signifi-
cant transformation that allowed it to integrate more deeply into the global
economy. By exploiting its comparative advantages, Brazil’s export basket be-
came dominated by soybeans, oil, iron ore, raw sugar, coffee, meat, and corn.
Given the nature of these industries, the country became more sensitive to
foreign demand shocks, which can significantly affect both economic stability
and overall well-being. A positive example of this is the commodities boom of
the 2000s, which contributed to a period of increased foreign direct investment,
poverty reduction, and robust economic growth.

Understanding the different channels through which external demand
shocks propagate within an economy is a crucial step in comprehending the
potential impacts of such disruptions. In this context, we ask the question:
how do foreign demand shocks transmit to the Brazilian economy? We address
this by employing a heterogeneous-agent New Keynesian (HANK) model. The
advantage of this framework is that it uncovers new transmission mechanisms
stemming from household inequality.

This thesis identifies six potential transmission channels, organized into
three categories. First, two trade channels: (i) the direct effect, which represents
the increase in production resulting from a positive change in external demand;
(ii) the expenditure switching channel, which reflects the expansion of foreign
demand for domestic goods due to a decrease in their relative prices. Next,
two labor channels: (iii) the multiplier effect, which accounts for the increase
in employment and capital accumulation; (iv) the real income effect, which
captures the rise in real wages. Finally, two wealth channels: (v) the interest
rate channel, which expresses the changes in monetary policy; and (vi) the
revaluation channel, which accounts for unexpected capital gains or losses that
occur during the shock period. Of these channels, the multiplier, real income,
and revaluation effects do not manifest in a representative-agent model, as
they influence macroeconomic aggregates due to wealth inequality.

Our argument proceeds in two steps. In the first step, we incorporate
incomplete markets and heterogeneous agents into the seminal open economy
model of Gali and Monacelli (2005). Inspired by the work of Auclert et
al. (2024) on the transmission of foreign interest rate shocks, we assume
sticky wages, flexible prices, and a constant real interest rate in order to

derive analytical results. Given that the interest rate remains unchanged,
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consumption stays constant in the seminal model, while output and net exports
are influenced solely by the direct channel. In contrast, our model fits two
additional indirect channels: the multiplier effect and the revaluation effect.

The analytical results reveal that the influence of these three channels is
shaped by the degree of economic openness. Specifically, for output, a higher
level of trade openness results in a greater relative importance of the direct
channel. For consumption and net exports, this parameter affects all channels
equally. The quantitative results indicate that the indirect channels generate a
positive response in consumption. This, in turn, leads to a larger expansion in
production and a smaller increase in net exports. The primary driver of these
new dynamics is the multiplier effect.

In the second stage of our analysis, we extend our basic model in four
directions in order to incorporate three new transmission channels. First,
investment is included to better understand how the transmission of the
shock differs between output and its individual components. Second, imperfect
exchange rate pass-through is introduced, which, by breaking the law of one
price, gives rise to the expenditure switching and real income channels for the
foreign demand shock. Third, a Taylor rule is incorporated to generate the
real interest rate channel. Finally, a segmented international financial market
is introduced to break the Uncovered Interest Parity (UIP) condition. As a
result, the real exchange rate appreciates further, which helps to dampen the
interest rate and its impact on investment.

We calibrate the model to match a set of Brazilian aggregate and
distributional moments, then simulate a foreign demand shock. Our results
show that only 22% of the output variation is explained by the direct channel.
This contrasts with the representative-agent model, where the direct channel
dominates. Breaking down the transmission, we have that trade channels
contribute 55% to the output response, labor channels account for 24%, and
wealth channels represent 21%. For consumption, labor and wealth channels
are equally important. In the case of investment, the interest rate channel is the
primary driver. Regarding net exports, the direct channel acts as the positive
force, while the expenditure switching channel serves as the negative force.

Finally, we investigate the heterogeneous behavior of households by
analyzing the responses of consumption, savings, and disposable income across
different wealth percentiles. The results indicate that the poor are the most
negatively affected in terms of consumption and disposable income, while the
rich emerge as the main beneficiaries. Decomposing the effects for consumption,
we find that the poor are more influenced by labor dynamics, while the rich

are more influenced by financial dynamics.
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Related Literature: This thesis contributes to the emerging literature on
HANK models for small open economies (Aggarwal et al., 2023; Guo, Ottonello
and Perez, 2023; Zhou, 2022; De Ferra, Mitman and Romei, 2020; Oskolkov,
2023; Hong, 2023). The aforementioned Auclert et al. (2024) also incorporates
incomplete markets and heterogeneous agents into the seminal model of Gali
and Monacelli (2005), but analyzes the transmission of foreign interest rate
shocks. Unlike our work, they only decompose the effects in the basic model,
while their extended version of the model, which does not include investment
and segmented financial markets, focuses solely on the aggregate responses of
economic variables.

Druedahl et al. (2024) analyze external demand shocks but employ a
model with tradable and non-tradable sectors, where the external economy is
represented as a vector autoregressive system. In their framework, an increase
in foreign demand is accompanied by a rise in the foreign interest rate. The
main distinctions from our work are that they do not calibrate the model to
a specific country and do not investigate the impacts of the shock on different
wealth percentiles. Therefore, our contribution lies in demonstrating how a
HANK model explains the transmission of an increase in external demand to
an emerging economy characterized by extreme inequality, such as Brazil.

Our thesis also contributes to the literature analyzing the impact of for-
eign shocks on the Brazilian economy. Empirical studies indicate that com-
modity price shocks significantly affect the country (Shousha, 2016; Fernandez,
Gonzéalez and Rodriguez, 2018), with variations in the terms of trade account-
ing for a substantial portion of business cycle fluctuations (Schmitt-Grohé and
Uribe, 2018; Ben Zeev, Pappa and Vicondoa, 2017; Ferndandez, Schmitt-Grohé
and Uribe, 2017). Furthermore, positive shocks in external demand lead to
increases in output, prices, and interest rates, accompanied by exchange rate
appreciation (Canova, 2005; Horvath and Zhong, 2019; Feldkircher and Huber,
2016). In this context, our contribution consists of demonstrating the impact
of external demand shocks through a micro-founded model, which allows for an
analysis of the behavior of different agents and an assessment of how different

social classes are affected.

Outline: The remainder of the thesis is organized as follows. Chapter 2 intro-
duces the basic heterogeneous-agent model. Chapter 3 presents the analytical
and quantitative results for the basic model. Chapter 4 discusses the extended
version of the model. Chapter 5 details the data and calibration strategy, as
well as the results concerning foreign demand shocks in the Brazilian economy.

Finally, Chapter 6 concludes.



2
Basic Model

We incorporate incomplete markets and heterogeneous agents into the
seminal open-economy model of Gali and Monacelli (2005). To obtain analyti-
cal results, we assume sticky wages, flexible prices, and a constant real interest
rate. The economy consists of five types of agents: households, mutual fund,
firms, labor unions, and government. Time is discrete and runs from ¢t = 0 to
infinity. Although there is no aggregate uncertainty, households face uninsur-
able idiosyncratic risk.

The world economy is modeled as a continuum of small open countries.
Each country has zero measure, so its domestic policy decisions have no impact
on the rest of the world. The key distinction is that the domestic economy is
now subject to idiosyncratic productivity shocks and sticky wages, while the
other countries in the world economy present a representative agent as well as
flexible prices and wages.

The economy starts in the steady state. At time t = 0, a foreign demand
shock occurs. We study perfect foresight transition paths back to the steady
state. To do so, we employ the solution method from Auclert et al. (2021),
which, through certainty equivalence, yields impulse responses identical to
those of the model with aggregate risk. This entire structure mirrors that
used in Auclert et al. (2024). The difference is that we analyze foreign demand

shocks, while they examine foreign interest rate shocks.

2.1
Domestic Households

The domestic economy is populated by a continuum ¢ € [0,1] of

households which enjoy utility over consumption ¢;; and labor n;;

E i Ik ' —wnil’tw (2-1)
Ot:() 1—0 1+ ’

where o is the inverse elasticity of intertemporal substitution, and ¢ denotes
the inverse Frisch elasticity of labor supply. Consumption is allocated between
home goods ¢; i, and foreign goods ¢;

n=1 1 n=177-1
_ ) s
Cip = |anc; g, + (1 —a)ne; i, ) (2-2)

where « represents the degree of economic openness, and 7 is the elasticity of

substitution between home and foreign goods.
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Households are subject to idiosyncratic productivity shocks e;;, which
follow a first-order Markov chain with mean E[e;;] = 1. They earn labor income
em%nm and invest their savings a;; in a domestic mutual fund with real return

1 + 77, Their period-t budget constraint is

Pr, Py W
— i+ —Cigs+ai = (1+r)ai 1+ es—niy, 2-3
Pt Fit Pt JH T )t ( t ) t—1 it Rf )t ( )

where Py (Pp.) is the price of home (foreign) goods in domestic currency
units, W; is the nominal wage, and P, = [aP};" +(1— oz)jt’é{ﬂﬁ is the
consumer price index.

Given the presence of incomplete markets, households are also subject to

a borrowing constraint
Qg ¢ Z 0. (2—4)

The labor supply decision is delegated to a labor union due to frictions in
the labor market, as specified below. Therefore, given hours worked, household
i selects a path of consumption ¢;; and a path of savings a;; to maximize (2-1)
subject to (2-2), (2-3), and (2-4).

As shown in Appendix A.1, the division of consumption between home

and foreign goods implies the following allocation for household ¢

P\ Pp\ 7"
= (11—« () ci and ¢ pr =« ( : ) Cit 2-5
7H7t ( ) Pt at 7F7t Pt 7t ( )

By aggregating the equations across consumers, the demand for domestic

goods and the demand for foreign goods are, respectively,

P -7 P\ T
Cui=(1-a) <Ht> Cy and Cpr=a <Ft> Cy. (2-6)
: P, ’ B

2.2
Foreign Households

Given that all foreign countries have identical preferences, technologies,
and complete markets, we follow the literature and consider only one repre-
sentative agent for the rest of the world. The variables representing the world
economy are denoted with a star superscript and are not influenced by the

domestic economy, as the latter is infinitesimally small.
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Since the representative foreign agent faces the same problem as domestic

households, then the external demand for domestic goods is

* P}flt - *

Chy=oa| 5o O (2-7)
) Pt

where Py, is the foreign-currency price of home goods, P/ is the foreign price

index, and v > 0 is the elasticity of substitution across countries.

2.3
Real Exchange Rate

We assume that the world monetary authority maintains the foreign-
currency price of the foreign good at a constant level, Pr, = P/ =1, and that

the law of one price holds for both foreign and domestic goods, i.e.

Py
&

PF,t = 5tP1§,t = 5t and P;I,t =

where &, represents the nominal exchange rate. Consequently, the real exchange
rate is

Qi = X (2-8)

Using the equations for the domestic price index and the real exchange
rate, we obtain the real price of home goods and foreign goods in domestic

currency units, as well as the real price of home goods in foreign currency

units
1 1
P 1—aQ""\ ™"  Pg, Py QU —a\T
e Lo d it — - (29
e (A0 T g T (9 (2-9)

As shown in Appendix A.2, the elasticity of imports with respect to
the relative price of imports Pp;/Pp,, while holding aggregate consumption
C; constant, is n(1 — «). Similarly, holding foreign consumption C; fixed,
the elasticity of exports with respect to the relative price faced by foreign
consumers Py, /Pr.; is . Therefore, the trade elasticity — the sum of these two

elasticities — is

x=n(l—a)+7. (2-10)
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2.4
Mutual fund

The economy has free movement of capital flows between countries. In
the domestic country, a representative mutual fund raises a real value A; from

households and invests it in three types of assets:

— domestic nominal bonds with an interest rate ;.

— foreign nominal bonds with an interest rate ;.

Dr+1 + dis (
Dt

— domestic firm equity with return Py is the end-of-period price

of the shares).

The objective of the mutual fund is to maximize the expected real return
on its liabilities r{, . In equilibrium, this results in all assets offering an equal
rate of return. As shown in Appendix A.3, this equality leads to the uncovered

interest parity (UIP) condition

1+n:(LHﬂQ”E (2-11)
Qe
and the following ex-post return at ¢ + 1 on the mutual fund
d
1+ﬁH=1+nzgi£iiﬂmmtzo. (2-12)
2

The ex-post return at ¢ = 0 depends on the initial portfolio of the mutual
fund. To resolve the portfolio indeterminacy, we assume that the mutual fund

is initially entirely invested in domestic stocks. Therefore,

d
1+£:m;°, (2-13)

where p is the steady-state price of the firm equity.

Since there is a unit-mass of shares, the value of the firm is equal to the
end-of-period price of the shares. As stated in Section 2.7, government bonds
are in zero net supply. Therefore, the net foreign position — the difference
between the value of domestic households’ real assets and the total value of

assets in net supply domestically — is given by

nfat = At — Pt- (2—14)
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2.5
Firms

A unit-mass of firms j act in monopolistic competition, using domestic

labor as the only production factor
yj,t = nj7t. (2—15)

Given that prices are fully flexible and e represents the elasticity of
substitution between domestic varieties, the price of home goods is defined

as
Pt = Py = pp,Wy (2-16)

where i, = /(¢ —1) is a constant markup over marginal costs. In this context,

the aggregate real dividend of firms is given by

Py W,
d; = Y, — —N, 2-17
t P, t j2) t ( )

Considering that the law of one price holds, and using equations (2-15),
(2-16), and (2-17), we can respectively express the real wage income and the

real dividends as

4% 1 P
thitNtzf Hi
Pt Hop Pt

1\ Puy
Y, and dy = (1-— |y, 21
CoEe ( u,,)B t 1)

2.6
Labor Unions

The hours worked by household ¢, n; .+, are determined by its labor union
k. There are a continuum of unions, and each aggregates the efficient units of
work from its members into a specific task Ny, = [ €;n; 1 ¢di. These tasks are
packaged using a constant elasticity of substitution function and sold to firms

at a price W, by competitive labor intermediaries
N, = < N dk) . (2-19)
k b

To determine the demand for task k from labor intermediaries, we solve

e—1 E%
max W, </ N, ¢ dk‘) . Wit N,
k 9

Nit

1

where Wy = ( / W, ;ﬁdk‘> o represents the price index for aggregate employ-
Lk
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ment services. Thus, the demand for the specific task of union £ is

N, = . N,. 2-20
ot (Wt) ! (2-20)

Each union sets its wage W}, ; to maximize the utility of its average worker

subject to Rotemberg (1982) utility adjustment costs

w 1 W, 2

where p,, = €¢/(e — 1) is a wage markup, and k,, governs the wage adjustment

cost curvature. Union k faces the following problem at time ¢

I‘ljlvax Z BHT [U(Ot-‘rﬂ') - U(Nt+7—) - Cw,t(Wk,t; Wk,t—l)}- (2-21)
ktor>0
As shown in Appendix A.4, all unions set the same wage W, = W, and,
consequently, Ny, = N, in equilibrium. This, in turn, results in the following
wage Phillips curve
1 NeWy

log(1 + Twyt) = Ku [Ntv’(Nt) o u (Ct)] + Blog(l 4+ mwir1), (2-22)
w t

where 7, = sz/fl — 1 is the nominal wage inflation.
2.7
Government

The fiscal authority does not spend or tax, and domestic bonds are always
in zero net supply. The monetary authority follows a CPI-based Taylor rule
with a coefficient of one on expected inflation. As a result, the real interest

rate remains constant over time
U = Tos + T4, (2-23)

where r, is the steady-state real interest rate.

2.8

Equilibrium

Definition 2.1 Given sequences of foreign demand shocks {C}'}, initial values
for the mominal wage and price levels, an initial portfolio allocation for

the mutual fund, and an initial distribution of households i over their state
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variables such that the economy is initially at a steady state, a competitive

equilibrium is defined as a path of

— policies {¢i mt, CiFt, Cit, Girs1} and distribution D,y for households,
- p’l”iC@S {gtv Qta Pt7 PH,t7 PF,ta Wt7 Z.ta T, T€}7
— and aggregate quantities {Cy, Cry, Cpy, Y, Ny, Ag, Dt dy, nfa, },

such that households optimize, the mutual fund optimizes, firms optimize,
unions optimize, monetary and fiscal policy follow their respective rules, and

both the domestic goods and asset markets clear

Y, =Cuy + C’}’},t and Ay = py + nfa,.

As detailed in Appendix A.5, the current account identity holds in the

equilibrium
_ Py p
nfa, — nfa, | = 2 Y, — Cy+rinfay 1 + (r) —r1) A1, (2-24)
t
where
Py, Py, Pry
NX, = =Y, - C, = —=C%, — —=C 2-25
t B t t Pt H,t Pt Fit ( )

is the value of net exports in units of the consumer price index, and the
valuation effect term (rf —r;_1)A;—; =0 for all ¢ > 1.

As detailed in Appendix A.6, we examine a steady state with no inflation
and no external financial positions. This implies that the domestic mutual fund
owns all shares of domestic firms. Additionally, we set ) = C* = 1, which
consequently leads to the normalization of the prices Py, Pp, P, Pj;, £ to 1.
As a result, the steady state satisfies C' =Y = 1 and it is unique, meaning
the economy returns to this state after transitory shocks. In other words, the

model is stationary.
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Results

This chapter presents the results of our basic model for the transmission
of foreign demand shocks. The analysis is inspired by the work of Auclert et

al. (2024) on the transmission of foreign interest rate shocks.

3.1
Analytical Results

We focus on the response of output, consumption, and trade balance (net
exports). For the latter, equation (2-25) is employed. From equations (2-6) and
(2-7), we obtain the home goods market clearing condition used to decompose

the output response

-n P -
Y, = (1-a) (J?;t’t) C+a ( ;{f) cr. (3-1)
t

As a benchmark, we first consider the seminal representative-agent model
of Gali and Monacelli (2005). In this model, the consumption is determined

by a Euler equation (see Appendix B.1 for further details).

Proposition 3.1 In response to a shock to foreign demand dC*, the impulse
response of consumption in the complete-market representative-agent model is

given by
dC =0,
the impulse response of output dY is determined by

dY = adC*,
~——

Direct
channel

and the impulse response of trade balance is given by

dN X = adC”™.
~——

Direct
channel

Proof. See Appendix C. [ |
Proposition 3.1 presents the analytical impulse responses to a foreign

demand shock in the complete-market representative-agent model. As the

shock does not affect the interest rate, domestic consumption remains at its
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steady-state value. Regarding output and net exports, only the direct effect is
observed, and its impact is amplified by the degree of economic openness.

In the heterogeneous-agent model, the existence of a continuum of house-
holds 7, each with a level of savings a; ; and a productivity e; s, implies different
consumption paths in the economy. From the budget constraint (2-3), we see
that the consumption policy function for household ¢ depends on real labor
income Z, = %NS and the return on the mutual fund r?. As demonstrated
in Auclert, Rognlie and Straub (2024), the individual consumption responses
give rise to an aggregate consumption function. Using equations (2-12) for the
return on the mutual fund and (2-18) for real wage income, the aggregate

consumption function can be expressed as

o [Ws T o [1Pus ™
c=c(tnz {En)” ) =a(tmz L), e
s s=0 s

s=0

Since the model assumes a constant real interest rate, the analysis

depends on two linear maps:

ac o
M = 87 and Mv = a/rg

The (t, s)-th entry of M is the equilibrium response of aggregate con-

sumption at time t to a real income change at time s

change in Z change in Z change in Z

at time 0O at time 1 at time 2
0Co,0/0% 0Co1/07Z; 0Cy2/0Zy - --\ response of C at time 0
M = 0C10/0Zy 0C11/07, 0C12/0Zy -+ | response of C at time 1

0Ca0/0Z 0Cy1/0Z4 0Cs2/0Zy - -- | response of C at time 2

The t-th entry of M, is the equilibrium response of aggregate consump-

tion at time ¢ to a change in the return on the mutual fund at s =0

change in r?
at time 0
0Co0/0rf \ response of C at time 0
M, = OCy0/0rh | response of C at time 1
0Cs/0ry | response of C at time 2
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Proposition 3.2 In response to a shock to foreign demand dC*, the impulse

response of consumption in the heterogeneous-agent model is given by

dC = MdAY + M,drt |
T v
Multiplier  Reyaluation

channel channel

the impulse response of output dY is determined by

dY = adC* + (1 — a)MdY + (1 — a)M,dr},

——
Direct Multiplier Revaluation
channel channel channel

and the impulse response of trade balance is given by

dNX = @dC* — aMdY — aM,dr} .
—— N

Direct Multiplier  Reyaluation
channel channel channel

Proof. See Appendix C. [ ]

Proposition 3.2 shows that now the responses to the shock also depend on
two indirect effects: (i) the multiplier channel, and (ii) the revaluation channel.
The multiplier channel operates through households’ real labor income, as the
expansion of output leads to higher employment, which, in turn, raises the
level of spending by agents. The revaluation channel reflects unexpected capital
gains during the shock period, arising from changes in the present discounted
value of dividends.

The mechanism of the revaluation channel can be understood through
equation (2-12). By iterating this equation forward, we can derive the return

on the mutual fund at t =0

po+d
1471 = Op O_Z<H1+rs>dt~ (3-3)

t>0 \s<t

Since the foreign demand shock induces positive changes in the sequence
{di}$2,, the present discounted value increases. Consequently, there is an
unexpected gain in the return on savings at ¢ = 0.

Finally, comparing our analytical results for foreign demand shocks with
those obtained by Auclert et al. (2024) for foreign interest rate shocks, the
key difference lies in the behavior of the real exchange rate. In the case of the
foreign demand shock, the real exchange rate remains constant. However, in
the case of the foreign interest rate shock, the transmission to the domestic
economy occurs through a depreciation of the real exchange rate. Since the
domestic real interest rate remains unchanged, both behaviors are consistent
with the UIP condition.
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3.2
Quantitative Results

Given that our analysis is inspired by the work of Auclert et al. (2024)
on the transmission of foreign interest rate shocks, we adopt the same cali-
bration to represent the dynamics of the basic model. The parameterization
is presented in Table 3.1. In this section, our aim is not to examine the spe-
cific implications for the Brazilian economy, but rather to assess the relative
importance of some transmission channels.

As is common in the literature, the idiosyncratic productivity e fol-
lows a Markov process. Here, there are 7 states, a standard deviation o, of
0.833, and a persistence coefficient p. of 0.912. Additionally, the model in-
corporates discount factor heterogeneity, with a three-point distribution at
{—A/2,5,6+ A/2} and a third of agents in each.

The foreign discount factor implies an annualized real interest rate of 4
percent in the steady state. In the simulation of the representative-agent model,
the domestic discount factor ( is set equal to the foreign discount factor §*.
Lastly, the elasticities of substitution across goods 7 and ~ are calibrated such
that the trade elasticity is x = (1 —a) +~v = 0.5.

Table 3.1: Calibration of the Basic Model

Parameter Value

Households
Elasticity of intertemporal substitution 1/o 1
Frisch elasticity 1/ 0.5
Disutility of labor Y 1
Elasticity of substitution between home and foreign good 7  0.5/(2 — «)
Elasticity of substitution across countries v 0.5/(2—a)
Foreign discount factor 5 0.99
Average discount factor 6] 0.965
Dispersion of the average discount factor A 0.05
Cross-sectional std of earnings Oe 0.833
Persistence of earnings/idiosyncratic skills Pe 0.912

Business
Price markup oy 1.043
Wage markup L 1/
Calvo parameter for wage 0, 0.938
Degree of economic openness « 0.40

Steady-state net foreign asset position nfa 0
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3.2.1
Impulse Response Functions

We simulate a foreign demand shock under the assumption that Cj
follows a first-order autoregressive process AR(1) with a quarterly persistence
of pc= = 0.75. The shock is normalized to have an initial positive effect of 1%
on foreign demand.

Figure 3.1 presents the impulse response functions (IRFs) for the shock.
As previously discussed, the real exchange rate remains unchanged in both
models. In the heterogeneous-agent model, the return on savings initially in-
creases as a result of the change in the present discounted value of dividends,
whereas it stays constant in the representative-agent model. As anticipated
from Propositions 3.1 and 3.2, the HANK model exhibits a larger output re-
sponse, a positive consumption response, and a smaller trade balance response.
The latter turns negative after the seventh quarter due to the weakening of
the external demand and the strengthening of domestic consumption.

Figure 3.2 illustrates the decomposition of the shock across the chan-
nels. We observe that the multiplier channel plays the most significant role
in amplifying the response, while the revaluation effect contributes minimally
to the overall impact of the shock on the economy. To evaluate the influence
of each channel over the entire period, Table 3.2 presents the relative con-
tributions to the present value of the responses. Panel A illustrates that the
multiplier channel predominates in the transmission of consumption and out-
put, while net exports are equally influenced by the direct channel and the
sum of the indirect channels. Panel B reaffirms that the transmission in the

representative-agent model occurs solely through the direct channel.

Table 3.2: Transmission Channels in the Basic Model

Direct Multiplier =~ Revaluation

(A) Heterogeneous-agent model
Output 40% 58% 2%
Consumption 0% 96% 4%
Net Exports 50% 48% 2%

(B) Representative-agent model
Output 100% 0% 0%
Consumption 0% 0% 0%
Net Exports 100% 0% 0%

Note: The values denote the relative contribution of each channel to the present
value of the response of the aggregate variables. Mathematically, the present values
are calculated as >.7°,dV;/(1 + r)t, where dV; € {dY;, dCy, dN X} is the deviation
from steady state of variable V' at time ¢.
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Figure 3.1: IRFs to a Foreign Demand Shock
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Note: All variables are expressed in percentage deviation from steady state, except
net exports, which is in percentage of steady-state output because its steady-state
value is zero, and the real return on savings, which is in basis points.

Figure 3.2: Decomposing the Effects
Panel (A): Heterogeneous-agent model
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4
Extended Model

This chapter presents the extended version of our heterogeneous-agent
model. It incorporates the following modifications: (i) investment as a compo-
nent of aggregate demand; (ii) price rigidity to model imperfect exchange rate
pass-through; (iii) a standard Taylor rule; and (iv) a segmented international
financial market. The first and fourth items are new compared to the extended
model employed by Auclert et al. (2024).

Investment is included because we want to understand how the transmis-
sion of the shock differs between output and its components. The incorporation
of imperfect exchange rate pass-through introduces the expenditure switching
and real income channels to the foreign demand shock. This happens because
price rigidity breaks the law of one price. These two modifications lead to a
more complete supply side, which now includes domestic retailers, exporters,
importers, and capital producers.

The inclusion of the Taylor rule generates the real interest rate channel.
The segmented international financial market is introduced to break the
UIP condition. Foreign intermediaries have exclusive access to the external
bond market, where they employ a carry trade strategy. Empirically, this is
supported by the extensive use of the Brazilian currency in such strategies.
Theoretically, by breaking the UIP, there is a larger adjustment in the real
exchange rate, which helps to dampen interest rate responses. This is important

because investment decisions are highly sensitive to the real interest rate.
4.1
Production Sector

The production sector comprises four types of agents: domestic retailers,

exporters, importers, and capital producers.
4.1.1
Domestic Retailers

A unit-mass of firms j act in monopolistic competition, utilizing labor

and capital as inputs in a Cobb-Douglas production function

yje = f(kje,nje) = Ok 0 (4-1)

Jit

where O denotes the constant total factor productivity (TFP), and a is the

capital share. Firms hire capital k;, at a price of RF/P, and labor n;; at a
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wage rate of W;/P,. Since ¢ represents the elasticity of substitution between

home goods, the demand for the good j is given by

P -
g (H) v, (42)

where py = ¢/(e — 1) is the home goods price markup. Firm j is also subject
to Rotemberg (1982) adjustment costs

2
P [ N At 4-3
CH,t( JyHty 4 5,H,t 1) T 12Ky [Og (13j7H,t1>‘| ’ ( )

where kg is the slope of the Phillips curve for home goods in domestic currency.
In this context, the firm j chooses its price P; g, labor n;; and capital

k;+ to maximize the present value of its future profits

- .
i H b Kty Mgt P P, 7, f2) 7,

P; W, RE
TP (Pype—1) = | max {]’H’tf(kj,t,nj,t)— ' L,

P, 1
— Cut(Pime, Piri—1) g;tY} + T Jg_]f(Pj,H,t)}

s.t. (4-1), (4-2), and (4-3)

As shown in Appendix D.1.1, all firms set the same price Pj g = Ppy
in equilibrium. This behavior results in the following Phillips curve for home

goods in domestic currency

1 1 Y
) + L log(1+ M), (4-4)

log(l +m =Ky | mecgy — —
g( H,t) H( Ht L 1+r Y,

Py

Pri—1

where 7, = — 1 is the home goods inflation, and the marginal cost is

1 Wy Ny

1—aPH7t}/;'

mcht =

Finally, the aggregate real dividend of the domestic retailer firms is

P W, R} P
dtDR = %Y% — ?:Nt — Fth—]_ - %CH,t(PH,ta PH,t—l)Y;‘ (4_5)
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4.1.2
Exporters

To model imperfect pass-through to export prices, we assume that each
home good j has an associated exporter. This exporter purchases the variety
J at the domestic-currency price P;p; and sells it to foreign agents at the
domestic-currency price &Py .

The production function of the exporter firm j and the demand function
for its good are, respectively,

* * P*Ht - *
iy = 9(@je) = xjp and )y, = (ﬁ) X (4-6)
Ht
where x;; is the quantity purchased by the exporter, €* is the elasticity of
substitution between exports, and u};, = £*/(e*—1) is the export price markup.

Given the foreign demand X;, the external demand for domestic goods is

P* -
Xjp, = a( Hi) X7 (4-7)

The exporter firm j is also subject to Rotemberg (1982) adjustment cost

* 2
* :U’* 1 p', s
CHt( ]Ht’Pj7H,t—1) i 1 * [log <]Ht>] ) (4‘8>

Wy — 12Ky P;H,t—l

where k7, is the slope of the Phillips curve for home goods in foreign currency.
In this scenario, the exporter j chooses its foreign-currency price Pfp ,,

and the quantity to be exported z;; to maximize the present value of its profits

- Py

P
JE(Pr, . max e —
t ( G.Ht 1) { Pt tg( P, gt

* .
P] H,t’ Tj,t

CHt( ],Ht7]3j,H,t—1>?t7t€tXH,t 1+ Jt+1(Pj,H,t)}

s.t. (4-6), and (4-8)

Following the same steps shown in Appendix D.1.1, we obtain the Phillips

curve for home goods in foreign currency

PH,t 1 > 1 XHt+1

+ log(l +x 4-9
51;P}§,t i 1+ XHt g( Ht+1) ( )

log(1+ 73y,) = iy (

Finally, the aggregate real dividend of the exporter firms is

Py P
t ( t Pt

P*
) i = T P Pl ) X (410
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4.1.3
Importers

We model the imperfect pass-through to import prices by assuming that
foreign importers purchase the foreign good s at the domestic-currency price!
&Py = & and sell it in the domestic economy at the domestic-currency price
P, p;. Following the same steps used in the exporters’ problem, we can derive

the Phillips curve for foreign goods in domestic currency

& 1 1 Mg
log(1 = - _ — log(1 4-11
og(l+mpy) = kp (PF,t MF) + 147 Mg, og(1+7mriy1), )

where pp is the import price markup, and Mg, is the domestic demand for

foreign goods.

4.1.4
Capital Producer

A representative capital producer builds the capital stock and rents it to
domestic retailers at a rate RF/P;. The capital stock depreciates at a rate d,

and its production is subject to an investment adjustment cost given by

S(L) J([t_l)é
Iy 2 \ 11
The capital producer chooses the capital stock for the next period? K,

and the investment I; to maximize the present value of its future profits

RY 1
JE (Ko, L) = %aﬁ {PZKtl — Iy + mjgﬂf(t; It)}

s.t. Kt = (]_ - 6)Kt—1 + [1 ) <[t>‘| It'
Iy

As shown in Appendix D.1.2, defining Tobin’s ¢ as the marginal value of

capital at the end of period ¢, the investment dynamics is characterized by

1 RF
Qt: [ t+1

1+7r | P

I I I 1 L1\’ Iiq
l—gl1-5 _ g ( > 1% <> L (413
o [ <[t1> I <[t1>] * 1 +7°tQt+1 I I ( )

!As discussed in Section 2.3, the foreign monetary authority maintains the foreign-
currency price of foreign goods at a constant level Pfp, = Pp, = 1.
2K; = [ kji41dj, where kj 441 is the capital demand from firm j at time ¢ + 1.

+ @1 (1 — 5)] : (4-12)
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The real dividend of the capital producer is

x _ B
dt — ?th_]_ - It' (4—14)

Investment, akin to consumption, is allocated between domestic goods
Iy and foreign goods Ir;. We assume the same degree of economic openness
and the same elasticity of substitution between home and foreign goods for
both consumption and investment. Consequently, the price index — which is

the same for both macroeconomic aggregates — and the investment basket are

n

n—1

I, = a%IF; + (1 —a)

n—1

Tt o
ij;] and P = [aPL 4 (1— )P 7L (4-15)

3=

Using a procedure analogous to that in Appendix A.1, we find the

following allocation of investment between domestic and foreign goods

Py
=

- P -n
) I, and JF,t:a( Fyt) 7. (4-16)

e = (1—a) ( -

4.2
Financial Sector

The financial sector has two types of agents: the mutual fund and a
representative foreign professional intermediary. The mutual fund continues to
exhibit the same behavior as in the basic model, except that it can not directly

buy foreign bonds. Despite this, the return on the mutual fund remains as

d
Lpp, = D0t oS

P 2 -
147, o + do ot 1 (4-17)

where d; = dP + dF + d.

The foreign intermediary trades bonds in both currencies using a carry
trade strategy. In each period, it takes a long position in the foreign bond and
a short position in the domestic bond, or vice versa. These transactions are
carried out by borrowing from the domestic mutual fund or foreign households.

In this scenario, the foreign intermediary maximizes the expected value

of its firm at each period

V, = E, l(1 + i¢) (‘c:t) —(1+ ij)] Bl (4-18)

i

where B} is the size of the position. A positive (negative) position represents
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a long position in the home (foreign) bond and a short position in the foreign
(home) bond.

Following Gabaix and Maggiori (2015), the foreign financier can divert a
portion of the funds. Since creditors anticipate the incentives to divert funds,

the intermediary is subject to a limited commitment constraint

2
V. > |B!| TB/|=T(B!). (4-19)
. \/.5 —— ——
ntermediary Total Diverted :
Value Claims Portion Dlﬁﬁggs le

Therefore, the foreign professional intermediary’s problem is given by

max V; = E, [(1 i) (“’3) —(1+ 2';“)] Bl st. V,>T (B{)2

B] Eit

As detailed in Appendix D.2, the demand for domestic bonds from the

intermediary is
1 . & .
= (£) i) o
I Erv

where I' is the ability to bear risks. As I' increases, the risk-bearing capacity
of the financier decreases, and the bond market becomes more segmented.
In this segmented international financial market, the foreign intermediary

hold the inverse of the net foreign asset position
nfat = At — P = —Btl (4—21)

Substituting (2-8), and (4-21) into (4-20), we obtain that the uncovered
interest parity (UIP) condition is not satisfied

Q:
Qt-i—l

Note that if the financier can take infinite positions whenever there is a

(1+m7) ( ) = (1 + ;) — I'nfa,. (4-22)

nonzero expected return, I' — 0, then the UIP condition is recovered.

4.3
Monetary Policy

The constant real interest rate rule is replaced by a standard Taylor rule
1y = Tss + ¢7Tt’ (4_2?))

where m, = Pﬁ - — 1 is the domestic inflation, and r,, is the steady-state real

interest rate.
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4.4
Equilibrium

Definition 4.1 Given sequences of foreign demand shocks { X} }, initial values
for the nominal wage and price levels, an initial portfolio allocation for the
mutual fund, an initial capital level, and an initial distribution of households
1 over their state variables such that the economy is initially at a steady state,

a competitive equilibrium is defined as a path of
— policies {Ci mt,Cipts Cit, irr1} and distribution D,y for households,
— prices {&, Qy, P, Py 4, Prg, Wi, Rf> qt, it Ttﬂ"f};
— and aggregat&s {Ct7 CH,tu CF,t7 It; IH,t7 IF,t7 MF,t7 1/;7 Kt; Nt7 At7 BtIpr dtDR7
tha df{7 dt7 nfat};

such that households optimize, the mutual fund optimizes, the professional
intermediary optimizes, firms optimize, unions optimize, monetary and fiscal
policy follow their respective rules, and all markets clear:

— the goods market Y; = Cyy + Iy + X+ CrY: + Cr Xt

~ the factor market Ny = [n;,dj and Ky—1 = [ kjdj?,

— and the asset market Ay = p; + nfa,.

As in the basic model, the current account identity holds in the equilib-

rium
nfa, — nfa; 1 = NX; +r,nfa, 1 + (r! —r1) A1, (4-24)
where
Py . Pry
NX, = Pt’t E Xy — B Mp, (4-25)

is the value of net exports, Xj;, is the external demand for home goods, and
Mgy = Ips + Cpy is the domestic demand for foreign goods.

As outlined in Appendix D.3, we focus on the steady state with no
inflation and no external financial positions. The latter condition implies that
the mutual fund is initially fully invested in domestic stocks. Furthermore, we
normalize foreign demand X*, output Y, employment N, and real exchange
rate Q) to 1. To further simplify the steady-state expressions, we also set the
prices of Py, Pp, Pj;, and P to 1.

3This notation indicates that capital is predetermined from the perspective of capital
producer, but not from the perspective of domestic retailers.



5
Foreign Demand Shock in the Brazilian Economy

This chapter presents the quantitative results of our extended model.
Initially, we calibrate the model using Brazilian macroeconomic aggregates, as
well as wealth and income distribution variables. Next, we analyze the impulse
response functions (IRFs) to a foreign demand shock. We then decompose the
transmission channels that affect output and its three components: consump-
tion, investment, and net exports. Finally, we investigate the heterogeneous
behavior of households by analyzing the responses of consumption, savings,

and disposable income across different wealth percentiles.

5.1
Data and Calibration

We calibrate the model at a quarterly frequency to match two sets of
moments: macroeconomic aggregates and distributional variables. The sample
period spans from the first quarter of 1999 to the fourth quarter of 2022. The
starting point of 1999 is chosen because it marks the year when the Central
Bank of Brazil adopted the inflation targeting regime for monetary policy,

while the ending point of 2022 is determined by the availability of data.

5.1.1
Data

Most of the macroeconomic aggregates come from the Sistema de Contas
Nacionais (IBGE, 2024). The exceptions are: the capital stock time series,
which is from the Instituto de Pesquisa Econémica Aplicada (IPEA, 2023); the
wealth-income ratio, from the World Inequality Database (WID, 2024); and the
long-term interest rate, which corresponds to the value used by the Central
Bank in its DSGE model (Fasolo et al., 2023). Regarding the distributional
variables, all data is sourced from the World Inequality Database (WID, 2024).
Table 5.2 presents the average of each variable over the period 1999-2022.

5.1.2
Calibration

Table 5.1 presents our parameterization. Concerning the parameters of
households, we set the elasticity of intertemporal substitution 1/0 to 0.5,
following the world mean value estimated in the meta-analysis of Havranek
et al. (2015, Table A2). The Frisch elasticity of labor supply 1/¢ is fixed at
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Table 5.1: Calibration of the Extended Model

Parameter Value Source / Target
Households
Elasticity of intertemporal substitution 1/o 0.5 Havranek et al. (2015)
Frisch elasticity /¢ 0.5 Chetty et al. (2011)
Disutility of labor ¢ 0.834 Equation (D-9)

Elasticity of substitution home and foreign goods 7 1.022 Fasolo et al. (2023)
Elasticity of substitution across countries v 1.022 Fasolo et al. (2023)
Foreign discount factor g* 0.98  Data moments of Table 5.2
Average discount factor g 0.85  Data moments of Table 5.2
Dispersion of the average discount factor A 0.07 Data moments of Table 5.2

Cross-sectional std of earnings 0. 1.65  Data moments of Table 5.2
Persistence of earnings pe 0.985 Data moments of Table 5.2
Firms
Total factor productivity © 0.817 Equation (D-8)
Investment adjustment cost v o3 Standard
Depreciation rate 0 0.073 Data moments of Table 5.2
Capital share a  0.228 Data moments of Table 5.2
Wage markup i, 1.01  Data moments of Table 5.2
Price markup g 1.01  Data moments of Table 5.2
Exports markup e 1 Law of one price in the s.s.
Imports markup pr 1 Law of one price in the s.s.
Economy
Degree of economic openness a 0.13  Data moments of Table 5.2
Steady-state net foreign asset position nfa 0 Standard
Risk-bearing capacity of the financier I' 0.05 Standard
Prices
Calvo parameter for wage 6, 0.784 Fasolo et al. (2023)
Calvo parameter for domestic goods 0y 0.573 Fasolo et al. (2023)
Calvo parameter for imported goods Or 0.632 Fasolo et al. (2023)
Calvo parameter for exported goods O~ 0.819 Fasolo et al. (2023)
Taylor rule coefficient ¢ 1.5 Standard

the standard value of 0.5 (Chetty et al., 2011). The disutility of labor is fixed
according to equation (D-9) to ensure a steady-state wage inflation of 7, = 0.
The elasticities of substitutions between home and foreign goods, and across
countries are set to n =y = 1.911/(2 — ) in order to achieve a trade elasticity
of x = n(1 —a) +~v = 1.911, which corresponds to the value used by the
Central Bank in its DSGE model (Fasolo et al., 2023).

To match the distributional moments presented in Table 5.2, we intro-
duce heterogeneity in the discount factor. Specifically, we use a three-point
distribution at {6 — A/2, 8, 8+ A/2}, with one-third of agents in each group,
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Table 5.2: Target Moments

Variable Data Model
Macroeconomic aggregates

Output, normalized Y 1.00 1.00
Consumption C 0.82 0.82
Investment 1 0.18 0.18
Exports X 0.13 0.13
Imports M 0.13 0.13
Capital K 2.47 2.43
Wealth-income ratio AlZ 3.81 3.82
Long-term interest rate r 0.01 0.02
Distributional variables
Bottom 50% wealth share 0.01 0.01
Middle 40% wealth share 0.23 0.23
Top 10% wealth share 0.76 0.76
Bottom 50% income share 0.10 0.06
Middle 40% income share 0.31 0.36
Top 10% income share 0.59 0.58

Note: The data are averages over the period 1999-2022. Macroeconomic aggregates
are sourced from IBGE (2024), except for the capital (IPEA, 2023), the wealth-
income ratio (WID, 2024), and the long-term interest rate (Fasolo et al., 2023).
Distributional variables are calculated from WID (2024).

where f = 0.85 and A = 0.07. The idiosyncratic productivity e follows a
Markov process. Here, there are 30 states, a standard deviation o, of 1.65, and
a persistence coefficient p. of 0.985. These values are chosen to replicate the
extreme wealth and income inequality observed in Brazil.

Regarding the parameters of firms, the TFP of © = 0.817 is determined
by equation (D-8), while the investment adjustment cost of ¥ = 3 is a standard
value. We define the depreciation rate and capital share as 6 = 0.073 and
a = 0.228, respectively, to match the capital stock presented in Table 5.2. The
wage markup and price markup are both fixed at p,, = pg = 1.01 to ensure the
wealth-income ratio expressed in Table 5.2. Furthermore, we also have to set
the foreign discount rate to 5* = 0.98 to achieve this moment. Consequently,
both the foreign and domestic economy have annualized real interest rate of
8 percent in the steady state. Finally, the exports and imports markups are
fixed at py* = pup = 1 to guarantee the law of one price in the steady state.

In relation to the parameters of the economy, the degree of economic
openness is fixed at o = 0.13, based on the values of exports and imports

presented in Table 5.2. On the one hand, a zero steady-state net foreign asset
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position is the standard value in the literature. On the other hand, nfa = 0 is
the only value for which the current account identity holds in equilibrium when
NX = 0 and r # 0. Following Itskhoki and Mukhin (2025), the risk-bearing
capacity of the professional intermediary is fixed at a small value, I' = 0.05.

Regarding the parameters of prices, the Taylor rule coefficient is fixed at
¢ = 1.5, which is the standard value in the literature. To calibrate the slopes
of the Phillips curves, we use the relationship between the nominal rigidity
models of Calvo (1983) and Rotemberg (1982): k, = (1 — 8*6,)(1 — 6,) /0, for
prices p € {H, F, H*}, and k,, = (1 —360,,)(1 —0,,)/60,, for wages. Thus, we can
use the same Calvo parameters as Fasolo et al. (2023).

As shown in Table 5.2, the calibration fits the macroeconomics aggre-
gates, and the income and wealth distribution data well. The only notable
discrepancy is in the annualized long-term interest rate, which we set at 8
percent, rather than 4 percent. This adjustment was necessary to achieve the
desired wealth-income ratio. Besides, to match this moment, we also have to
set very small wage and price markups. Thus, as a robustness exercise, Ap-
pendix E.1 presents the IRFs for the model calibrated with » = 0.01 and the
same markup values employed by the Central Bank in its DSGE model.

5.2
Impulse Responses

Figure 5.1 presents the IRFs to a foreign demand shock, under the
assumption that X7 , follows a first-order autoregressive process AR(1) with a
quarterly persistence of px» = 0.75. The shock is normalized to have an initial
positive effect of 1% on foreign demand. These assumptions are consistent with
those used in the quantitative results of the basic model.

The expansion of foreign demand increases net exports, which, in turn,
boosts production. As the economy strengthens, both domestic employment
and prices rise. Higher demand for labor drives up real wages, and the
simultaneous growth in employment and real wages stimulates consumption.

The increase in domestic prices leads to a rise in the consumer price in-
dex. In response, the central bank raises the nominal interest rate, which causes
an increase in the real interest rate. This results in the appreciation of the real
exchange rate, which, in turn, promotes an expansion in imports and a reduc-
tion in exports. Imports also increase as a result of the higher consumption
level. Consequently, the improvement in the trade balance weakens.

Over time, the decline in consumption and the deterioration of the trade
balance lead to falls in both employment and output. This, in turn, slows

inflation, prompting a reduction in both nominal and real interest rates. As a
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Figure 5.1: IRFs to a Foreign Demand Shock in the Brazilian Economy
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consequence, the real exchange rate begins to revert to its steady-state value.
The diminished appreciation of the exchange rate stimulates exports, leading
to an increase in both output and net exports, which eventually return to their
steady-state values.

With respect to investment, the initial rise in the real interest rate causes
a contraction. However, as output surpasses its trough and the real interest
rate declines, investment begins to recover. Due to its sensitivity to the interest

rate, the initial decline in investment after a demand shock is a commonly ob-
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served feature in New Keynesian models. Nonetheless, the dynamics of output
(growth, decline, and recovery), net exports (improvement, deterioration, and
recovery), and investment (initial decline followed by growth) are consistent
with the results observed in the previous and current version of the Brazilian
DSGE model (Castro et al., 2011; Fasolo et al., 2023).

5.3

Transmission

Given that the monetary authority follows a Taylor rule and the law of
one price is no longer valid, the transmission of foreign demand shocks now
occur through six distinct channels: (i) the direct effect, (ii) the expenditure
switching effect, (iii) the multiplier effect, (iv) the real income effect, (v) the
interest rate effect, and (vi) the revaluation effect. The first and second effects
can be classified as trade channels, the third and fourth as labor channels, and
the fifth and sixth as wealth channels.

Beginning with the two trade channels, the direct effect reflects the
increase in production driven by a positive change in external demand. The
expenditure switching effect captures the expansion in foreign demand for
domestic goods due to a decrease in their relative prices.

With respect to labor channels, the real income effect captures the fact
that an increase in the real wage leads to a rise in real labor income. This,
in turn, results in an increase in aggregate consumption and output. The
multiplier effect also operates through income. An expansion in production
generates an increase in employment, which subsequently raises the level of
spending by agents. Additionally, this channel also influences investment, as
the rise in output and employment creates incentives for capital accumulation.

Regarding wealth channels, the interest rate effect reflects changes in
monetary policy. For firms, an increase in the real interest rate results in a
reduction in investment. For households, the interest rate channel involves
both the income and substitution effects. The income effect causes households
to feel richer after an increase in r;, prompting them to consume more. The
substitution effect encourages households to save more in order to enable
greater consumption in the future. The response of consumption through the
interest rate channel is determined by the trade-off between these two effects.

The revaluation channel captures unexpected capital gains or losses
during the shock period, arising from changes in the present discounted value of
dividends. As indicated in Equation (3-3), this present value is determined by
the sequences of dividends and real interest rates. In the event of unexpected

capital gains, household disposable income and consumption increase.
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Figure 5.2: Decomposing the Effects for the Brazilian Economy
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Figure 5.2 presents the decomposition of the transmission channels for
output and its three components: consumption, investment, and net exports.
To assess the influence of each channel over the entire period, Table 5.3 displays
the relative contributions to the present value of the responses.

For output, Figure 5.2 illustrates that, initially, the direct channel is
predominating. The expenditure switching and revaluation channels contribute
to a reduction in output, while the labor channels work to enhance it. However,
the indirect channels nearly offset one another. Over time, the influence of the
direct effect diminishes, and the indirect effects become the dominant drivers of
the output response. In this context, the expenditure switching and revaluation
channels act as negative forces, while the real labor income and interest rate
channels serve as positive ones.

Table 5.3 shows that, throughout the entire period, the trade channels
account for 55% of the response (with emphasis on the expenditure switching
effect), the labor channels contribute 24% (with emphasis on the real income
effect), and the wealth channels represent 21%. In total, the direct channel is

responsible for only 22% of the variation in output.
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Table 5.3: Transmission Channels for the Brazilian Economy

Trade Channels Labor Channels Wealth Channels
Direct Expenditure Multiplier Real Interest Revaluation
Switching Income Rate
Output 22% 33% 10% 14% 8% 13%
Consumption 0% 0% 19% 31% 21% 28%
Investment 0% 0% 28% 0% 72% 0%
Net Exports 45% 41% 3% 4% 3% 4%

Note: The values denote the relative contribution of each channel to the present
value of the response of aggregate variables. Mathematically, the present values are
calculated as >°2°,dV;/(1 + r)t, where dV; € {dY;,dCy, dI;,dN X,} is the deviation
from steady state of variable V' at time ¢.

Regarding consumption, after the shock, the multiplier is the most
important positive force, while the revaluation is the negative force. Over time,
the real income and interest rate channel strengthen the consumption, but the
revaluation continues to diminish it. Table 5.3 indicates that, over the entire
period, the labor and financial channels have equal significance, with emphasis
on the real income and revaluation channels. It is worth noting that the interest
rate channel is positive; that is, the income effect dominates the substitution
effect. The next section offers an explanation for this.

The last two components of aggregate demand have a simpler trans-
mission structure. In the case of investment, the interest rate channel is the
primary driver throughout the entire period. For net exports, the direct chan-
nel serves as the main positive force, while the expenditure switching channel
(resulting from the real exchange rate appreciation) acts as the negative force.

The other channels make only a small contribution to the net exports response.

54
Inequality

In this section, we examine how the foreign demand shock affects three
different wealth groups: (i) the bottom 50%, which represents households
within the Oth to 50th percentiles of the wealth distribution; (ii) the middle
40%, which includes households from the 50th to the 90th percentiles; and (iii)
the top 10%, which includes households within the 90th to 100th percentiles.
These are the same percentiles used to calibrate the model.

Figure 5.3 illustrates the responses of consumption, savings, and dis-
posable income for each wealth group. Initially, the bottom 50% observe an

increase in their disposable income!, which is accompanied by an increase in

!The disposable income of household i is given by (1 + 7/ Yait—1+ €t %‘ni’t.
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Figure 5.3: IRFs by Wealth Percentiles
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both savings and consumption. In contrast, the other two groups experience a

decrease in disposable income due to a reduction in the value of their assets.

However, the expansion in labor income (see real wage and employment in
Figure 5.1) leads to an increase in consumption for the middle 40% and only
a slight decrease in consumption for the top 10%. The labor component of

income also contributes to the increase in savings for the bottom 50%.

Over time, the response of disposable income varies across wealth groups.
As a result, the poor have a decline in consumption, and their savings quickly

return to their steady-state value. The middle class sees an increase primarily in

savings, but also in consumption. The rich have increases in both consumption

and savings. In aggregate terms, the response is largely driven by the top
10%, reflecting the extreme income and wealth inequality in the Brazilian
economy. When considering all periods after the shock, Table 5.4 reveals

that the poor are the most negatively affected in terms of consumption and

disposable income, while the rich emerge as the main beneficiaries.

Table 5.4: Present Value of IRFs by Wealth Percentiles

Consumption Savings Disposable
Income
Total 0.44% 0.70% 0.65%
Bottom 50% -0.60% 0.60% -0.05%
Middle 40% 0.22% 0.63% 0.51%
Top 10% 0.68% 0.73% 0.72%

Note: The values denote the present value of the percentage deviation of each variable
from its respective steady state. Mathematically, the present values are calculated
as: Y 52y dx{ /(1 + r)t, where dzj is the percentage deviation from steady state of
variable x for the wealth group j at time t.
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Figure 5.4: Decomposing the Consumption Effects by Wealth Percentiles
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In Figure 5.4, we present the decomposition of the transmission channels
for the component of output that is directly determined by households. To
assess the influence of each channel throughout the entire period, Table 5.5
displays the relative contributions to the present value of consumption for the
aggregate response and the responses of each wealth percentile.

Starting with the multiplier channel, Figure 5.4 shows that this effect is
initially positive for all wealth groups. However, over time, it becomes negative,
first for the poor, then for the middle class, and finally for the rich. The
magnitude of its influence also follows this order. Therefore, the decline in
employment (see Figure 5.1) initially and most significantly affects the bottom
50%. The other labor effect is positive for all groups, except the poor after some
time. This suggests that the decrease in real wages (see Figure 5.1) also has
the most substantial impact on the bottom 50%. The negative impact of labor
channels on the less well-off is attributed to the fact that these workers are the
most affected by negative productivity shocks. As a result, labor demand and
wages decline more rapidly for them than for other groups.

Regarding the wealth effects, the aggregate interest rate channel is
positive because the transmission to the top 10% is driven by the income

effect. The increase in the interest rate makes wealthy households feel even
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Table 5.5: Transmission Channels of Consumption by Wealth Percentiles

Labor Channels Wealth Channels
Multiplier Real Interest Revaluation
Income Rate
Total 19% 31% 21% 28%
Bottom 50% 38% 17% 23% 22%
Middle 40% 32% 42% 5% 20%
Top 10% 19% 26% 24% 31%

Note: The values denote the relative contribution of each channel to the present value
of the consumption response. Mathematically, the present values are calculated as
S 20dc! /(1+7)t, where de is the deviation from steady-state consumption for the
wealth group j at time t.

richer, which encourages their consumption. For the revaluation channel, we
observe that it is initially negative for all percentiles. However, after the first
quarter, it becomes positive for the poor and middle class. This shift occurs
because these groups hold a relatively small portion of total wealth, meaning
that unexpected capital losses have a limited impact on them. Additionally, the
decline in asset values leads to a drop in the stock market, which discourages
households from saving significantly. In other words, the negative revaluation
makes these households prefer increased consumption.

As previously discussed and reiterated in Table 5.5, aggregate consump-
tion is equally influenced by labor and wealth channels. For the bottom 50%,
labor channels account for 55% of the transmission. For the middle 40%, this
figure rises to 74%, as the interest rate channel contributes minimally. While
the substitution effect clearly dominates for the poor and the income effect
clearly dominates for the rich, these effects nearly offset each other for the
middle class, which leads to a small contribution from the real interest rate
channel. Finally, for the top 10%, the importance of labor channels is 45%.
Therefore, as expected, the poor are more influenced by labor dynamics, while

the rich are more influenced by financial dynamics.

5.5
Robustness

Appendix E presents two robustness exercises. The first exercise involves
calibrating the model using the markup values and the long-term interest
rate from SAMBA (Fasolo et al., 2023), which is the Brazilian DSGE model.
The second exercise compares the IRFs of our extended model with those
obtained from four alternative specifications. Both exercises demonstrate that

the dynamics of output (growth, decline, and recovery), consumption (inverted
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U-shaped growth), and net exports (improvement, deterioration, and recovery)
remain consistent across different variations of the model.

Tables E.1 and E.2 present the differences between the original calibra-
tion and the one based on SAMBA. Although the new calibration incorporates
the Brazilian long-term interest rate, the wealth-income ratio is more than four
times greater than the empirical value. Regarding IFRs, Figure E.1 illustrates
that the key difference lies in the investment, which experiences a slight decline
but soon begins to increase. Regarding transmission, Table E.3 demonstrates
that, owing to the higher steady-state wealth level, the two wealth channels
play a more significant role in influencing output, consumption, and net ex-
ports. However, this pattern does not apply to investment. The smaller drop
in output after the fifth quarter and the negative deviation of the real interest
rate after the tenth quarter relatively strengthen the multiplier channel.

For the specification without investment, Table E.1 presents the parame-
ters whose values were modified to match the Brazilian moments in Table E.2.
Figure E.2 indicates that the main difference is that consumption initially de-
creases after the shock; that is, it partially absorbs the response of the missing
component of aggregate demand. This underscores the importance of including
investment, even if its IRF is not empirically accurate.

Figure E.3 shows that when the UIP condition holds, the appreciation of
the real exchange rate is smaller, resulting in a more pronounced reaction of
the real interest rate. Consequently, the decline in investment is both deeper
and more persistent. In turn, Figure E.4 highlights the importance of the real
interest rate in the investment response. With a real interest rate rule, this
macroeconomic aggregate follows the output trajectory. Finally, Figure E.5
demonstrates that a lower risk-bearing capacity of the representative financier,
I' = 0.20 instead of I' = 0.05, leads to a greater appreciation of the real
exchange rate. As a result, the real interest rate reacts less, and investment
becomes positive. Thus, depending on the calibration, our model is able to

generate a positive comovement between consumption and investment.



6

Conclusion

In this thesis, we study how foreign demand shocks transmit to the
Brazilian economy. To do so, we first incorporate heterogeneous agents into the
seminal open economy model of Gali and Monacelli (2005). We assume sticky
wages, flexible prices, and a constant real interest rate to derive analytical
results. The results show that, while the seminal model is influenced only by
the direct channel, our model captures two indirect channels, which generate
a positive response in consumption. Consequently, there is a larger expansion
in output and a smaller increase in net exports.

Second, we extend our heterogeneous-agent model to incorporate addi-
tional transmission channels. Four modifications are introduced: (a) investment
as a component of aggregate demand, (b) price rigidity to model imperfect ex-
change rate pass-through, (c) a standard Taylor rule, and (d) a segmented
international financial market. As a result, foreign demand shocks are now
transmitted through the direct channel and five indirect channels.

We calibrate the model to match a set of Brazilian aggregate and
distributional moments, then simulate a foreign demand shock. Our results
show that only 22% of the output variation is explained by the direct channel.
Breaking down the transmission, we have that trade channels contribute
55% to the output response, labor channels account for 24%, and wealth
channels represent 21%. For consumption, labor and wealth channels are
equally important. In the case of investment, the interest rate channel is the
primary driver. Regarding net exports, the direct channel acts as the positive
force, while the expenditure switching channel serves as the negative force.

Finally, the responses across different wealth percentiles indicate that
the poor experience the largest decline in consumption and disposable income,
while the rich emerge as the main beneficiaries of the shock. When decomposing
the effects for consumption, we find that the poor are more influenced by labor

dynamics, while the rich are more influenced by financial dynamics.
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A
Basic Heterogeneous-Agent Model

A.l
Domestic Households

Household i's problem can be divided into five steps. The first one deter-
mines the consumption vector of home goods for a given level of consumption
expenditures on home goods. The second one does the same for the consumption
of goods from each foreign country. The third one determines how much to import
from each foreign country for a given level of consumption expenditures on im-
ported goods. The fourth one determines the relative consumption of home goods
versus imported goods for a given level of consumption expenditures. The final step
addresses the consumption /saving decision and is solved by using the endogenous
grid method of Carroll (2006), as implemented in Auclert et al. (2021).

In this section, we present the analytical solution for the first four steps of the
household 7's problem. The first one determines the consumption vector of home
goods (c;; m, for each good j) for a given level of consumption expenditures on

home goods (7T} 1)

13

1 em1 = 1
max </0 cjj,H’tdj> subject to /0 PimiCiimedi =Ty

Cj,i,Hit

€

e—1

1 e
Recalling that ¢; g = (/ cngtd]) 1, we find the following first-order
0 tasl bl
condition (FOC)

1 1

Cz‘g,H,tC‘_,i%H,t = AutPjmy Vi€ [0, 1],

where Ap, is the Lagrange multiplier. Using the FOC, we have the following

relationship between goods j and a

e . 154
Casi, it Py e = Chia Pl g

1
1 e 1 e—1 =1
Using Py, = (/ ]Dlestdj> , CiHt = (/ cngtdj) , and the last
0 b b 0 bS] b
equation, we get the demand function for home good j

P. -
Cji,Ht = (éjj) Ci,Hjt- (A-1)
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The second step of the household problem determines the consumption
vector of country k goods (c;; x+ for each good j) for a given level of consumption

expenditures on country k goods (7} +)

1T et =1 1
max (/0 Cj’;kidj) subject to /o PiriCiintdi = T gt

Cjyisk,t

In a similar way to the previous step, we find the demand function for good

j imported from country k

P' —E&
Ciikt = (_;::) Cik,t- (A-Q)

The third step of the household problem determines how much to import
from each foreign country (c; . for each k) for a given level of consumption

expenditures on imported goods (7} ;).

1 3=l N\ 321 1
max (/ c; ;tdk> subject to / Py iciprdk =T, .
o 7 Jo

Cik,t

Similarly to the previous steps, we get the demand function for goods

imported from country k

P -y
Cikt = (PZ> CiFyt- (A'3)

The fourth step of the household problem determines the allocation of
consumption between home goods (¢; z¢) and imported goods (c; r;) for a given

level of consumption expenditures (7 ;)

3=

n—1 n—1 n—1
} subject to Py ¢t + Pricipe = Tiy.

1 44—
max {(1—0{)’701}71,5—1-&
Ci,H,t:Ci,F,t ”

The first-order conditions are

1 n—1 n—19 —7

n-1 ) _1
{cime} [(1 — Q)¢ fy e by Citry = AurPry,

(1—a)n

n=-1 ; =1 n—1 1 —1
n n n n n J—
Ci g+ QUM Cz’,F,t} anc; iy = AgrPry,

=

S

1

feurd} (1= )

where Ay  is the Lagrange multiplier.
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Using P, = {(1 —a) (PH¢)1_" + (Pm)l_"} = T;+ = Pic;y, and the result
of dividing the first FOC by the second, we obtain the demand functions for home

and foreign goods

-n -n
e = (1—a) () ¢t and ¢ =« () Cit- (A-4)

A.2
Trade elasticities

From the law of one price and equation (2-9), we have

Py QT —a = Pr, Pry - "t
C = — = (1= — )
PF,t ( 1—Oé — Pt ( a) PH,t e

Using the previous equation and (2-6), we derive the elasticity of imports

with respect to the relative price of imports

_ Oln CFﬂg
ah’lPF,t/PH,t

. alnPFi/Pt
Pre_, 778111 PF,t/PH¢ Pp

Pt P

—nl-a).  (A)

Similarly, using equation (2-7) and the fact that P, = P} = 1, the elasticity

of exports with respect to the relative price faced by foreign consumers is

Comci | _owmum|
Oln P}}’t/Pﬁt P, Oln Py, /Pr, P,
P;,t B Pltﬁt a

A.3
Mutual fund

Let A; be the amount of shares the domestic mutual fund sold to households,
i} the nominal return of the mutual fund, s the mutual fund’s holdings of domestic
shares, and B} (B}") the mutual fund’s holdings of domestic (foreign) bonds.

At the beginning of period ¢, the value of the liabilities is equal to the value

of the assets
(L) Ay = (di +p) Psily + (L4 i) B + (L+i_)EBL,. (A7)
At the end of period ¢, the value of newly purchased assets is

At = ptPtSfI + BtI_I + EtBtF (A—8>
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Given that the ex-post real return to the mutual fund is defined as

oy -1
L) = (1 +i)—— (A-9)
B
maximizing the expected real return on the fund’s liabilities 77, is equivalent to
maximizing the expected nominal return 7.
As the optimization condition implies that the nominal return of all assets is

equal, we have

(div1 + pig1) P (1+47)E 1

=144, = A-10
peb ' & ( )
Substituting (A-8) and (A-10) into (A-7), we get
14+, =1+14, fort > 0.
Since P* =1 and the real interest rate is given by 1 4+ r, = (1 +z't)Pil, we
can use equations (2-8), (A-9) and (A-10) to obtain
d 1+7;
L+, =1+r= t+1 TPl ( +Tt>Qt+1, fort > 0. (A-11)

Dbe Q:

A.4
Labor Unions

At time t, each union sets its wage W}, ; to maximize the utility of its average
worker subject to Rotemberg (1982) utility adjustment costs
max Y- 377 |u(Crir) = 0(Nper) = Gt (Wi, W) (A-12)
tor>0
The unions aggregate the efficient units of work from its members into a

specific task Nj; = [ €;n;;+di. This task has the following demand from labor

intermediaries

Neo= (k) N A-13
fit (Wt) ! (A-13)

The real wage income of the average worker is given by

1o W\
7z :7/ e ( ) N, dk.
t 7 Jo k.t W, t
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On the one hand, the envelope theorem applied to the household problem

implies that all income from the union wage change is consumed. Therefore,

oc, 9z, 1
g = o~ 0 e (A-14)

On the other hand, since the hours worked by the average worker are Ny,

we have

ONj4 th
! A15
Wit Wkt ( )

Using equations (A-14) and (A-15), we can derive the first-order condition
(FOC) for the labor union problem

Nt How 1 1
C 1—¢€)N, N, = — log(1 + 7y
( t) Pt( 6) bs U ( t) Wit Féw(,uw - 1) og( o ’k’t) L+ Tt Wit
Y L Wi
+ f————=log(1 + 7, ——=— =0
K (fw — 1) 8 7k7t+1)7Tw7k,t+1 W;it
Since p, = €/(e — 1), we can rewrite the FOC as
1 Ny ¢ 1 1
— Cy)—=N wV (V, — log(1 + my,
Mw ( t) P, bt T Fuw? ( t>Wkt Og( i 7k7t) 1+ Tw,k,t Wk,t—l

1 Wi

p— O
W2
Tw,k,t+1 kot

+ Blog(1 + Ty ke+1)

In equilibrium, all unions set the same wage W;,, = W;, and so Nj; = ;.
Therefore,
1 NtWt ’

log(1 + m, Ky | N (N) — —
g( ,t> t ( t) L P,

u'(Cy)| + Blog(1+ Twir1). (A-16)

A5
Current Account ldentity

Aggregating the budget constraints of households, equation (2-3), we obtain:

P, P W,
ﬂCFt HtCHt + At (1 + T’f)At,1 + PtNt (A—17>

Using equations (2-12) and (2-14), we can rewrite the aggregate ex-post

return as

(1 + Tf)At,1 = (1 + T’tfl)Atfl —+ (Ttp — thl)Atfl

(A-18)
= dt +pt + (]. —+ T’t_l)nfat_l + (T’f — Tt—l)At—L
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Substituting (2-14) and (A-18) into (A-17), we have

gy, ? !
Igt Cret ]iLtCH’t+pt+nfat = dy+pt(L+r-n)nfa +(rf —r-1) Aea + pt N;.
t t )

Incorporating real dividends, equation (2-17), into the last equation, we

obtain the currency account identity

P
nfat — nfat_l = %n — Ct -+ Tt_lnfat_l + (Tf — rt—l)At—ly (A—lg)
t

where the value of net exports in units of the consumer price index is defined as

PHt PHt
N = — — = —
Xi P, Y, — G P,

Pry

o L
Hit Pt

Cr. (A-20)

A.6
Steady state

Substituting equations (2-6) and (2-7) into the domestic goods market

clearing condition, we obtain

P\ Pr\ "7
Y, = (1—a) (2 : -
0= a)< 2 > Cita ( B) Y (A-21)

= (1= a)(pu(Q:)) "C; + alpy(Q:) " CF,

where py (Q:) and p};(Q:) come from equation (2-9).
Substituting the same equations into (2-25), we get

Py, (Pi\ 77 Pry (Ppy\ "
NXt—ozH’t< H7t> c F,t( F,t) c,

YR \p
= apu(Qy) (Pi(Qr) 7CF — Q) T"C.

(A-22)

A steady state is characterized by a constant level for all aggregates
{C,Cyx,Cr,Y, A, p, D,nfa} and relative prices {Q, Py/P, P};/P*,W/P,r,r*}.
From the UIP condition, equation (2-11), » = r*. Equation (2-18) determines
the long-run real wage and dividends

b= (@ and D= (1= 1) (@)

From equation (2-12), we have the long-run domestic stock price

p= i (1 - 1) pu(Q).

Hp
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Equation (2-14) implies the long-run net foreign asset position
nfa=A — p,

where A = A(r,py(Q)) is a function of the steady-state real interest rate r and

real income py (Q).
The aggregate consumption function C' must satisfy

C=C(rpu(Q) (A-23)
and also equation (2-24)
r-nfa=—NX =C —pu(Q)Y. (A-24)
From (A-21), we get the long-run output

V=(0-a)(pu(@)"C + alpp(Q))7C" (A-25)

Substituting (A-25) into (A-24), we obtain the long-run net export equation.
Finally, from (2-22) and Y = N, we have the long-run wage inflation rate

log(1 + my,) = 1_15/% Yo'(Y) — /iuyg/u’((]) : (A-26)

The equations presented above allow us to conclude that a steady state

is characterized by a 4-tuple (Y, @, C,nfa) for output, real exchange rate, con-

sumption, and net foreign position, which satisfies equations (A-23), (A-24), and

(A-25). Moreover, a zero-inflation steady state requires that this 4-tuple also satis-

fies equation (A-26) with m,, = 0. Since we have four equations and four variables,
the zero-inflation steady state is unique.

Without loss of generality, we can normalize C* = () = 1 so that all relative

prices are 1. Then, by solving the system derived from equations (A-24) and (A-25),

we have:

1—
(6]

Y=1+

1
a~r-nfa and C =1+ —-r-nfa
(8]

Setting nfa = 0, we obtain Y = C' = 1. Since ¥y = 1 and p, = 1/u,,
equation (A-26) implies that 7, = 0.



B
Representative-Agent Model

Here, we present the complete-market representative-agent model.

B.1
Representative Domestic Household

The representative domestic agent can buy and sell Arrow-Debreu securities

for each aggregate state s! of the world in order to maximize

S5 Pr(sh)t {u(C) — v(No)} (B-1)

t=0 st

subject to the sequence of budget constraints at each t:

PCy + Z Mi1(5e41) Bey1(S41)

St+1

+ &> My (s041)Br (se01) < WilNy + Dy + By + &, By,

St+1

where &, is the nominal exchange rate, B;11(si11) (Bf1(s:+1)) denotes holdings
of domestic (foreign) Arrow securities that pay one unit of domestic (foreign)
currency in state s;y1, Myp1(Se41) (M 1(si11)) denotes the domestic-currency
(foreign-currency) price at time ¢ of these securities, and D; is the sum of dividends
from domestic firms, which are now exclusively owned by the representative agent.

The first-order conditions for the choices of By, are

Ot+1>g ( P, )
— My y.1, B-2
5(C¥ - " (B-2)

and for the choices of B}, are

Ciy1 > (R (5t+1>
= M —_). B-3
5( Ct Pt+1 tt+1 gt ( )
- : : 1
Combining these two equations and using the fact that T -

(2
Mt,t+1(st+1> ;
s; 1 +f

condition (equation 2-11).

= > M/, 1(s:41), we are able to recover the UIP

St4+1

Finally, by summing equation (B-2) across all states and using the Fisher

equation, we recover the Euler equation

Cr? =B +m)C . (B-4)
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B.2
Representative Foreign Household

The representative foreign agent can buy and sell Arrow-Debreu securities

for each aggregate state s’ of the world in order to maximize

S5 P (), ) (V) (35

t=0 st

subject to the sequence of budget constraints at each t:

PrCY + Z Mtft—i—l (3t+1)B:+1<3t+1)

St4+1

1 B
+ =Y Mypi1(se41) By (se01) < WIN; + Df + ?t + By,
t

tosiy1

where B, represents time-varying patience for the representative foreign household.
By assumption, B; € (0, B) has initial value B_; = 1 and reverts to 1 in the long
run, that is, lim; . B; = 1.

Combining the first-order conditions for C; and N;*, we obtain:

v'(N) . Wi

= . B-6
u’(Ct*) Py ( )
The first-order conditions for the choices of B, are:
Bwl<cm1>"<f¢>
* =M}, ., B-7
b B, Cy P b (B7)
and for the choices of By, are:
Biyi (Cin - Py <5t+1>
* = M, — ). B-8
15} B, < Cr P ti+1 g, (B-8)

Applying the same steps as those used for the representative domestic

household, we recover the following Euler equation

Bi(Cy)™ = 57 (1 4 17) B (Crin) ™7 (B-9)

B.3
Foreign Demand Shock

All foreign countries produce their own goods under constant returns to scale,

with flexible prices and wages

zZr

Y7 = ZN; and B =g
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Given that the home country is small, the market clearing for the composite

foreign good is
Cr =Y/

Our foreign demand shock is induced by a foreign productivity shock. To
prevent fluctuations in the foreign interest rate and to reconcile the computational
modeling of external consumption as an AR(1) process with the foreign represen-
tative household problem, the foreign productivity shock must be accompanied by
a preference shock.

Using the definitions of N} and W}/ P} in equation (B-6), we obtain

*\ O 1 *
(Ct) = E(Zt )H@- (B—lO)
Substituting (B-10) into (B-9):
1 B [(Z5\
147 =——— < f“) . B-11
LB B \ 7} ( )

To maintain the foreign interest rate at its steady-state value, r; = 1/5*—1,

it is necessary that:

a(l+¢)
Bt Zt* o+p
Bt Zi

Given that B_; = 1 and lim;_,,, B; = 1, we get the following sequence of

preference shocks

B =1] (2555

s>t



C
Proofs of Propositions

Proof of Proposition 3.1: We divide the proof into three steps. First, we show
the impulse response of consumption dC'. Second, we show the impulse response

of output dY . Third, we show the impulse response of trade balance dIN X.

(i) Consumption:

Combining equations (B-2) and (B-8), we get

B; <Qt+1> (Ct+1>_o _ (CfH)_o
Bit1 Qy Ci Ct ‘

Substituting (B-9) into the previous expression

e () () -

Given that (1 4+ ;) = (14 rk) = 1/5* and Q¢ = 1 for all ¢, then
CH—I = Ct = ( for all ¢t.

(ii) Output:
Since d@Q = 0, equation (2-9) implies

Pu a Pr P 1

We differentiate equation (3-1) around the steady state, Py /P = P};/P* =
landC=C*"=Y =1, and use dQ = dC = 0 to find

v oot (20) i) (5 i)

= adC™.

(iii) Net exports:
Following the same steps as for the output, the differentiation of equation

(2-25) around the steady state implies

- (a(52) <205 i) - (1 (52 )

= adC™. [ |
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Proof of Proposition 3.2: We divide the proof into three steps. First, we show
the impulse response of consumption dC. Second, we show the impulse response

of output dY . Third, we show the impulse response of trade balance dIN X.

(i) Consumption:
Using equations (2-6) and (3-2), the aggregate consumption function can be

expressed as

PHt - 1PH$ OO
—(1—a) (2 P {r)o, =y,
Ct ( Oé) ( F)t ) Ct <T0 9 {7’5}8:0 9 {,LL Ps s} )

s=0
PFt>_77 1Pys |~
7 C b S o y Y 7}{9 .
+a<Pt ' TO’{T(}SZO ,uPs s=0

We differentiate the aggregate consumption function around the steady state,
Py/P=Pj;/P*=1and C=C*=Y =1, to find

Py 1 Py
dC =(1 —a) |—nd [ “2) + Mydr? + Mydr + My — (d -2 +ay
(- ot () - dtet s dgae s ato (o) av)
P, 1 P,
+al—77d <F>+Mvdr§+Mrdr+My (d <H>+dY>],
P Hp P

where M, is a vector representing the increased spending from revaluation 5, M,
is the Jacobian of aggregate consumption with respect to the path of real interest
rate rs, and My is the Jacobian of aggregate consumption with respect to the
path of output Y.

To simply the notation, we define the Jacobian of aggregate consumption

with respect to the real labor income Z, as

1
M = —My.
Hp

Since dQ = 0, equation (2-9) implies

Py a Pr

Therefore, by utilizing M, dQQ = 0 and dr = 0, we obtain

dC = MdY + M,dr%. (C-1)
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(ii) Output:
Since dQ = 0, equation (2-9) implies

Pu o P 1

We differentiate equation (3-1) around the steady state, Py /P = P};/P* =
land C = C* =Y =1, and use equation (C-1) to find

QY = (1—a) (—nd (if) + dC) +a (—vd (1;:1 ) + dc*> o)

=(1—-a)MdY + (1 — a)M,drl + adC"*.

(iii) Net exports:
Following the same steps as for the output, the differentiation of equation

(2-25) around the steady state implies

INX = a <d (if) —~d (I;H> + dc*) —a ((1 —n)d (1135) + dC’) (c-3)

= adC* — aMdY — aM,dr.




D
Extended Heterogeneous-Agent Model

D.1
Production Sector

In this section, we present the solutions to the domestic retailers’ problem
and the capital producer’s problem. The problems of exporters and importers are

solved in a manner similar to that of domestic retailers.

D.1.1
Domestic Retailers

Using upg = ¢/(e — 1), (4-1), (4-2), and (4-3), we can rewrite the firm j's

problem as
TP (Pymg) = | max {Pjgj’tf(/fjmnj,t) - IJ/L/;% - Jgkj,t
L [bg (PPHH)] Ly, + Jnjgfmﬂ,»}
sit. (f(kj;;nj’t)) Ea Pg’tﬁ = Pjgj’tﬁ

Let A;; denote the Lagrange multiplier on the production constraint. The
first-order condition (FOC) for labor n;; is

—2up

1
Pj b4 L=\ (f(kje,ne)\ "2 Py Wi
T ( > ( ]Yt 4 B fu(kjem ) = B

In equilibrium, all firms select the same price P, = Pp;. Consequently,
f(kje, i) = F(Ky—1, N;) =Y;, and the FOC can be rewritten as

L—pg\| Puy Wi
1 =~ FL(ki—1, Np) = —
[ + )\t ( 15 >] Pt n( t—1y t) Pt )

mcy ¢

where mcp,; denotes the marginal cost. From this FOC, we find the following

relationship between marginal cost and the Lagrange multiplier

1—
mCH’t =1 + >\t < 0 ,U/H> y (D—l)
H
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and we also obtain the labor demand of domestic retailers

Wt . PH,tﬁ

— . D-2
PN, (D-2)

The FOC for capital k;; is

1—2pp
Pimy L—pu\ (f(kje,ne)\ "2 Puy RY
LASSY it 1, LHt Lot ) =
Pt + 75t ( MH Y;g fk( J7t7njat> Pt )

Following the same logic applied to the labor FOC, we can derive the capital

demand of domestic retailers as

Ry Py, Y,
D o : D-3
p, TR T (D-3)
The FOC for price Pj g4 is

L pu 1 L Py

— f(kje,nje) — —F——log (1 + 'y,

Ptf( 7t ],t) /{H(MH _ 1) g( j,H,t) 1+ T E’Hyt_l Pt t

! i) 1 P miv1 P 1
+ 10 1+7T J,11, ) Y _)\ 7Y:O‘
L+ 7 kp(pr —1) 2 sest) L+ 741 P]2Ht P Hl »pt

The previous equation shows that all firms indeed choose the same price

P; it = Ppy. Thus, multiplying the FOC by P, we can rewrite it as

kg (pr —1)
1—N)—————2Y, — log(1 + 7)Y, +
( t) L t g( H,t) t 1+ 1,

log(1 4+ 7 441) Y41 = 0.

Incorporating (D-1) into the FOC, we derive the Phillips curve for home
goods in domestic currency

1 1 Y
log(1+ 7 =ky |megs — — | + log(1+ 7 , D-4
g Ht) H ( Ht m{) 1+r Y, g Hit1) ( )

1 W, N,
- aﬁl?j is the marginal cost, which is derived from (D-2).

where mcg ¢ =

D.1.2
Capital Producer

The capital producer’s problem can be written as

RY 1 I
JE(K, 1, L) = max {Pth_l—ItJerng ((1 — 6 K1+ [1 -8 (Ittlﬂ I, 1t> }
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Let's define Tobin's ¢ as the marginal value of capital at the end of period ¢

1 0K (K1)
1+Tt aKt ’

qt

The envelope condition for K;_; is

JE (K, 1 I y)  RE 1 9JK (K, L)

=_t 1-9).
3Kt_1 Pt + 1+ Tt 8Kt ( )
Using the definition of Tobin's ¢, we have
_ Ry, B
(1 +r) = D + qr11(1 = 6). (D-5)
t+1

The envelope condition for I;_; is

OJf (Koo hiy) _ 1 0I5B k) o (1, L\’
ol L+ 0K, Iy Ly)

The FOC with respect to I; is

Ll LKW [ o B (L L], 1 OIS (KD
1 + Tt aKt It—l [t—l 1 + Tt 8[t

Substituting the definition of Tobin's ¢ and the envelpe condition for K;_;
into the FOC, we obtain

I I I 1 L1\’ Iy
l—ql1-5 _ g <> I () . (D6
! l (fu) I (Iuﬂ IR ) P9

D.2
Financial Sector

The problem of the representative foreign professional intermediary is

max V; = K, [(1 +i) (‘3) 1+ i:)] B/ st. V;>T(B})
Bf Ein

The constraint always binds because the objective function is linear in B/

and the right-hand side of the constraint is convex in BtI. Thus, the solution is

Bl = 1{ l(1 + it <&> —(1 +if)] : (D-7)

Eii1
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D.3
Steady State

We focus on the steady state with no inflation, m, = 7y = 7}, = mp = 0,
and no external financial positions, nfa = 0. These conditions imply that A = p
by the market-clearing condition for the asset market, and ¢ = ry, by the Taylor
rule. The foreign demand X*, output Y, employment NV, and real exchange rate
() are normalized to 1. Additionally, the prices Py, Pr, Pj;, P are each set to 1.

In this steady state, the domestic demand for foreign goods and the external

demand for home goods are, respectively,
MF:CF+IF:OZ(C+I) and X}}ZO[

Since S = 0 in the steady state, the law of motion of capital implies that
I = §K. Furthermore, the investment conditions (4-12) and (4-13) imply ¢ = 1
and a capital rate of
1 [RF
=——|—+4+q(1-0)| <= R =r+4d.
[ vsona] s

The Phillips curve for home goods, equation (4-4), implies mcy = 1/puy.

Consequently, the labor demand, equation (D-2), leads to the following steady-
state wage

_ 1 Nw o 1-a

mcy

The capital demand, equation (D-3), results in the steady-state capital stock

LA ' S
P uy PK opa (r+46)

From the production function of domestic retailers, we determine the TFP
level that is consistent with our steady state

Y:@K“N““@@:i@@: par(r +9) : (D-8)
Ka a

The steady-state real dividend of the capital producer, equation (4-14), is

R¥ a
A= —K-1 < d¥=— :
P pir (6 +7)
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Since (g = 0, the steady-state dividend of the domestic retailers, equation
(4-5), is

dDR:%Y—VgN—fK = dDR:l_ulH'
We define the export and import price markups such that 7}; = 7z = 0 and
the law of one price holds in the steady state. Consequently, from equations (4-9)
and (4-11), we obtain 3, = up = 1. Furthermore, given the law of one price and
(3 = 0, the steady-state dividend of the exporters is d¥ = 0.
Given that nfa = 0, equation (4-22) implies that the UIP condition is
satisfied. Consequently, B = 0 and r,, = r = r*. Moreover, we obtain the

steady-state price of the firm equity from equation (4-17)

d 1
p=—, where d=dP4+d"¥ +dF = (1_> +L a '
r K o (6 +7)
We define the labor disutility parameter 1/ such that the wage Phillips curve
(2-22) implies m, =0
1 NW

1
YN'P = =2 (077 = o= —WC™. (D-9)
p P How

Finally, since Y =1, I = 0K, X}; = «, and (g = (; = 0, the market-

clearing condition for home goods determines the steady-state consumption

da

Y=C I X5 <— Y=(1- C+1 = C=1——.
m+ 1o+ Xy (I=a)(C+I)+a (i (r +9)

Since nfa = 0, it follows that NX = 0 by equation (4-24). Thus, equation
(4-25) and Xj; = o imply Mp = «.
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Robustness Exercises

E.1
Alternative Calibration

Figure E.1: IRFs for the Target Moments and Samba Calibrations
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Note: Most of the variables are expressed in percentage deviation from steady state.
There are two groups of exceptions: (i) net exports, and the net foreign asset position;
(ii) CPI inflation, the nominal interest rate, and the real interest rate. The first group
is in percentage of steady-state output, as their steady-state values are zero. The

second group is in basis points.
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Table E.1: Comparing the Calibrations

Parameter Target Samba Without
Moments Investment
Households
Foreign discount factor B 0.98 0.99 0.99
Average discount factor Ié] 0.85 0.93 0.85
Cross-sectional std of earnings o, 1.65 1.90 1.67
Persistence of earnings Pe 0.985 0.987 0.984
Firms
Depreciation o 0.073 0.075
Capital share a 0.228 0.230
Wage markup Lo 1.01 1.1 1/ g
Price markup L 1.01 1.1 1.038

Note: This table illustrates the differences between our original calibration — target
moments calibration — and the Samba calibration. Furthermore, it presents the
parameters with different values in the specification without investment.

Table E.2: Target Moments in Each Calibration

Variable Data Target Samba Without
Moments Investment
Macroeconomic aggregates
Output, normalized Y 1.00 1.00 1.00 1.00
Consumption C 0.82 0.82 0.82 1.00
Investment 1 0.18 0.18 0.18
Exports X 0.13 0.13 0.13 0.13
Imports M 0.13 0.13 0.13 0.13
Capital K 2.47 2.43 2.46
Wealth-income ratio AlZ 3.81 3.82 16.50 3.80
Long-term interest rate r 0.01 0.02 0.01 0.01
Distributional variables
Bottom 50% wealth share 0.01 0.01 0.01 0.01
Middle 40% wealth share 0.23 0.23 0.23 0.23
Top 10% wealth share 0.76 0.76 0.76 0.76
Bottom 50% income share 0.10 0.06 0.06 0.06
Middle 40% income share 0.31 0.36 0.35 0.35
Top 10% income share 0.59 0.58 0.59 0.59

Note: This table shows the values of the target moments in each calibration.
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Table E.3: Transmission Channels in Each Calibration

Trade Channels Labor Channels Wealth Channels
Direct Expenditure Multiplier Real Interest Revaluation
Switching Income Rate
(A) Target Moments Calibration
Output 22% 33% 10% 14% 8% 13%
Consumption 0% 0% 19% 31% 21% 28%
Investment 0% 0% 28% 0% 72% 0%
Net Exports 45% 41% 3% 4% 3% 4%
(B) Samba Calibration
Output 20% 30% 7% 14% 13% 16%
Consumption 0% 0% 11% 28% 28% 33%
Investment 0% 0% 41% 0% 59% 0%
Net Exports 44% 40% 2% 5% 4% 5%
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Note: The values denote the relative contribution of each channel to the present
value of the response of aggregate variables. Mathematically, the present values are
calculated as >7°) dV;/(1 + r)t, where dV; € {dY;, dCy, dI;, dN X} is the deviation
from steady state of variable V' at time ¢.

E.2
Alternative Specifications of the Model

Figure E.2: IRFs for the Specification without Investment

Output Consumption Net exports
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---- Model without investment —— Extended model

Note: All variables are expressed in percentage deviation from steady state, except
net exports, which is in percentage of steady-state output, and the real interest rate,
which is in basis points.
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Figure E.3: IRFs for the Specification in which the UIP Condition Holds
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---- Model with UIP condition —— Extended model

Note: All variables are expressed in percentage deviation from steady state, except
net exports, which is in percentage of steady-state output, and the real interest rate,
which is in basis points.

Figure E.4: IRFs for the Specification with Real Rate Rule
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---- Model with real rate rule —— Extended model

Note: All variables are expressed in percentage deviation from steady state, except
net exports, which is in percentage of steady-state output, and the real interest rate,
which is in basis points.
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Figure E.5: IRFs for the Specification with Larger UIP Deviations
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---- Model with larger UIP deviations = —— Extended model

Note: All variables are expressed in percentage deviation from steady state, except
net exports, which is in percentage of steady-state output, and the real interest rate,
which is in basis points.
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