PUC-RIo - Certificacdo Digital N° 1012752/CA

PONTIFfCIA UNIVERSIDADE CATéLIC
DO RIO DE JANEIR

Nilda Mercedes Cabrera Pasca

Three Essays in Macroeconomics

Tese de Doutorado

Thesis presented to the Postgraduate Program in Economic of
the Departamento de Economia, PUC-Rio as partial fulfillment
of the requirements for the degree of Doutor em Economia

Advisor : Prof. Carlos Viana de Carvalho
Co—Advisor: Prof. Eduardo Zilberman

Rio de Janeiro
September 2014


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

PONTIFI/CIA UNIVERSIDADE CATéLlc
DO RIO DE JANEIR

Nilda Mercedes Cabrera Pasca

Three Essays in Macroeconomics

Thesis presented to the Postgraduate Program in Economic of
the Departamento de Economia, PUC—Rio as partial fulfillment
of the requirements for the degree of Doutor em Economia.
Approved by the following commission:

Prof. Carlos Viana de Carvalho
Advisor
Departamento de Economia — PUC-Rio

Prof. Eduardo Zilberman
Co—Aduvisor
Departamento de Economia — PUC-Rio

Prof. Tiago Couto Berriel
Departamento de Economia — PUC-Rio

Prof. Juliano Junqueira Assuncao
Departamento de Economia — PUC-Rio

Prof. Sergio A. Lago Alves
Banco Central do Brasil

Prof. Cezar Santos
Departamento de Economia — EPGE-FGV

Prof. Monica Herz
Coordinator of the Social Science Center — PUC-Rio

Rio de Janeiro — September 10, 2014


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

All rights reserved.

Nilda Mercedes Cabrera Pasca

Nilda Pasca graduated from the National University of San
AgustAn Arequipa - Peru, and MA in Economics from Federal
University of Rio Grande do Sul, and now a doctorate degree
in economics from PUC-Rio.

Bibliographic data

Pasca, Nilda

Three Essays in Macroeconomics / Nilda Mercedes Ca-
brera Pasca ; advisor: Carlos Viana de Carvalho; co—advisor:
Eduardo Zilberman. — 2014.

80 f. :il.; 30 cm

Tese (Doutorado em Economia)-Pontificia Universidade
Catdlica do Rio de Janeiro, Rio de Janeiro, 2014.
Inclui bibliografia

1. Economia — Teses. 2. Expansdo de Crédito; Friccoes
financeiras; Crédito Consignado; Desigualdade de Renda;
Familias heterogéneas; Mercados incompletos; Politica mo-
netdria; Precos das commodities; FAVAR. |. Viana de Carva-
Iho. Il. Zilberman. Ill. Pontificia Universidade Catdlica do Rio

de Janeiro. Departamento de Economia. IV. Titulo.

CDD: 330



DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

To my beloved parents, sisters and brother.


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

Acknowledgments

Aos meus orientadores Professores Carlos Viana de Carvalho e Eduardo
Zilberman pelos ensinamentos, paciéncia e estimulos para a realizacao desta
pesquisa. Muito Obrigada.

Aos professores do departamento, pelos seus ensinamentos que con-
tribuiram valiosamente com minha formagao do doutorado.

Aos meus amados pais, Gabriel e Eufemia, que apesar da distancia,
sempre estiveram muito perto de mim. Obrigada por tudo.

As minhas irmis e ao meu irmao pelo carinho, amor e por sua compressao
por tantos momentos de auséncia.

Aos meus colegas e amigos da PUC-Rio pela amizade e apoio em
tantos momentos vividos durante estes anos, em especial pela convivéncia na
favelinha. A Guilherme Hirata, Rafael Cayres e Joana Costa pela sua amizade
e apoio em todos os momentos. Em especial a Laura Souza pela sua amizade,
apoio e parceria.

Aos funciondrios do departamento pelo apoio durante todo o curso.

A Capes, CNPq e & PUC-Rio pelos auxilios financeiros concedidos, sem

os quais este trabalho nao poderia ser concluido.


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

Abstract

Pasca, Nilda; Viana de Carvalho (Advisor); Zilberman (Co-advisor).
Three Essays in Macroeconomics. Rio de Janeiro, 2014. 80p. PhD
Thesis — Departamento de Economia, Pontificia Universidade Catdlica
do Rio de Janeiro.

This thesis is comprised of three articles independent related to macro-
economics. In the first article, we augment a relatively standard dynamic,
general equilibrium model with financial frictions, in order to quantify the
macroeconomic effects of the credit deepening process observed in Brazil. In
the model, a stylized banking sector intermediates credit from patient hou-
seholds to impatient households and firms. The key novelty of the paper is
to model the credit constraint faced by (impatient) households as a function
of future labor income. In the calibrated model, credit deepening generates
only modest above-trend growth in consumption, investment, and GDP. In
the second article, we documented that the association between consumption
growth and credit expansion is stronger in countries with higher income ine-
quality. We use an incomplete markets model with heterogeneous households,
idiosyncratic risk and borrowing constraints to check in which extent this the-
oretical framework can rationalize the empirical finding. We show that when
the source of income inequality comes from households’ lowest fixed level of
human capital, our model can rationalize the empirical evidence. Once other
sources of income inequality are considered, the opposite occurs. Finally, in
the third article, we use a Factor-Augmented Vector Autoregressive (FAVAR)
model to estimate the impact of an international interest rate shock and a
commodities price shock on the Peruvian economy. Our results suggest that
a positive international interest rate shock has contractive effects, it reduces
GDP and inflation rate and generates an exchange rate depreciation, an incre-
ase of the domestic interest rate and a reduction of international reserves. In
the case of commodity price shock, we find that its effects are consistent with
the previous literature in which a positive shock expands GDP, net exports

and inflation rate.

Keywords
Credit Deepening; Financial Frictions; payroll lending; Income Inequa-

lity; Heterogeneous households; Incomplete Markets; Monetary Policy; Com-
modity prices; FAVAR .
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Resumo

Pasca, Nilda; Viana de Carvalho (Orientador); Zilberman (Co-
orientador). Trés Ensaios em Macroeconomia. Rio de Janeiro,
2014. 80p. Tese de Doutorado — Departamento de Economia, Pontificia
Universidade Catélica do Rio de Janeiro.

Esta tese é composta por trés artigos independentes relacionados a ma-
croeconomia. No primeiro artigo, nés aumentamos um modelo dinamico de
equilibrio geral relativamente padrao com fricgoes financeiras, a fim de quanti-
ficar os efeitos macroeconomicos da expansao de credito observado no Brasil.
No modelo, um estilizado setor bancario intermedia credito das familias paci-
entes para as familias impacientes e empresas. A novidade fundamental deste
artigo é que nés modelamos a restri¢ao de crédito enfrentada por (impacientes)
familias em funcao do rendimento do trabalho futuro. No modelo calibrado, ex-
pansao de crédito gera apenas modestos resultados sobre o crescimento acima
do potencial do consumo, investimento e PIB. No segundo artigo, documenta-
mos que a associacao entre o crescimento do consumo médio per capita e a ex-
pansao do crédito é mais forte em paises com maior desigualdade de renda. Nés
usamos um modelo de mercados incompletos com familias heterogéneas, risco
idiossincratico e restrigoes ao crédito para verificar em que medida este arca-
bougo tedrico pode racionalizar a evidencia empirica. Mostramos que, quando
a fonte de desigualdade de renda vem do menor nivel de capital humano fixo
das familias, o nosso modelo pode racionalizar a evidéncia empirica encon-
trada. Uma vez que as outras fontes de desigualdade de renda consideradas,
o resultado oposto corre. Finalmente, no terceiro artigo, nés usamos um mo-
delo de vetor auto-regressivo com fator aumentado (FAVAR) para estimar o
impacto de um choque na taxa de juros internacional e de choque de precos de
commodities na economia peruana. Nossos resultados sugerem que um choque
positivo de taxa de juros internacional tem efeitos contracionistas, reduzindo
o PIB, a taxa de inflacao e gerando uma depreciacao cambial, aumentando a
taxa de juros interna e uma reducao das reservas internacionais. No caso de
choque de precos de commodities, encontramos que os nossos resultados sao
consistentes com a literatura, em que um choque positivo expande o PIB, as

exportagoes liquidas e taxa de inflagao.

Palavras—chave
Expansao de Crédito; Fricgoes financeiras; Crédito Consignado; Desigual-
dade de Renda; Familias heterogéneas; Mercados incompletos; Politica mo-

netaria; Precos das commodities; FAVAR.
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1
Macroeconomic Effects of Credit Deepening in Brazil

1.1
Introduction

In the last ten years, many developing countries experienced a process
often referred to as “credit deepening”, during which measures of credit usage
in the economy increase markedly.? In Brazil, this was not different. Figure
1.1 plots the ratio of nonearmarked credit outstanding to GDP by borrower
type. It shows that, during the 2000s, Brazil has experienced a large expansion
of credit to households and to corporations. For this reason, credit deepening
is often cited as a source that contributed to economy growth in Brazil. For
example, governor Tombini (June 2012) said:

“The domestic demand continues to be the support of the economy,
household consumption has been stimulated by moderate credit expansion and
by the generation of jobs and income.”

Moreover, deputy governor Aratjo (August 2012) said:*

“There s space for credit expansion. In addition to be possible, the
continuity of credit market expansion is desirable, given its importance for
Brazil to experience in the coming years a sustainable and lasting growth
cycle.”.

However, these arguments are not accompanied by any empirical evid-
ence or theoretical formalization. In this paper we use a relatively standard
new Keynesian dynamic general equilibrium model, augmented with financial
frictions, to address this question.

In the model, a stylized banking sector intermediates credit from patient
households to impatient households and firms. While we borrow from several

contributions available in the literature, one feature of our model is, to

!This is a joint work with Laura Souza.

2For example, domestic credit to the private sector to GDP ratio, in India, went from
32% in 2002 to 51% in 2011. In Latin America, we can mention Colombia. In 2011, its ratio
of domestic credit to the private sector to GDP was 45%, but, in 2002, it was only 25%.

3Source:http://veja.abril.com.br /noticia/economia/pib-indica-continuidade-da-
recuperacao-diz-tombini

4Source:http://gl.globo.com/economia/noticia/2012/08 /ainda-ha-espaco-para-
expansao-do-credito-no-brasil-diz-diretor-do-bc.html
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Figure 1.1: Nonearmarked credit outstanding to GDP ratio in Brazil, by
borrower type. Nonearmarked credit is the nominal outstanding balance of
credit operations by the National Financial System. Nonearmarked funds refer
to financing and loans in which rates and destination are freely negotiated
between financial institutions and borrowers, i.e. the financial institution
has autonomy to decide in which economic sectors it will apply the funds
raised in the market through time deposits, by Bank Certificates of Deposit
(CDB), funds raised in foreign markets, part of demand deposits, among other
instruments. Source: Central Bank of Brazil, available at www.bcb.gov.br.

our knowledge, novel. Specifically, we model the credit constraint faced by
(impatient) households as a function of future labor income.” We do so
motivated by the Brazilian experience, which featured a sizeable increase in
household credit that was not associated with purchases of real estate or other
collaterilizable assets (e.g., durable goods). In Brazil, an important factor
behind the credit expansion was the emergence of the so-called consignado
credit (“payroll lending”), whereby creditors are paid straight out of debtors’
paychecks. Such lending is thus not collateralized by an asset, but by some
valuation of future labor income.

Although our modeling of consignado credit is very stylized, we believe

®Mendoza (2002) develops a model in which a fraction of consumption has to be financed
with current income. While his assumption leads to a debt limit that depends on current
labor income, this is fundamentally different from a limit based on future labor income,
which arises because creditors are repaid out of debtors’ future paychecks. The paper that
comes closest to ours in terms of motivation for the credit limit based on future labor income
is Carvalho et al. (2013). They propose a model of risky lending to households, in which,
upon default, creditors can seize a fraction of the debtor’s labor income. In contrast, we rely
on the fact that payroll lending in Brazil involves one of the lowest risks of non-performance
to abstract from default in these operations. Our papers were developed in parallel, and
independently from one another.


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

Three Essays in Macroeconomics 14

this is an important feature of the Brazilian credit deepening process that we
should try to capture in our analysis, because it might be a useful reduced-
form way to account for credit frictions in other economies in which non-
collateralized credit was an important part of the credit expansion process.®

Another important institutional change that spurred the credit deepening
process in Brazil was a change in lending practices backed by a new law that
allowed autos to be kept as property of creditors until the associated loans
had been fully repaid. Before this law, a car could be used as collateral for
the loan obtained to finance its purchase, but upon default judges often ruled
against creditors seizing the collateral. As a result, that market was relatively
underdeveloped and credit was expensive. Besides household credit, lending to
firms also increased significantly in the last decade in Brazil (Figure 1.1).

We calibrate the model to replicate the credit deepening process wit-
nessed in Brazil since 2004. In particular, we require our model to match
the credit expansion for both firms and households — including both non-
collateralized and collateralized credit in the latter case (Figure 1.2).” While
our model has features that allow for an endogenous response of credit to eco-

“valuation effects” in the credit constraints that

nomic developments (such as
we impose on borrowers), we essentially match the path of the various credit
measures over GDP by calibrating three time-varying parameters that dictate
the tightness of the credit constraints in the model. This is consistent with the
idea that a large fraction of the credit expansion was due to reforms and “in-
novations” (such as the spreading of consignado credit) that fueled the credit
deepening process.

According to our calibrated model, the aggregate effects of the credit
deepening process witnessed in Brazil are relatively small in absolute terms.
Credit deepening increased GDP by only 1.8% between 2004 and 2012 (that is,
an annual growth rate of 0.2 percent). During the same period, consumption
and investment increased by 1 and 3 percent, respectively. These results come
about despite the fact that our calibration favors the hypothesis that such a
credit deepening process can boost economic growth temporarily.

However, because our model does not feature trend growth, in order to
assess the importance of credit deepening for the Brazilian growth experience
between 2004 and 2012 we need to compare the results generated by the

model with above-trend growth during that period. If one assumes trend

6 Anecdotal evidence suggests that payroll lending has also
been growing rapidly in other countries, such as in Mexico:
http://online.wsj.com/news/articles/SB10001424127887323689604578222130866020660.

" Consignado credit accounts for roughly 60 percent of the increase in non-collateralized
credit.
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Figure 1.2: Ratio of households nonearmarked credit outstanding to GDP
in Brazil, by type. Collateralized credit consists of vehicles financing, other
goods financing and mortgages. Non-collateralized credit consists of credit
card, personal credit, overdraft and other nonearmarked credit instruments
that were not classified in previous types of credit. Source: Brazilian Central
Bank, available at www.bcb.gov.br.

growth of 2.5 percent per year, the effects of credit deepening quantified by
the model account for 13.4, 4.8, and 9.7 percent of above-trend growth in
GDP, consumption, and investment, respectively. These results reflect the fact
that the Brazilian economic performance during the 2000s was relatively weak
compared with other developing countries. Hence, the modest (in absolute
terms) macroeconomic effects of the credit deepening process might have
played a relatively important role in the Brazilian context.

Finally, we use our calibrated model to study whether credit deepening
changes the way in which monetary policy or technology shocks affect the
economy. We find that the impulse response functions to both technology
and monetary policy shocks are almost identical in economies with low and
high credit-to-GDP ratio. That is, the financial frictions we introduce in
the standard new Keynesian DSGE model do not change the propagation
mechanisms of these key shocks in any meaningful way. Hence, business cycle
moments would barely change across low- and high-credit economies.

This paper is organized as follows. Section 1.2 presents a brief review
of the literature. Section 1.3 outlines the theoretical framework. Section 1.4
describes the quantitative analysis, encompassing the calibration procedure,

results and sensitivity analysis. Finally, Section 1.5 concludes.
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1.2
Brief review of the literature

This paper fits a fast growing literature that integrates financial frictions
into the new-Keynesian workhorse model. Bernake and Gertler (1989) and
Bernanke et al. (1999) are the leading early references in that literature. See
Gertler and Kiyotaki (2010) for a recent survey.

We consider three types of financial frictions. First, we follow Kiyotaki
and Moore (1997), who tied the amount an agent can borrow to the value
of his collateral asset in a general equilibrium model, and Iacoviello (2005),
who introduces this financial friction into a new-Keynesian framework. We
also follow these authors by introducing entrepreneurs who can use capital as
collateral to borrow. These entrepreneurs can borrow to smooth consumption
and remunerate factors of production. By relaxing this financial friction over
time, we can emulate the credit expansion we observe for firms.

Second, as in lacoviello and Neri (2010) and Gerali et al. (2010), we
also distinguish patient from impatient households. We tie the capacity to
borrow of an impatient household to some collateral as well. This financial
friction allows us emulate the consumer credit expansion we observe in practice.
However, instead of using only durable goods (such as housing) as collateral, we
also consider future labor income, which is arguably in line with the Brazilian
experience, where housing-related credit is a small fraction of household credit.

Finally, intermediaries are in line with Curdia and Woodford (2010). In
particular, we assume that it is costly for banks to raise funds, which generates
an endogenous spread between borrowing and lending rates. This friction is
added for the sake of realism.

We study the credit deepening process in Brazil by changing the ability
of firms and households to borrow, as in Justiniano et al. (2014), who study
the macroeconomic consequences of leveraging and deleveraging in the United
States. Notice that we combine different ingredients from the literature in a
unique way to study the macroeconomic consequences of credit deepening, and
its interaction with monetary policy.

Recent papers use new-Keynesian DSGE models with financial frictions
to address questions related to Brazil — e.g., De Castro et al. (2011), Da Silva
et al. (2012) and Kanczuk (2013). But we are not aware of other studies of
the credit deepening process in Brazil or other Latin American countries using
such a model. To the best of our knowledge, our modeling of consignado credit
in a DSGE model is also novel — having been developed in parallel with, and
independently of, Carvalho et al. (2013) (see footnote 5).
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1.3
The analytical framework

Time is discrete. We consider a closed economy populated by three
types of infinitely-lived agents: entrepreneurs (e), patient households (p) and
impatient households (i), with masses u¢, pP and ', respectively. Both
entrepreneurs and impatient households have lower discount factors than
patient households (i.e., 3¢ 3° < [P). Consequently, in equilibrium, both
entrepreneurs and impatient households have incentives to borrow from patient
households. We assume that agents face credit constraints that tie borrowing
to some collateral. The tightness of these borrowing constraints governs the
amount of credit in the economy. In order to study the interactions between
credit and monetary policy, which follows a simple Taylor-rule, we assume price
stickiness in retailers that operate under monopolistic competition. Finally,
to focus on the effects of a prolonged credit deepening process during the
transition to a high-credit economy, we abstract from aggregate uncertainty
(and thus omit expectations operators to lighten notation). In Section 1.4.4
we turn to a stochastic version of the model to study the way in which the
level of credit in the economy might affect the amplification and propagation

of monetary and productivity shocks.

1.3.1
Households

Representative patient and impatient households derive utility from
leisure, a nondurable consumption good C’g , and a durable consumption good
Sf , where j € {i, p} indexes the type of the household. We assume preferences
for each household are given by:

SN : 1 ( Lg)lw
() S 1og ([e(C + (1 - €)(S)7)7) = o —
t=0 1+¢

. (1-1)
where L], j € {i,p} denotes labor supply. Nondurable and durable consump-

tion are combined with a CES aggregator.

Patient households

Given that P > max{3’, 3°}, patient households are more prone to save.
We focus on transitions between a low-credit and a high-credit steady state
along which patient households are always lenders. Thus, we do not need to
explicitly account for a borrowing constraint in their problems. In particular,
given the real wage rate (W}), the relative price of the durable good in terms

of the final good (¢”), and the interest rate accrued on deposits (1), they

} , where 37 € (0,1) and ¢ > 0,
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choose a stream of nondurable consumption (C?), durable consumption (S7),
labor services (L}), and bank deposits (D?) in order to maximize (1-1) subject

to the budget constraint

(1+ 7"?71)

CP+q)SP+ DY < WPLY + ¢ (1 — 65)SP | + .
t

D ffl + Tt?
where m, = P,/ P,_; is the gross inflation rate, and dg is the rate of depreciation
of the durable good. We assume that patient agents own all banks and firms

in the economy and, thus, receive their profits, which are aggregated in T;.

Impatient households

In contrast with patient households, the impatient ones are borrowers.
Hence, we need to account for a borrowing constraint in their problems.
In particular, given W{ ¢ and rl, they choose a stream of nondurable
consumption CY, durable consumption S}, labor services L! and debt B} in

order to maximize (1-1) subject to the budget constraint

i p oL iTi i i
Ct—i_ngst—i_ﬂ_—ttlBtflSWtLt+q1€S(1_6S) -1+ By,

and the following borrowing constraint:
(1 + T’?)BZ < TtWLWt+1Wti+1Li+1 + Ttsqf+17rt+1(1 - 53)52

This borrowing constraint states that impatient households can borrow up to a
fraction 7V of the value of next period’s labor income plus a fraction 7,7 of the
value of next period’s stock of durable goods. We assume that the deposit rate
and the rates that apply to household credit are the same. This simplification
is motivated by the fact that consignado and consumer collateralized credits
carry a relatively low interest rate in Brazil. We thus set this spread to zero
and allow for a positive spread only when credit is extended to entrepreneurs.

Similar constraints, which tie debt to the value of some collateral, have
been adopted in the literature (e.g. Kiyotaki and Moore, 1997; Tacoviello, 2005;
Gerali et al., 2010). However, to our knowledge, our modeling of a credit
constraint that depends on future labor income is novel.®

By calibrating 7}V to replicate the expansion of non-collateralized credit
(which includes consignado), we can study the macroeconomic effects of
such expansion. Similarly, we will calibrate 7° to study the expansion of

collateralized credit.

8See, however, footnote 5.
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1.3.2
Entrepreneurs

Entrepreneurs have preferences given by

oo

> (%) log(Cy), where 5 € (0,1), (1-2)

t=0
where, again, 3¢ < BP. Moreover, they have access to a production technology,
in which labor inputs (LY, L!) and capital K; are employed to produce a

wholesale good Y,°, according to
Ve = A (WP L)) (W' Ly) 0 e, (1-3)

where A; is the level of technology,? common to all entrepreneurs, and « € (0, 1)
is the capital share. Notice that, as in Iacoviello and Neri (2010), we assume
complementarity across labor types, which is governed by the parameter
6 € (0,1).

In the economies that we analyze, entrepreneurs act as borrowers. Hence,
we need to account for a borrowing constraint in their problems. Unlike
households, entrepreneurs use capital as collateral.

Given prices, entrepreneurs choose a stream of nondurable consumption
C¢, capital Ky, debt Bf, and labor inputs (L}, L!) to maximize (1-2) subject
to (1-3), the budget contraint

(147 1)Bf

Cy + WL + WL + =+ K, < ¢V, + B+ (1 - 0g) K1,

Uv’

and the borrowing constraint
(L+ry)By < Tg(qgrﬂtﬂ(l — 0x) K,

where Jf is the depreciation rate of capital, ¢& is the price of capital in terms
of the final good, and ¢, = P/ /P, is the relative price of the wholesale
good Y. Notice that r{ is the nominal interest rate faced by entrepreneurs.
Later, we explain how the credit spread, w; = (1 + 7§)/(1 + rl) — 1, is
determined endogenously. Finally, by imposing an exogenous path to 7%,
aiming to replicate the expansion of corporate credit in Brazil, we can study

the macroeconomic effects of such expansion.

9In our analysis of the transition effects of credit deepening we abstract from technology
shocks. We then analyze their aggregate effects around low- and high-credit steady states.
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1.3.3
Firms

There are four types of firms: competitive capital producers, competitive
producers of durable goods, retailers who operate in a monopolistic competitive
market, and competitive final goods producers. All firms are owned by patient
households.

Capital producers

At the beginning of each period, capital producers buy an amount of
the final good IF from final goods producers and the stock of depreciated
capital (1 — dx)K;_1 at price ¢ from entrepreneurs. The stock of depreciated
capital is transformed one-to-one into new capital, while the transformation of
final goods into new capital is subject to a quadratic adjustment cost. The new
capital K is sold to entrepreneurs at relative price ¢ to be used in production
in the subsequent period.

Hence, new capital is chosen to maximize
DA (K — (1= k) Ki) — 1],
t=0

subject to the law of motion

Kt - (]. - 6K)Kt—1 +

K IX 2
1 (1) | 1K,
2 \ I,
where the parameter kg determines how costly it is to adjust capital, and A,

is the stochastic discount factor of patient households.

Producers of durable goods

At the beginning of each period, producers of durable goods buy an
amount of the final good I from final goods firms and the stock of depreciated
durable goods (1—§5)S;_1 at relative price ¢ from both patient and impatient
households. The stock of depreciated durable goods is transformed one-to-
one into new durable goods, while the transformation of final goods into new
durable goods is subject to a quadratic adjustment cost. New durable goods
S; are sold at relative price ¢ to both patient and impatient households.

Hence, durable goods producers choose the level of production to max-
imize

> A (St — (1= 05)Si1) — I/,
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subject to the law of motion

Si = (1 —=1095)Si-1 +

| s (17 | s
2 \I7, b
where the parameter kg determines how costly it is to adjust durable goods.

Any profits originated in this sector are transferred to patient households.

Retail firms and final goods producers

We assume monopolistic competition among retail firms. Each retail
firm m buys the wholesale good Y,¢ from entrepreneurs at the price P/V and
differentiates it at no cost. They set prices P;(m) in order to maximize profits
subject to the demand originating from final goods producers and also subject
to quadratic price adjustment costs that arise whenever a firm changes its
price by more than a weighted average of past and steady-state inflation (with
relative weights equal to ¢ and (1 — ¢), respectively).

Let Y;(m) denote production of variety m. We assume that final good pro-
ducers are competitive, and they simply aggregate, through a CES composite,

the continuum of differentiated varieties produced by retailers. In particular,

1 =
nzL/nmﬂwﬂ 7
0

where ¢ is the elasticity of substitution between varieties. Let P, be the

associated Dixit-Stiglitz price index.

This final good is purchased by patient households, impatient households
and entrepreneurs for consumption, and by capital and durable goods produ-
cers for production.

Finally, it remains to formalize retail firm m’s problem. P;(m) is chosen
to maximize

)

2

2 A | Pm)¥ilm) — FYi(om) - 5 (%

subject to the following demand schedule obtained from the cost-minimization

problem of fina goods producers:

mmw:(ﬂvm>sn.

The parameter kp controls the price adjustment cost and dictates the degree

of price stickiness in the economy and 7 denotes steady-state inflation. Any
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profits originated in this sector are transferred to patient households.

1.3.4
Banks

Banks behave competitively, taking both r* and r¢ as given. Recall that
r" is the interest rate on both the debt of impatient households and the
savings of patient ones. At the beginning of each period, banks collect deposits
from patient households D,, which are lent to both impatient households and
entrepreneurs. Originating loans to entrepreneurs entails an extra cost which
is borne out in terms of the final good. As in Curdia and Woodford (2010), we
assume such cost is given by n(Byf)?, with n > 0 and « > 1. Intuitively, this is
a shortcut to capture both agency and operational costs that are not modeled
explicitly. As explained earlier, we assume that such costs are not present when
banks lend to impatient households.

The excess funds of the banks are given by
Dy — B — Bl — (B, (1-4)

which are transferred to patient households. Let the credit spread w; be defined
implicitly by (14+7¢) = (1+w;)(1+7"). Given that assets must equal liabilities
at the end of the period, the following equation must hold

Dy = (1+w)B{ + B;. (1-5)

By plugging (1-5) into (1-4), we obtain
thte - n(Bte)’ya

which is maximized at Bf = (n7y/w;)"/~7). Since v > 1, the model induces a
positive correlation between the credit spread w; and the amount borrowed by

entrepreneurs By.
1.3.5
Monetary policy

Monetary policy is conducted through a Taylor-rule with interest rate

smoothing. In particular,
bn(1—p) ¢y (1-p) ,
(L) = ), (2) <i> e,
n Yi—1

where ¢, and ¢, are the weights assigned to inflation and output stabilization,

respectively, m and r are the steady-state levels of inflation and the policy rate,
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respectively, and u} is a monetary policy shock.®

1.3.6
Market clearing

The definition of the equilibrium is standard. We assume that capital,
wholesale good, durable good, and both types of labor markets are competitive.
In particular, notice that the market clearing condition for the wholesale good

reads: .
| Vitmydm = ey
0

In contrast, we assume monopolistic competition at the retail level, where
the nondurable good is composed. Finally, given that Cy = p?C? + ' C! + u°Cy,

the market clearing condition in the nondurable good market is

Y, = Cy 4+ I7 + I +n(Bf)Y + all adjustment costs.

1.4
Quantitative analysis

After calibrating the model outlined above, we use it to perform two
exercises. First, in order to assess the macroeconomic effects of the credit
expansion observed in Brazil, we solve for the time-varying paths of VL, 75,
and 7/ that generate paths for non-collateralized credit, collateralized credit
to households, and credit to non-financial corporations that resemble their
counterparts in the data (see Figures 1.1 and 1.2).

Second, in a stochastic version of the model, we evaluate the propagation
mechanism of both technology and monetary policy shocks (which we add to
the model for this exercise only). In particular, we compare impulse response

functions to these shocks in economies with low and high levels of credit.

1.4.1
Calibration

We consider several sources of information to calibrate the parameters
of the model, in which the time period is set to one quarter. Whenever we set
a parameter to match a given statistic for the Brazilian economy, we consider
its average between 2004 and 2012.

Steady state inflation is set to 5.5% per year. Regarding the discount
factors, we set P = 0.9834 to generate an annual nominal interest rate that

10Tn our analysis of the transition effects of credit deepening we abstract from monetary

policy shocks. We then analyze their aggregate effects around low- and high-credit steady
states.
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accrues on SELIC rate of 12.5 percent in steady-state. We set 8¢ = 3¢ = 0.91,
which is associated with an annual “subjetive time-discount rate” of 52 percent.
We pick this extreme value for two reasons. First, as we show below, low
values for P and (¢ favor the hypothesis that the credit deepening process
boosts economic growth during the credit deepening process. Second, with
high values for 5P and 3¢, the borrowing constraints for impatient households
and entrepreneurs may not be binding at times during the transition.!!

The Frisch elasticity 1/¢ is set to one, which is within the range
commonly used in the literature. We follow Fernandez-Villaverde and Krueger
(2004) to calibrate the parameters associated with preferences for durable and
nondurable goods. In the absence of definitive estimates for o, we set it to
zero, so that the composite becomes a Cobb-Douglas, (CY)¢(S7)'¢, j = i, p,
with & set to 0.8.

The depreciation rate of capital dx is set to 0.025 such that the invest-
ment to GDP ratio is approximately 18 percent. The adjustment cost para-
meter kg is 2.53, which is in line with the value estimated in De Castro et
al. (2011). In the absence of similar information regarding the production of
durable goods, we set dg = dx and kg = K.

Regarding the Cobb-Douglas technology used by entrepreneurs, since
information on patient and impatient labor income shares in Brazil is not
available, we set § = 0.7 to generate a ratio of average household debt to
annual income of 22 percent. The capital share « is set to 0.44, in line with
the evidence for Brazil reported in Paes and Bugarin (2006).

In line with previous literature, the elasticity of substitution € between
goods is set to 6, which corresponds to a markup of 20 percent. The parameter
kp, which measures the degree of price stickiness in the retail sector, is
calibrated to 50. As usual, this parameter can be mapped into a degree of price
stickiness of 0.75 in the Calvo (1983) model, once the quadratic adjustment
cost model and the Calvo model are cast as log-linear approximations around a
zero inflation steady state. Finally, ¢, which governs indexation, is set to 0.158,
as in Gerali et al. (2010).

We follow De Castro et al. (2011) to calibrate the parameters associated
with the Taylor Rule. In particular, ¢, = 0.16, ¢, = 2.43 and p = 0.79.

Regarding the banking sector, we set n = 0.0309 and v = 2 to generate
a spread of 4.08 percent per year. The spread is calculated using the Brazilian
prime rate, which averages interest rates on loans made to firms that are

considered preferential borrowers. Loans to these firms embed lower default

" For a recent article that deals with credit constraints that bind occasionally, see Guerrieri
and Iacoviello (2013).
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risk than loans to other firms. Hence, the targeted value of 4.08 underestimates
the average spread in the Brazilian economy. As we show below, this calibration
of  and ~ also favors the hypothesis that the credit deepening process boosts
economic growth during the credit deepening process.

We postpone the discussion of how we calibrate the sequence
{7VE 75 7K} to the next section. Finally, we set masses p?, p' and pu°

equal to one. Table 1.1 summarizes the calibration procedure.

Table 1.1: Calibration. See Section 1.4.1 for details.

Parameter ‘ Description ‘ Value
Jols Discount Factor - Patients 0.9834
B¢, 3¢ Discount Factor - Impatients and Entrepreneurs 0.91
TS Mass - Patients, Impatients and Entrepreneurs 1
%) Inverse of the Frisch Elasticity 1
o Elasticity Between Nondurable and Durable Goods 0
& Weight of the Nondurable Good on the Utility Function 0.8
0k, 0g Depreciation - Capital and Durable Goods 0.025
KK, RS Adjustment Cost - Capital and Durable Goods 2.53
« Capital Share in the Production Function 0.44
0 Share of Patient Households in the Production Function 0.7
Kp Price Adjustment Cost - Final Good 50
Steady State Inflation Weight - Indexation 0.158
€ Elasticity of Substitution - Final Good 6
p Smoothing Parameter of the Taylor Rule 0.79
Oy Output Weight of Taylor Rule 0.16
O Inflation Weight of Taylor Rule 2.43
n Spread 0.0309
¥ Spread 2
1.4.2

Macroeconomic effects of credit deepening

In order to assess the macroeconomic effects of the credit expansion we
observe in Brazil, we solve for the time-varying paths of 7}V, 7%, and 7X that
generate paths for non-collateralized credit, collateralized credit to households,
and credit to non-financial corporations that resemble their counterparts in

L 75 and 75 using a third degree

the data. We smooth the trajectories for 7}V
polynomial. As in Justiano et al. (2014), we assume that the evolution of 7}V%,
7%,and 7/ is perfect foreseen after the initial unforeseen shock in 2004, when
the credit deepening process arguably started. After 2012, we keep TVE, 77,

and 7/ constant.!?

12To implement this exercise, we apply the shooting algorithm in Dynare to solve the
system of equations given by the first-order conditions of the agents’ optimization problems
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Figure 1.3 shows the evolution of VL, 7%, and 7%, whereas Figure 1.4
compares the credit deepening experiment in the model with the data. Notice
that the model is able to replicate the evolution of the credit series fairly well,
except for the last years of the data on credit to non-financial corporations

(“entrepreneurs” ).

.[K _[WL _[S

0.06 0.75 0.18
0.7

0.055 0.16
0.65

0.6 B

0.05 0.14
0.55

0.045 0.5 0.12
0.45

0.04 01
0.4
0.35

0.035 0.08
0.3

0.03 0.25 0.06
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Figure 1.3: Credit deepening experiment: evolution of 7;*, 7, % and 7;°.
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Figure 1.4: Credit deepening experiment: credit variables (model and data).
See notes in Figure 1.1 and 1.2 on how these credit variables are constructed.

and the market clearing conditions. The first-order and market clearing conditions are
described in a separate document available upon request.

13To be precise, in that case the fitted third degree polynomial would decrease towards
the end of the sample period, so we tweak it to be strictly monotone. In the next section, as
a robustness check, we report results for paths of 7%, 7% and 7/ chosen to fit pointwise

the trajectories of the credit variables.
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Figure 1.5 reports the trajectories of GDP, consumption, investment, and
inflation in the model economy. The macroeconomic effects of credit deepening
are small. GDP increases by nearly 2 percent, consumption by 1 percent, and

investment by 3 percent.

GDP Consumption
102 101

101.5 100.8

101 100.6

100.5 100.4
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99.5 100
2004 2005 2006 2007 2008 2009 2010 2011 2012 2004 2005 2006 2007 2008 2009 2010 2011 2012
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103.5 5.7

103 5.65
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Figure 1.5: Credit deepening experiment: macro variables (model).

Consumption in the model aggregates nondurable consumption across
types of agents, whereas investment aggregates investment in both durable
goods by households and capital by entrepreneurs. Figure 1.6 reports the
evolution of these variables, as well as the evolution of the stock of durable
goods and capital by types of agents.

Once the credit deepening process started, both credit constraints faced
by the impatient households and entrepreneurs ease, which make them con-
sume and invest more. In order to clear markets, the price of the nondurable
good must increase (as the spike in the inflation rate in Figure 5 illustrates)
and, thus, patient households reduce their consumption of nondurable goods
and investment in durable goods.

As the credit deepening process evolves, consumption and investment of
patient households increase. After the initial spike of 40 percent, investment
of impatient households declines, whereas consumption displays an inverse U-
shape pattern. Notice that the impatient households’ stock of durable goods
increases monotonically, while that of patient households follows a U-shape

pattern. Intuitively, durable goods have a dual role in the model. First,
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Consumption of Nondurable Goods - Patient Households Consumption of Nondurable Goods - Impatient Households Consumption of Nondurable Goods - Entrepreneurs
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Figure 1.6: Credit deepening experiment: consumption, investment and stocks.

they generate utility for both types of households. Second, they relax credit
constraints of impatient households. Hence, impatient households have more
incentives to accumulate durable goods than patient households. In the first
years of the credit deepening process, market clearing prices imply that patient
households exchange durable for nondurable goods, whereas in the later years,
impatient households do the opposite.

Similarly, as the credit deepening process evolves, investment in capital
follows an inverse U-shape path, allowing entrepreneurs to increase their stock
of capital by 3 percent. Overall, the effects on entrepreneurs’ consumption of
nondurable goods are very small.

In terms of magnitude, the strongest effects are on investment in durable
goods by impatient households and investment in capital, which increase by 9
and 4.5 percent, respectively. In contrast, consumption by each type of agent
increased by at most one percent.

In absolute terms, the effects of the credit deepening process are modest.
However, the model lacks trend growth. Depending on the actual level of
trend growth in Brazil, the effects of credit deepening as quantified by our
model might explain a sizeable share of above-trend growth in actual GDP,

consumption and investment.


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

Three Essays in Macroeconomics 29

Table 1.2 describes five scenarios for trend growth, ranging from 1.5 to
3.5 percent per year. For each scenario, we divide the percentage increase in
GDP, consumption, and investment produced by the model for the 2004-2012
period by the cumulative above-trend growth in the actual data on each of
those variables. This is the share of the gap between economic growth and its
trend that can be attributed to the credit deepening process, according to the
calibrated model. In our preferred scenario, which considers a growth trend
of 2.5 percent per year, the credit deepening process accounts for 13.4, 4.8,
and 9.7 percent of above-trend growth in GDP, consumption, and investment,
respectively. 14 Under more optimistic assumptions about the growth trend,
the model can account for up to 52.5% of the gap for GDP. In contrast, if
the growth trend is only 1.5 percent, the credit deepening process accounts for

only 7.4 percent above-trend GDP growth.

Table 1.2: Credit deepening experiment: comparison with the data. Growth
rates between 2004 and 2012. Data on GDP, consumption and in-
vestment in capital are obtained from National Accounts, available at
www.ipeadata.gov.br.

GDP Consumption Consumption + I. in Durables | Investment (capital)
Growth (data): 40.7% Growth (data): 48.4% Growth (data): 48.4% Growth (data): 82.6%
Growth (model): 1.7% Growth (model): 0.9% Growth (model): 1.5% Growth (model): 4.5%
Trend growth | Above trend Model Above trend Model Above trend Model Above trend Model
(% p.y.) growth (%) share (%) | growth (%) share (%) | growth (%) share (%) growth (%)  share (%)
1.5% 23.1% 7.4% 29.8% 3.0% 29.8% 5.0% 59.7% 7.5%
2.0% 17.7% 9.6% 24.2% 3. 7% 24.2% 6.2% 52.8% 8.5%
2.5% 12.7% 13.4% 18.8% 4.8% 18.8% 8.0% 46.2% 9.7%
3.0% 7.8% 21.7% 13.7% 6.6% 13.7% 10.9% 39.9% 11.3%
3.5% 3.2% 52.5% 8.9% 10.1% 8.9% 16.9% 34.0% 13.2%

Altogether, these results highlight the relatively poor performance of the
Brazilian economy during the 2000s. The modest (in absolute terms) aggregate
effects of the credit deepening process might have played a relatively important
role in the Brazilian context.

Figure 1.7 shows the evolution of labor market outcomes. As in Justiano
et al. (2014), once credit deepening started, labor services of patient and
impatient households move in opposite directions. However, as the process
evolves, labor services supplied by impatient households increase by 2 percent,
whereas those supplied by patient households barely increase. Moreover,
notice that for impatient households, wage and labor services are negatively
associated, whereas for patient households they are positively associated.
Hence, for patient households, demand for labor services seems to be driving

force behind these movements. In contrast, as the credit deepening process

14Tn the National Accounts, the measure of consumption includes the service flow of some
durable goods, such as housing. Hence, in the model we also consider an alternative measure
of consumption that includes investment in durable goods. In this case, the credit deepening
process accounts for 8 percent of above-trend growth.
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Figure 1.7: Credit deepening experiment: labor market outcomes.

evolves, impatient households have an extra motive to supply labor in order

to further relax their credit constraints.
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Figure 1.8: Credit deepening experiment: financial market outcomes. The
spread is calculated using the SELIC rate, which is the overnight rate in
the interbank market targeted by monetary policy, and the Brazilian prime
rate, which averages interest rates on loans made to firms that are considered
preferential borrowers. For more details on the computation of the Brazilian
prime rate, see www.bcb.gov.br/pec/depep/spread/REBC_2011.pdf. Source:
Brazilian Central Bank, available at www.bcb.gov.br.

Figure 1.8 shows the evolution of interest rates as well as the spread. After

an initial increase of 0.2 percentage point, the interest rate accrued on deposits
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fluctuates a bit around 12.3-12.5 percent. As the credit deepening process
evolves, the interest rate faced by entrepreneurs and, thus, the spread increases
substantially. Intuitively, as entrepreneurs get into debt, the intermediation
costs to generate these funds increase, yielding higher interest rates and
spreads. Notice that the model can replicate fairly well the trend of the spread
observed in the data. Finally, Figure 1.9 reports the evolution of average
household debt to annual income. Again, the model can replicate fairly well
the trend observed in the data.

Household Debt to 12—-month income (%)
30 T T T

281

26

24 ¢

22t

20

18

16

14_' d o .. . . R . = == == Data |/
Model

12 ; ; ; ; ; : :
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Figure 1.9: Credit deepening experiment: ratio of household debt to annual
income. Household debt considers only non-earmarked funds held by financial
institutions. Annual income is disposable income accumulated over the past
twelve months. Source: Central Bank of Brazil, available at www.bcb.gov.br.

Hence, our modeling of the financial sector accounts for the dynamics
of these two keys financial variables, which reinforces our conclusion that the
credit deepening process itself cannot explain the bulk of economic growth in
Brazil during the 2000s.

1.4.3
Sensitivity analysis

In our calibration procedure, we set 3¢, 3%, v and 1 to favor the hypothesis
that the credit deepening process boosts economic growth. In this section, we
show that, even more extreme calibrations of these parameters fail to generate
sizeable effects on consumption, investment and product growth. Also, we show
that by considering a transition that matches the paths of credit variables

pointwise, our conclusions do not change.
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Finally, results barely change once we vary the impatient labor share, 6,
from 0.5 to 0.8; and the capital share, «, from 0.4 to 0.5 (not reported but

available upon request).

Borrower impatience We vary the discount factors of the borrowers, 3¢ = 3,
and analyze its effect on the paths for consumption, investment, product and
inflation. Results are reported in Figure 1.10. Notice that the lower 3¢ and
are, the higher is the impact of the credit deepening process. Under the extreme
assumption of 8¢ = B¢ = 0.85, which is associated with an annual “personal
interest rate” of 100 percent, GDP, consumption and investment grow nearly
4, 2 and 6 percent, respectively, between 2004 and 2012. These figures are
substantially higher than their counterparts in the benchmark calibration, but

still relatively small once considered the long horizon between 2004 and 2012.
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Figure 1.10: Sensitivity analysis: 4¢ and 3.

Spread As we argue above, a spread of 4.08 percent might be too low. Hence,
we vary separately the parameters v and 7, associated with the financial
intermediary technology, in order to inspect how results change with different
levels of spread. Results are reported in Figures 1.11 and 1.12. Notice that
higher and, perhaps, more realistic levels of spread are associated with even
smaller macroeconomic effects of the credit deepening process. Similarly, lower

levels of spread amplify its macroeconomic effects. Intuitively, spreads are
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positively associated with intermediation costs and, which drain resources from

the economy.
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Figure 1.11: Sensitivity analysis: .
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Figure 1.12: Sensitivity analysis: 7.
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Non-smooth transition Finally, we consider a transition between steady-
states, in which the paths of V£, 77, and 7% are chosen to fit the trajectories
of the credit variables pointwise (see Figure 1.13). Figure 1.14 shows the
transition paths for the macroeconomic variables, which are more volatile
in this case. Importantly, this non-smooth transition does not change our
conclusion that, through the lens of the model, the macroeconomic effects

of the credit deepening process we observe in Brazil are modest.

Non-collateralized Credit to Impatient Households over GDP(%) Collateralized Credit to Impatient Households over GDP (%)
11 6

3
2004 2005 2006 2007 2008 2009 2010 2011 2012 2004 2005 2006 2007 2008 2009 2010 2011 2012

Credit to Entrepreneurs over GDP (%) Total Credit over GDP (%)

8 10
2004 2005 2006 2007 2008 2009 2010 2011 2012 2004 2005 2006 2007 2008 2009 2010 2011 2012

Figure 1.13: Credit deepening experiment (non-smooth): credit variables (data
and model).
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Figure 1.14: Credit deepening experiment (non-smooth): macro variables
(model).

1.4.4
Impulse response functions before and after the credit deepening

In this section, we evaluate the propagation mechanisms of two shocks in
a stochastic version of the model. In particular, we compare impulse response
functions to technology and monetary policy shocks (which we add to the
model for this exercise only) around two steady-states, with low and high
levels of credit.

In the first steady-state, we calibrate 7W* = 0.28 to match the ratio
of individual non-collateralized credit to GDP of 4 percent, 79 = 0.07 to
match the ratio of individual collateralized credit to GDP of 2 percent, and
78 = 0.031 to match the ratio of firm credit to GDP of 9 percent. These figures
correspond to the amount of credit we observe in the Brazilian economy at the
beginning of 2004 (see Figure 1.2), when the credit deepening process described
above arguably started. This is the steady-state with low credit-to-GDP ratio.

In the second steady-state, we calibrate 7W* = 0.759 to match the ratio
of individual non-collateralized credit to GDP of 10 percent, 7% = 0.175 to
match the ratio of individual collateralized credit to GDP of 6 percent, and
75 = 0.057 to match the ratio of firm credit to GDP of 16 percent. These
figures are close to the amount of credit we observe in the Brazilian economy by

mid-2012 (see Figure 1.2). Although it is not clear whether the credit deepening
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process we observe in Brazil is over, we set this calibration to represent the
steady-state with high credit-to-GDP ratio.
Finally, we assume that the technology shock follows an AR(1) process
with an autocorrelation coefficient of 0.91, as in De Castro et al. (2001).
Figures 1.15 and 1.16 plot the impulse response functions for selected
variables (GDP, consumption, investment, household interest rate, and infla-

tion) to both the technology and monetary policy shocks, respectively.

Y C |
1 0.7 1.6
1.4
08 0.6
o P 0 1.2
2] 0 0
£ E 05 E 1
o o o
= 06 = =
g S 04 g o8
RS X X
° ° < 0.6
0.4
0.3
| | 0.4 ,
0.2 0.2 0.2
0 10 20 0 10 20 0 10 20
Inflation (% p.y.) M (% p.y.)
0.4 0.05
0.2 0 _
w O b, —0.05
%) %]
E 0.2 E _01
= 2 Low Credit
g -0.4 g -0.15 - @ = High Credit
= -06 S 02
-0.8 -0.25
-1 -0.3
0 10 20 0 10 20

Figure 1.15: Impulse response functions for selected variables to a technology
shock.

Regarding the response to a technology shock, notice that the impulse
response functions in both economies (with low- and high-credit) overlap
almost perfectly (Figure 1.15). This result is in congruence with the previous
literature, which argues that credit constraints do not propagate a technology
shock. See, for instance, Section IV.4 of Liu et al. (2013) and the references
therein. The authors argue that a technology shock does not have meaningful
effects on asset prices, which are the key variables to determine the degree
of slackness (or tightness) of the credit constraints. Similarly, the impulse
response functions to a monetary policy shock in both economies (with low-
and high-credit) overlap almost perfectly (Figure 1.16).

Importantly, this overlapping of the impulse response functions to these
keys shocks suggests that business cycle moments across economies would

barely change.
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Figure 1.16: Impulse response functions for selected variables to a monetary
policy shock.

1.5
Conclusion

In this paper, we calibrate a relatively standard New Keneysian DGE,
augmented with financial frictions, to study the macroeconomic effects of the
credit deepening process experienced recently by Brazil. We conclude that,
even under extreme calibrations chosen to favor the hypothesis that these
expansions boost economic growth, the effects on macroeconomic variables are
modest.

We advance one plausible interpretations for this result. There might be a
missing ingredient in the model that potentializes the role of credit deepening
processes. The almost perfect overlapping of impulse response functions to
technology and monetary policy shocks across two steady-states (with low-
and high-credit) echoes this interpretation.'®

One possible extension, as in Justiniano et al. (2014), is to consider a
small open economy, in which the supply of credit is perfectly elastic at a
given interest rate. In this case, macroeconomic effects can be amplified as an
expansion of the demand for credit by impatient households and entrepreneurs
does not need to be compensated by higher savings of patient households.

15These interpretations are not necessarily mutually exclusive. Garcia (2013), for instance,

argues that sterilized foreign exchange purchases under inflation targeting can expand loans
and deposits.
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Moreover, in a small open economy model, the trajectory of terms of trade can
be inputted exogenously in the model. Hence, a horse race aiming to explain
economic growth between surges in commodity prices and credit deepening

processes is possible. We leave these questions for future research.
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2
Consumption Boom and Credit Deepening: The Role of
Inequality!

2.1
Introduction

Does income inequality play a role in the association between the
variation of credit and consumption growth? It is not clear a priori how the
relationship between income inequality, credit and consumption growth works.
In this paper, we address this question through two approaches. First, we
document, through cross-country and panel estimations, that the association
between consumption growth and credit expansion is stronger in countries with
higher income inequality. Second, we use a Aiyagari model to check in which
extent this theoretical framework can rationalize the empirical finding. We
choose this model because it is the workhorse macroeconomic model used to
study quantitatively the interactions between inequality and macroeconomic
outcomes. Our interest is in the role of income inequality on the response of
consumption to a credit deepening.

We consider an incomplete markets model with heterogeneous house-
holds, idiosyncratic risk and borrowing constraints. The mechanism behind
our theoretical model is the following: a loosening of credit constraints mitig-
ates precautionary motives, inducing households to reduce savings along the
transition path to the new steady-state. Hence, consumption grows more rap-
idly in the short-run. This consumption boom is amplified in economies with
more households close to the borrowing constraint.

Since we are interested in the role of income inequality on the response
of consumption to a credit deepening, we consider three sources of income
inequality in our model: the variance of the idiosyncratic risk, fiscal policy and
the households’ fixed level of human capital. They have different implications
for the extent to which households are credit constrained in equilibrium.

Our quantitative experiment consists of analyzing, for each source of in-

come inequality, the consumption response to an exogenous credit deepening

IThis is a joint work with Laura Souza.
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in economies with different levels of income inequality. We consider a bench-
mark economy calibrated to match Brazil and its credit deepening process,
that occurred between 2004 and 2012. We also consider two economies: one
with lower income inequality and the other with higher income inequality than
the benchmark. In each case, we change only one source of income inequality

and we set the others in the same level as in the benchmark economy.

Table 2.1: Results - Summary of main results

Consumption per capita peak growth
Benchmark economy: 2.3%

Source of Inequality Higher Inequality | Lower Inequality
Households’ lowest fixed level of human capital 2.5% 2.3%
Variance of the idiosyncratic risk 2.3% 3%
Fiscal policy 2% 2.5%

Table 2.1 summarizes our main results.? The consumption growth at
the peak in the benchmark economy is 2.3 percent. We show that when the
source of income inequality comes from households’ lowest fixed level of human
capital, our model can rationalize the empirical evidence. In this case, the
economy with higher income inequality grows at the peak 2.8 percent and the
one with lower inequality, 2.3 percent. Once other sources of income inequality
are considered, the opposite occurs.

This paper is organized as follows. Section 2.2 presents the empirical
evidence, including the related literature and data description. In section
2.3, we describe our model and we also include the related literature to this
framework and the description of our experiment. In section 2.4, we present

our calibration strategy and our main results. Finally, section 2.5 concludes.

2.2
Empirical Evidence

2.2.1
Related literature

Our work is related to a vast literature that has been studying the
relation between initial inequality, typically measured by the Gini index,
and subsequent economic growth. Alesina and Rodrik (1994) and Persson
and Tabellini (1994) found a negative association through a cross-country

estimation. Whereas Forbes (2000), estimating a panel with fixed effects, found

2Tn these results, all economies have the same initial debt-to-GDP ratio. For more details,
see subsection 2.4.2.
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a positive relationship between initial inequality and subsequent growth in the
short run and negative in the long run.

Moreover, there is a literature that has focused on the role of poverty on
economic growth. Ravallion (2012) evaluates the relationship between growth
(measured by consumption) and initial poverty, using a new database for a
set of developing countries. His results suggest that there is an adverse effect
of high initial poverty on growth and high initial poverty dulls the impact of
growth on poverty. Ravallion also shows that high initial inequality matters to
growth and poverty reduction if it entails a high incidence of poverty relative
to the mean.

Another strand of the literature that has incorporated credit-market
failures suggests that high inequality reduces economy’s aggregate efficiency
and, therefore, it reduces growth. For example, Banerjee and Newman (1993)
and Aghion and Bolton (1997) found that inequality lead to lower economic
growth due to credit market imperfections. They argued that in the short run
the relationship might be positive, but in the long run, more income inequality
hampered economic growth. Galor and Zeira (1993) show, using a theoretical
model, that in the presence of credit-market failures and indivisibilities in
investment in human capital, the initial distribution of wealth affects aggregate
output and investment both in the short and in the long run, as there are
multiple steady states. Finally, Ravallion (2001, 2007) argues intuitively that
poverty retards growth when there are credit market failures.

There has been considerable interest between economists in the idea that,
for various reasons, inequality could actually reduce growth. Recently, this line
of inquiry was brought into focus by the latest financial crisis, that has led to
a vigorous debate if widening inequality was one of the causes of the crisis. For
example, Pegurini et al. (2013), using a panel estimation, finds a statistically
significant and positive relationship between income concentration and private
sector indebtedness when controlling for conventional credit determinants.
This result calls attention for the importance of the distribution of income
to macroeconomics outcomes.

Unlike the literature mentioned, the purpose of this paper is to analyze
if income inequality plays a role in the association between consumption
growth and credit expansion. For such purpose, we use cross-country and
panel estimations. Our results show that the association between consumption
growth and credit expansion is stronger in countries with higher income

inequality.
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2.2.2
Data

We use anual data. Our dependent variable is average growth of house-
hold consumption per capita, which is available at the World Bank. Household
final consumption expenditure per capita (private consumption per capita) is
calculated using private consumption in constant 2005 prices and World Bank
population estimates.

We use the Gini index to measure income or consumption inequality in
each country, it measures the extent to which the distribution of income or
consumption expenditure among households within an economy deviates from
a perfectly equal distribution.® We choose to use two datasets of Gini indexes.*
The first one is constructed by Ravallion (2012). The autor calculates income
inequality using directly primary data from household surveys for ninety
two developing and transition countries. This method eliminates some of the
inconsistencies and comparability problems found in existing data compilations
from secondary sources. The other dataset is a compilation made by United
Nations University - World Institute for Development Economics Research
(UNU-WIDER) that ranks available Gini indexes by the quality of their
sources and methods.

At last, for credit data, we use use two datasets. The first one is from
the Financial Access Survey (FAS) developed by International Monetary Fund
(IMF). This survey collects annual data on access to and usage of financial
services around the world, from 2004 to 2011. We consider only household
outstanding loans with commercial banks. The other database is from World
Bank which is the domestic credit to private sector, that is bigger than the
IMF database. For this reason, we use the domestic credit to private sector to

construct the panel data.

2.2.3
Results

In this section we provide evidence on the link between the average
consumption per capita growth and the interaction between initial inequality
and the variation of credit. We estimate the following regression:

3A Gini index of 0 represents perfect equality, while an index of 100 implies perfect
inequality.

4Unlike national accounts data which are in principle comparable across countries, there
is no agreed basis of definition for the construction of distribution data. Sources and methods
might vary, especially across but also within countries. This may be the case even if the data
comes from the same source.
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Cgrowthy.r = a+p1 In(cp)+Paginig+Bscredity+BaAr—_ieredit+Psgini Ap_icredit+e,

(2-1)
The dependent variable Cgrowth;.r = W i

is the average consump-
tion per capita growth rate between years ¢ and 7. We follow a extensive
literature of economic growth to choose our controls, especially, Alesina and
Rodrik (1994) and Person and Tabellini (1994): gini, is the income Gini index
for year t;°, In(c;) is the consumption per capita in year ¢ and credit; is the
initial credit to GDP ratio. The main difference from other studies is that we
consider the variation of credit between years ¢ and T' (Ap_,credit) and the
interaction between Ar_;credit and gini;, because we are interested to show
that inequality plays a roll in the relation between consumption growth and
the variation of credit.

Table2.2 shows the results. In the first two columns, we consider the Gini
index constructed by Ravalion (2012) and the credit to households from IMF.
In this case, our sample consists of thirty one developing countries and the
initial and final years are 2004 and 2007, respectively. In column 1, we do not
include the interaction giniAr_;credit, hence the coefficient of the variation
of credit (B4) is positive and significant at 1 percent. On the other hand, in
column 2, we introduce the interaction and its coefficient (/35) is positive and
significant at 5 percent but the coefficient of the variation of credit becomes
negative and insignificant. This result suggests that initial income inequality of
countries in 2004 intensifies the association between the variation of credit and
average consumption per capita growth between 2004 and 2007.% The average
Gini index in this sample is 39.25, thus the correlation estimated between credit
expansion and consumption growth is approximately 0.57, all other variables
remain constant. This is our main evidence because we use the best source of
Gini index and household debt data.

In order to check whether the results are robust, we repeat the same
regressions in columns 1 and 2 using different databases. We also present a
panel specification. In columns 3 and 4, we use the Gini index calculated
by UNU-WIDER and the credit to households from IMF. Then our sample
consists of fifty countries and we considered the same years as before (2004
and 2007). Note that the results persist: the coefficient of the interaction
between Ar_;credit and gini; is positive and significant at 5 percent and the
coefficient of the variation of credit becomes negative and insignificant once
the interaction is considered.

In columns 5 and 6, we also consider the Gini index from UNU-WIDER

5See literature section.

6Note that we are not interested in the size of the estimated coefficients. Our interest lies
only on their signals.
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but we use the domestic credit to the private sector from World Bank, which
is a good proxy for household credit, the correlation coefficient between these
series is greater than 0.7. This occurs because household credit is in the private
sector credit. In this case, we have ninety three countries and the initial and
final years are 2000 and 2007, respectively. Most of the results are maintained,
but the coefficient of the variation of credit is negative and significant at 10
percent once the interaction giniAr_;credit is considered.

Furthermore, we show that the evidence presented above persists once
we use a panel estimation with fixed-effects for years and countries. These
results are in columns 7 and 8. Our sample consists of thirty one countries
and we considered four windows of five years between 1990 and 2009. In this
specification, we also use the Gini index calculated by UNU-WIDER and the
domestic credit to private sector from World Bank. Note that the coefficient
of the interaction between Ar_;credit and gini, is positive and significant at
10 percent, but it is smaller than the cross-section estimations.

In conclusion, we find robust evidences that the association between
average consumption per capita growth and the variation of credit is stronger
in countries with higher income inequality. In the following section, we provide

a theoretical framework and we test if this model can corroborate the empirical

finding.
Table 2.2: Empirical Evidence
Ravallion (2012) UNU-WIDER
(1) 2 3) (4) (5) (6) (7) (8)
VARIABLES 04-07 04-07 04-07 04-07 00-07 00-07 90-09 90-09
ginivarcreditHH 0.0350%* 0.0180%**
(0.0151) (0.00794)
ginivarcreditDO 0.00280*** 0.00157*
(0.00106) (0.000828)
consupinitial -0.812 -0.524  |-1.347FFF  _1.154%*  -0.666** -0.588** -8.849*%*F  -8.976**
(0.532) (0.531) | (0.487)  (0.506)  (0.294)  (0.205)  (3.589)  (3.452)
giniinitial 0.0533 -0.0823 0.0741 0.0203 -0.0137 -0.0420 0.0339 0.0196
(0.0639) (0.0685) | (0.0597) (0.0554)  (0.0244)  (0.0256)  (0.0492)  (0.0448)
credGDPinitial HH -0.0392 -0.0519 | -0.0429 -0.0424
(0.0718) (0.0690) | (0.0328)  (0.0341)
varcreditHH 0.548%** -0.804 | 0.328*** -0.271
(0.0861) 0.619) | (0.111)  (0.213)
credGDPinitialDO -0.0120%  -0.0128* -0.0159**  -0.0119*
(0.00679)  (0.00681)  (0.00749)  (0.00700)
varcreditDO 0.0376***  -0.0621* 0.00955 -0.0516
(0.0130)  (0.0345)  (0.0103)  (0.0310)
Constant 6.937 10.80%* | 11.23%* 11.54%%  9.120%%* 9 796%** 72.59%* 73.83%*
(4.188) (4.606) | (4.661)  (4.379)  (2.720)  (2.824)  (20.90)  (28.70)
Observations 31 31 50 50 93 93 124 124
R-squared 0.493 0.562 0.290 0.319 0.242 0.285 0.294 0.317
F test model 11.80 24.84 7.458 8.625 5.563 4.989 3.276 3.127
Number of countries 31 31

Robust standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1
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2.3
Model

Our model is related to papers that consider incomplete markets with
heterogeneous agents, idiosyncratic risk and borrowing constraint, such as
Aiyagari (1994) and Bewley (1977).

Recently, Guerrieri and Lorenzoni (2010), using a model a la Bewley-
Huggett, evaluate the effects of a credit tightening on consumer spending and
aggregate output. Their results show that overly indebted agents reduce their
spending and increase their labor supply. But the precautionary motive is
strong enough that the reduction in consumer spending dominates. As a result,

there is a decrease in the aggregate output that causes recession.

2.3.1
The baseline model

Our model is based on Aiyagari (1994). Our aim is to study the con-
sumption response to a credit deepening in economies with different levels of

income inequality.

Endowments

There is a continuum with unit mass of households who live infinitely
and faces idiosyncratic income uncertainty. Households differ in their labor
endowments. There are two channels that contribute to determinate the total
efficiency units supplied by the households to the labor market. First, there
is a stochastic component s; that is the efficiency units of labor whose log
follows a finite state Markov chain, which is approximated by a stationary
AR(1) process log(s;) = plog(s;_1) + & with g, ~ N(0,02). Second, there is
a fixed component 6 € {6,0,,0s,0,}, that is the household level of human
capital drawn by nature from a distribution in which each 6 has mass py and
2ok =1,

The total efficiency units that a household is endowed is the product of
these two components, and labor earnings are given by wés;, where w is the

wage per efficiency unit.

Preferences

Preferences are described by:

oo

Ey» U () (2-2)

t=0
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The future is discounted at rate 5 € (0,1). We assume that U(c;) =
In(cy).

Production technology

There is a representative firm that produces consumption goods with a

Cobb-Douglas function:
f(keyne) = ki~ (2-3)

where a € (0,1), k; and n, are aggregate capital and efficient labor units,
respectively.

Each period, capital depreciates at the exogenous rate § and the firm
hires capital and labor from competitive markets.

The problem of the representative firm is given by:

max f(ke, ) — wyng — (¢ + 6)ky
ne,ke
The first order conditions of the firm provide the expressions for the net

real return of capital r;, and the wage rate per efficiency unit wy:

f (kt; nt) —0=ry (2‘4>

o (ks ) = wy (2-5)

Government

We consider that the government taxes linearly labor income through a
tax rate given by 7. We also assume that the government does not have any
expenditure, thus all his funds are rebated as a lump-sum transfer T" to each

household. For each period ¢, the government budget constraint is given by:
Twng = Ty (2-6)

Other market arrangements

There are no insurance markets for the idiosyncratic shock, but house-
holds can self-insure by saving through the risk-free asset. Moreover, there is
an exogenous borrowing limit, b > 0, which is tighter than the natural limit.
Hence, in our model, markets are incomplete in the sense that households can
smooth consumption by borrowing and lending only through one type of asset.

We also consider a small open economy in the financial market and closed
in the labor market. Thus, at each period, the interest rate r is exogenously
determined in the international capital market, but the wage rate w clears the

domestic labor market.
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2.3.2
Stationary equilibrium

Our focus is on the properties of a stationary competitive equilibrium in
which the measure of agents, defined over an appropriate family of subsets of

the individual state space, remains invariant over time.

Households’ problem

The value function of a household with current asset holdings a, current
labor endowment s and fixed level of human capital 6 is denoted by V (a, s; 0).

The household problem in its recursive form can be represented as follow:

V(a,s;0) = max{log(c)+ 3 Z Vi(d, s ;s s)}

subject to
ct+d = (1+rjat+wlds(l—7)+T
c>0, a > —b

The first restriction is the budget constraint. The last set of restrictions
implies that consumption is feasible and households are borrowing constrained.
s is an uninsured idiosyncratic risk that follows a finite state Markov chain
with transition probabilities II(s', s) = Prob(s;y1 = §'|s; = s), where s,s" €
{51,582, ..., Sn}

We obtain the decision rules for consumption ¢(a, s; #) and asset holdings

a(a, s;0) by solving the problem above.

Recursive Equilibrium

The definition of stationary competitive equilibrium is given by
[V(a,s;0), c(a,s;0), a(a,s;0), r, w, k, n, T, 7] and a distribution A(a, s;0)
such that:

(i) Given prices and government policies (r, w, T, 7), [V (a, s;0), c(a, s;0),a(a, s;0)]

are the solutions of the agent’s problem.”

(ii) The wage per efficient unit and the price of capital are given by:

fu (kym) = w (2-7)

0= fe(k,n)—r (2-8)

"We use the endogenous grid point method proposed by Carroll (2006) to solve the
household problem.
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(iii) A(a,s; @) is a stationary distribution associated with the transition func-

tion implied by the decision of a(a, s;0) and the law of motion s:

Ma, s;0) = / P(a,s,a,s;0)d\ (2-9)
A XS

for all a x s € A x S. The transition function P is the probability that
a household with state (a,s) will have a state belonging to a X s next

period.

(iv) Labor market clears:

n= Z,ug/A ) OsA(a, s;0)dads (2-10)
0 X

(v) There is equilibrium in the government budget:

Twn =T (2-11)

233
Description of the experiment

In our model, there are three sources of income inequality: variance of the
idiosyncratic risk o2, fiscal policy {7, T} and households’ fixed level of human
capital 8. We are interested in analyzing the consumption response to a credit
deepening in economies with different levels of income inequality.® Therefore, we
consider a benchmark economy? and two economies: one with higher income
inequality and the other with lower inequality than the benchmark. In our
experiment, we analyze the consumption growth at the peak.

Since we have three different sources of income inequality, we change only
one source at each experiment and we set the other sources at the benchmark
level. For example, we change the variance of the idiosyncratic risk (02) to
generate two economies: one more and one less equal than the benchmark.
Different values of o2 modify the grid of possible values of s;. Thus, the
aggregate labor units (n) is changed. If the government budget constraint
is always binding (equation 11), this will change fiscal policy {r,T'}. We are
interested in analysing the isolated effect of each source of income inequality,
for this reason, we set fiscal policy {7, 7'} and households’ fixed level of human

capital at the same levels as in the benchmark economy. Therefore, in some

8In our experiment, we use the Gini index to measure income inequality. We consider
total income before taxes to calculate this index.

9As we show in the calibration section, we consider the Brazilian economy as the
benchmark.
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cases, the government’s budget might not be satisfied, but it is always satisfied
in the benchmark economy.*’

A credit deepening in our economy is an unexpected shock that increases
permanently the borrowing limit b to b’. We consider two experiments. In
the first, we set the same b and b as in the benchmark economy. Since the
economies have different levels of income inequality, their credit dynamics
are different from the benchmark, which might influence our results. For this
reason, we consider a second experiment in which we adjust b and b to match

the same credit dynamics as in the benchmark economy.

2.4
Quantitative analysis

We analyze the consumption growth driven by a credit deepening in
economies that have different levels of income inequality. There are three
sources of income inequality in our model:*! the variance of the idiosyncratic
risk o2, fiscal policy {7, T} and the households’ fixed level of human capital 6.

In this section, we present the results for these three cases.

24.1
Calibration: application to Brazil

In this section, we describe our calibration strategy. Each period corres-
ponds to one year. We choose parameters of the model to match some charac-
teristics of the Brazilian economy. Recently, Brazil has experienced an intense
credit deepening'? as in other developing countries. This process started in
2004, thus we target data this year.

We solve the stationary recursive equilibrium of the model and the
transitional dynamics numerically using the algorithm of Rios-Rull (1999).
We consider that the log of the efficiency units of labor s; follows a finite
state Markov chain, which is approximated by a stationary AR(1) process
log(s;) = plog(si_1) + & with g, ~ N(0,02). We use Rouwenhorst (1995)’s
algorithm with 9 states to approximate this AR(1) process using a Markov
chain.!® In Brazil, due to the lack of a household panel data survey, such as

the Panel Study of Income Dynamics in the United States, we cannot estimate

10This is not a standard approach in the literature, but the results of our model are not
affected by this approach.

"Note that p is another source of inequality in the model, but changes in this parameter
modify the transition probabilities. We want to compare economies with different levels of
inequality and with the same transition probabilities.

12Between 2004 and 2012, the ratio of nonearmarked credit to households to GDP went
from 6 percent to 16 percent.

13We choose this method because is superior to the commonly used Tauchen (1986)
procedure as it perfectly matches persistence of the process even for low number of states.
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p properly. As an alternative strategy, we set p based on evidence for the US
economy. We follow French (2005) that estimates p = 0.98 using anual data.
Furthermore, we set 02 = 0.045 to match the income Gini index in Brazil in
2004.

We consider a Cobb Douglas production function. The share of capital
a is equal to 0.4 (e.g. Paes and Bugarin (2006)) which is a common value
for the Brazilian economy. The discount fator J is set to match the annual
consumption to output ratio of 0.65, that is obtained from Instituto Brasileiro
de Geografia e Estatistica (IBGE).

We follow Wulff and Octévio (2010) and we set 7" such that the annual
transfers to output ratio for households of 9.41 percent as in the Brazilian
economy in 2004. The government budget constraint have to be binding in
the benchmark economy, and for this reason, we set the tax rate 7 = 0.15.
Furthermore, we calibrate the savings rate r'4 equal to 0.039 as in Berriel and
Zilberman (2012).

We approximate € by the ratio between the income of each level of
education of the head of the household and the income of lowest one, which is
a proxy for the unobserved fixed level of human capital. We consider four levels
of education (1) between 0 and 3 years of schooling with 6; = 1; (2) between
4 and 10 years of schooling with #; = 1.70; (3) between 11 and 14 years of
schooling with 03 = 3.24; and (4) at least 15 years of schooling with 6, = 9.
The distribution of f is obtained from the Pesquisa Nacional por Amostra de
Domicilios (PNAD) in 2005. Thus, the share of the households in each group
of education is: (1) pp, = 0.24 ;(2) pg, = 0.42; (3) pe, = 0.25; (4) e, = 0.09.

Finally, we choose the borrowing limit b to match the credit-to-GDP ratio
of 6 percent. This value corresponds to credit with nonearmarked resources to
households in 2004. This data is obtained from the Brazilian Central Bank
(BCB). In our model, we compute this ratio using the sum of household’s debt
in economy divided by the product.

Table 2.3 summarizes this information.

Table 2.3: Benchmark economy - Brazil

Parameter Description Value Target

o Capital Share 0.4 Paes and Bugarin (2006)
15} Discount fator 0.95 gz 0.65

o? Variance 0.045 GINI =56

Tax rate 0.15 L=9.41%

Borrowing Limit 1.0 %: 6%

Interest rate 0.039 Berriel and Zilberman (2012)

.
b
T
61,0,,05,0, Households’ fixed level of human capital {1;1.6;3.2;9} PNAD (2005)

14We are considering a small open economy, therefore interest rates are exogenous.
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2.4.2
Credit deepening

We explore the response of our economy to a credit deepening. We
consider an economy that at ¢ = 0 is in steady state with the borrowing
limit b = 1.0. We then look at the effects of an unexpected shock at t = 1 that
permanently rises the borrowing limit to ' = 3.5. The size of this shock is
chosen to set the debt-to-GDP ratio at 16 percent after eight years. Therefore,
we replicate the Brazilian credit deepening between 2004 and 2012.

Figure 2.1 shows the optimal values of consumption and assets as a
function of households’ assets holdings (a) with 6; = 1 and efficiency units
of labor equals to s = s5 in two steady states: before and after the credit
shock.!®

At high levels of a, household behavior is close to the permanent income
hypothesis and the consumption function is almost linear in a. For lower levels
of assets holdings, the consumption function is concave, as it is common in
precautionary savings models.!® Also, the optimal values of assets holdings
increase as a increases.

After the credit shock, consumption is higher for all levels of assets
holdings. Besides, their savings are reduced for all levels of a because an
increase in the borrowing limit reduces the precautionary motive in the
economy.

Note that consumption response differs with the level of assets holdings.
For households close to the borrowing constraint, precautionary motive is
higher. Then, their consumption response to the credit shock is higher than

households with high level of assets holdings.

Consumption Assets holdings
2.6 3
2
2.4
1
2.2 0
d
-1 7
2 ’,
_2 ,’
1.8 7 .
' _3 P Before credit shock
P = = = After credit shock
1.6 -4
-4 -2 0 2 4 -4 -2 0 2 4
a a

Figure 2.1: Optimal Consumption and Assets Holdings at s = s5 and 6, = 1
Benchmark.

15We choose this type of household as an example, but the interpretation in this section
is valid for all other types and levels of efficiency units.
16See Carroll and Kimball (1996).
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2.4.3
Case 1: Households’ fixed level of human capital 6

In this section, we analyze the income inequality generated by the
households’ fixed level of human capital 6;. Specifically, we change this value
for the households with the lowest fixed level of human capital, ;. We are
interested in generating economies with different levels of income inequality
relative to the benchmark. Therefore, a higher (lower) value of 6; reduces
(increases) income inequality. Particularly, we set 6; equal to 2.9 (0.7) to
generate a Gini index of 53 (59).

Figure 2.2 shows the main results of this experiment which are in line
with the empirical evidence found:'” the response of consumption per capita
to a credit deepening is higher in economies with higher income inequality.
At the top of this figure, we see that, in the economy with higher income
inequality (lower 6;) than the benchmark, consumption per capita grows at
the peak around 2.8 percent. However, in the other one with lower income
inequality (higher ), consumption per capita at the peak grows 2 percent.
In this result, the initial debt-to-GDP ratios (and all the paths) are different
from the benchmark. Especially, in the economy with lower 8, debt-to-GDP
is above the benchmark in every year, which might influence this result. Then,
we adjust the values of b and b’ to fit the before and after credit deepening
ratios as in the benchmark economy (6 percent in 2004 and 16 percent in 2012,
respectively). These results are shown in the bottom of the Figure 2.2 and the
same effects as before persist, but the sizes are different from before. In the
economy with higher inequality, consumption per capita at the peak grows
around 2.5 percent and in the one with lower inequality, it grows at the peak
2.3 percent (close to the benchmark).

This result suggests that a decrease (increase) on the fixed level of
human capital #; makes this group of households poorer (richer) than in the
benchmark. This makes their assets policy, in the steady state, lower (higher)
than the same group in the benchmark. As a result, there are more (less)
households close to the borrowing constraint for this group. In an economy
with more households close to the borrowing constraint, the effect of a credit
deepening on consumption is higher.

In particular, in Table 2.4, we illustrate this fact by showing the share of
households in debt in each economy, before the credit deepening, divided by
their fixed level of human capital. These shares are from the calibration where
all economies have the same initial debt-to-GDP ratio as in the benchmark.

17Consumption path is the ratio between consumption per capita in each period and
consumption per capita in the first period.
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Figure 2.2: High and Low 6,

Note that in the economy with higher income inequality, there are more
households in debt than the benchmark and the one with lower income
inequality. As a result, wealth inequality is higher (lower) in the economy

with higher (lower) income inequality than in the benchmark economy.

Table 2.4: Case 1 - Shares of households in debt at each economy divided by
0;

Benchmark High Ability Low Ability

Debt % Debt % Debt %

0, 67.2 46.1 85.6

0, 53.0 52.9 51.8

05 45.2 45.0 44.5

0, 31.9 31.8 30.6
Total 52.6 47.4 56.2
Income Gini 56 52 59
Wealth Gini 84 81 86

244
Case 2: Variance of the idiosyncratic risk o2

One of the sources of inequality inherent in our model is given by the
variance of the idiosyncratic risk, o2. This parameter determines the possible
values of efficiency units of labor. The effect of a higher variance of the

idiosyncratic risk on income inequality is twofold. First, a higher o2 implies
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8

that the grid of possible values of s; has more extreme values,'® as a result

2

Z increases the precautionary

income inequality increases. Second, a higher o
motive in the economy, then households hold more assets. Note that households
close to the borrowing constraint increase their savings more than the others,
because their precautionary motive is higher. Consequently, income inequality
decreases. We show that the first effect dominates.

We calibrate two different economies with different levels of income in-
equality relative to the benchmark. Specifically, we set 02 equals to 0.055
(0.035) to generate a Gini index of 59 (53). After these economies are calib-
rated, we analyze the effect of a credit deepening on consumption per capita.
Figure 2.3 presents the results for this experiment. At the top of this figure,
we show the consumption paths without adjusting for the initial debt-to-GDP
ratio. And at the bottom, we adjust the values of b and b to fit the before

and after credit deepening debt-to-GDP ratios as in the benchmark economy

(6 percent in 2004 and 16 percent in 2012, respectively).

C-to-C1 Debt-to-GDP
104 30
"~ Benchmark
103} 1 S -o-Highof
\
! - - —Lowg?
102 " €

101

0
2005 2010 2015 2020 2005 2010 2015 2020

C-to-C1 Debt-to-GDP
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103

102

101

5
2005 2010 2015 2020 2005 2010 2015 2020

Figure 2.3: High and Low income uncertainty

Once the credit deepening process started via an increased permanent
exogenous of b, the economy with lower income inequality shows higher growth
in consumption per-capita than the other with greater income inequality. In

the first case, consumption growth at the peak is close to 3.5 percent, while in

18Tn Rouwenhorst (1995)’s algorithm, changes in 02 modify the values of the states s; but
the matrix of transition remains the same.
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the economy with higher inequality, it is around 2 percent, being located below
the benchmark economy. Furthermore, when we fit the debt-to-GDP ratios as
in the benchmark economy, the results were no different. Consumption growth
at the peak for the economy with lower inequality is maintained above the
benchmark, but with a lower value than before, 3 percent. But, in the economy
with higher inequality, consumption growth at the peak is higher, 2.3 percent,
close to the value on the benchmark economy.

These results show that in economies with higher inequality driven by
more uncertainty on households’ income, a credit deepening has a lower effect
on consumption per capita than in an economy with lower inequality, driven by
less uncertainty. This happens because, in our model, in an economy with high
income uncertainty, households increase their precautionary savings, especially
the ones close to the borrowing constraint. Therefore, in equilibrium, there are
less households close to the borrowing constraint than in another economy
with low income uncertainty.

In Table 2.5, we show this fact with the share of households in debt
(negative assets holdings) in each economy before the credit deepening, divided
by fixed level of human capital {61,6s,0s,0,}. These shares are from the
calibration where all economies have the same initial debt-to-GDP ratio as
in the benchmark. There are less households in debt in all groups in a
economy with higher inequality, explaining why the consumption response
to a credit deepening is lower. Furthermore, there is a negative correlation
between wealth and income inequality. This occurs because households have
more assets holdings in an economy with higher income uncertainty, thus the

wealth distribution becomes more equal (82) than the benchmark (84).

Table 2.5: Case 2 - Shares of households in debt at each economy divided by
0;

Benchmark High 02 Low o2
Debt % Debt %  Debt %

0, 67.2 60.6 71.5

0, 53.0 49.5 58.2

0 45.2 42.2 48.8

0, 31.9 28.1 42.0
Total 52.6 48.5 57.6
Income Gini 56 59 53

Wealth Gini 4 82 86
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2.45
Case 3: Fiscal policy {7, 7}

Another source of income inequality in our model is fiscal policy.'” There
is a progressive tax on labor earnings that is used to fund a lump sum transfer
that is uniform across all households. Consequently, inequality will be lower
(higher) in economies with higher (lower) 7 and 7.

We calibrate two economies: one more and one less equal than the
benchmark. In particular, we set 7 = 0.075 (0.23) and 7" = 0.39 (1.2) to
generate a Gini index equal to 59 (53).

C-to-C1 Debt-to-GDP
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RS = = =High (T,1)
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101.5
101
100.5
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-

99.5

5
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Figure 2.4: High and Low transfer and tax

Figure 2.4 shows our results. As in the case of the variance of idiosyncratic
shock, the effect on consumption per capita of a credit deepening is higher in
the economy with lower income inequality, i.e., with 7" and 7 higher. In this
case, consumption growth at the peak is around to 3 percent, while in the
economy with higher inequality, it is close to 1.5 percent, being located below
the benchmark economy. Even when we adjust the values of b and b to fit
the before and after credit deepening debt-to-GDP ratios as in the benchmark
economy (6 percent in 2004 and 16 percent in 2012, respectively), the results
persist. Especially, consumption per capita grows at the peak 2.5 percent in
the economy with higher 7" and 7 and it grows at the peak 2 percent in other

economy with lower 7" and 7.

19See subsection 2.3.1 (equation 2-6).
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Our results suggest that in economies with higher inequality due to lower
T and 7, a credit deepening has a lower effect on consumption per capita than
in a economy with lower inequality, due to higher 7" and 7. This happens
because fiscal policy affects the precautionary motive in the economy. Thus,
in an economy with lower 7" and 7, households increase their precautionary
savings, in particular the ones close to the borrowing constraint. For this
reason, there will be less households close to the borrowing constraint than
in another economy with higher 7" and 7.

In Table 2.6, we illustrate this fact with the share of households in
debt in each economy before the credit deepening, divided by fixed level of
human capital {61,605, 63,0,}. These shares are from the calibration where all
economies have the same initial debt-to-GDP ratio to the benchmark. Thus,
there are less households in debt in all groups in a economy with higher
inequality. Moreover, as in the case of the variance of idiosyncratic shock,

there is a negative correlation between wealth and income inequality.

Table 2.6: Case 3 - Shares of households in debt at each economy divided by
0;

Benchmark High {7 .7} Low {T,7}

Debt % Debt % Debt %

0, 67.2 73.6 53.6

0y 53.0 62.0 45.7

03 45.2 50.2 39.5

0, 31.9 41.1 28.1
Total 52.6 60.0 44.5
Income Gini 56 53 59
Wealth Gini 84 86 80

2.5
Conclusion

In this paper, we study the role of income income inequality in the
association between credit deepening and consumption growth. We do so
through two approaches. First, we use cross-country and panel estimations.
Second, we use a workhorse Aiyagari model to check in which extent this
theoretical approach can rationalize this empirical finding. Our results in the
empirical part show that the association between consumption growth and
credit expansion is stronger in countries with higher income inequality.

In theoretical part, we consider three sources of income inequality in our
model: the variance of the idiosyncratic risk, fiscal policy and the households’

fixed level of human capital. Our results suggests that when the source of
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income inequality comes from the households’ lowest fixed level of human
capital, our model can rationalize the empirical evidence. In the other cases,

the opposite occurs.
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3
Impact of foreign shocks on small open economy: A FAVAR
approach for Peru

3.1
Introduction

Understanding the effect of external shocks is relevant for small open
economies, particularly in the current context of a greater degree of financial
and commercial integration. The international developments and their impact
on the domestic economy are becoming increasingly important for policy
makers, considering that the macroeconomic outlook for small open economies
can be strongly influenced by international developments through the impact
of different types of shocks (international interest rate, foreign growth and
commodities shocks).

In this paper, we examine the impact of US monetary policy shock and
of the commodity price shock on a wide variety of macroeconomic variables of
the Peruvian economy. This is the first study, to the best of our knowledge,
that tries to provide an assessment of the dynamic effects of this kind of shocks
using FAVAR methodology.

Understanding the effects of US monetary policy shocks is relevant in
the current context, where an increase in interest rates are expected in the
next years as the result of the reversion of monetary stimulus in US, after
the dramatic reduction of the international interest rate of the Fed facing the
international financial crisis of 2008.

In the case of Peru, studying these effects are especially important given
the high degree of economic integration between Peru and US and considering
that US disturbances have an important role in the determination of business
cycles in Latin America, Canova (2005). Further, the persistent degree of
dollarization of the Peruvian economy could amplify the effects of external
shocks (see, e.g., Armas and Grippa, 2005; Castillo and Winkelried, 2010).

With respect the importance of commodity price shocks, we argue that
these shocks are also relevant. The high degree of specialization of exports

of Peruvian economy, leaves it vulnerable to fluctuations in the price of
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commodities, specially as gold or copper.

In this paper, we estimate a factor-augmented vector autoregressive
(FAVAR) model to investigate the importance of external shocks on a small
open economy. The FAVAR methodology exploits information contained in a
large number of macroeconomic indicators and disaggregated variables.

FAVAR models were first developed by Bernanke et al. (2005), based on
Stock and Watson (2002), and extended by Boivin and Giannoni (2008) and
Mumtaz and Surico (2009) to analyse the effects of international shocks in
open economy.

The FAVAR approach combines the standard VAR models with the
Factor Analysis. It has the ability to process a vast amount of information
through the reduction of the dimensionality of the data into a relatively small
set of estimated factors. This methodology has many desirable properties.
First, it uses a large data set of macroeconomic variables, similar those used by
Central Banks. This property is important for adequately identifying monetary
policy innovations. Bernanke et al. (2005) argue that the measurement of policy
innovations is likely to be contaminated by limiting the analysis to a small
number of macroeconomic variables. Second, the FAVAR approach provides
impulse response functions for every variable within the information set.

In this work, we follow closely the methodology of Boivin and Giannoni
(2008) considering two blocks: an external block that represents US economy
characterized by a specific number of factors and the internal block which is
also characterized by a number of factors that represent the Peruvian economy.

The main results are as follows. In response to contractive US monetary
policy shock, Peruvian GDP growth, manufacturing sector growth and the
inflation rate are reduced, whereas the domestic interest rate and exchange rate
are increased. The variance decomposition shows that the nominal exchange
rate present a greater variability to the foreign monetary shock compared to
other domestic variables.

On the other hand, our findings reveal that higher commodity prices
affect the Peruvian economy through a positive terms of trade shock, GDP
growth, and increase the inflation. This evidence is consistent with the previous
literature. (e.g. Castillo and Salas 2010).

The rest of the paper is organized as follows. The next section briefly
describes the existing literature. Section 3.3 describes the methodology applied
and the specification of the model. Section 3.4 shows the data description.

Sections 3.5 and 3.6 present our main results and section 3.7 concludes.
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3.2
Literature review

The effects of external shocks on small open economies have been extens-
ively discussed in the literature. Most of existing literature tried to disentangle
the effects of internal and external shocks, both for developed economies and
developing countries. (see, e.g., Canova and Marrinan, 1998; Canova 2005). In
the case of analysis of external shocks, the literature focused on identifying
the impacts of shocks: oil, international interest rate, international demand
and commodity price.

The empirical evidence in developing countries is wide, Uribe and Yun
(2006) find that US interest rate shocks are relevant in explaining the GDP of
Latin American countries. On the other hand, Mackowiak (2007) finds evidence
that the effects of interest rate shocks are less relevant than other external
shocks.

Giovanni and Shambaugh (2008) find that external interest rate shocks
have contractive effects on small open economies and that magnitude of the
effects depend on the exchange rate regime. Raddatz (2007) finds that external
shocks are less relevant compared with internal shocks. In the case of Peru,
Castillo and Salas (2010) come upon that the terms of trade shocks can explain
an important part of the business cycles. Much of the evidence showed in the
literature is based on the estimation of VAR models. In this paper, we try
to disentangle the effects of shocks on international interest rate shock and
commodity price. We use a FAVAR model applied to the Peruvian economy.

Among the literature of FAVAR methodology applied to open economies,
we can highlight two main papers. Mumtaz and Surico (2009) used a FAVAR
model with sign restrictions and a bayesian VAR for studying the transmission
of international interest shock on the UK economy, using a large panel of 17
countries. Boivin and Giannoni (2008) used a FAVAR to gauge the evolution
of the impact of the international factors on the US economy.

Our work is closely related to these last two papers.

3.3
Methodology

3.3.1
FAVAR

The econometric framework used in this paper is based on the factor-
augmented vector autoregression model (FAVAR) described in Stock and Wat-
son (2002), Bernanke et al. (2005) and by Boivin and Giannoni (2008). We es-
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timate a FAVAR model using a two-step principal component approach, which
permit us to explore the information from a large number of macroeconomic in-
dicators, as well as from disaggregated data. The model consists of two blocks:
an internal block represented by the Peruvian economy and an external block
that represents the rest of the world. Especifically, we consider the foreign
block the US economy. The information about the domestic and foreign eco-
nomy is summarized by a number of unobserved and observed factors, where

Fis = [ i Ry ] is the total number of factors for the foreign economy and

kit
The joint dynamics of both F;“ and F/*" evolve according to the

FP" = [ PR } is the total number of factors for the domestic economy.

following transition equation:

Ct = q) (L) Ct—l + (% (3-1)
The equation of transition in your matrix notation is given by:

_ | Pu (L) (L) Vi1 (3-2)
028 (L) 0251 (L) V-1

*US

Ft
per

3

*US
thl

er +
4

We consider an exogenous block structure in the transition equation.
Therefore, we impose @15 (L) = 0 due to the assumption that the developments
in Peruvian economy does not affect to the rest of the world at any horizons.
While that following a US monetary policy shock, ®o; (L), measures the extent
to which US variables (factors) contribute to the transmission of the Peruvian
monetary policy domestically.

The equation (3-1) is a standard VAR, except that the vectors of factors
f# and fp;" are unobserved. We assume that the unobserved factors summarize
the information contained in a large number of economic variables for each
block, denoted by X7 for the Peruvian economy and X; for the foreign
economy. These vectors are of N x 1 and N*x 1 respectively. The dynamics
of each series domestic and foreign are assumed to relate to the state of the

economy in each block according to the observation equations:
X =NF" +¢; (3-3)

XPT = NPTEPT 4 ARuS s o (3-4)
where A* is the matrix of factor loading and N* x 1 vector e; contains series-
specific components that are uncorrelated with the common components F;**,
and where X/ is a N x 1 vector of variables, AP*" and A*** are N x (K + 1),
N x (I +1) matrices of factor loadings. Finally, the Nx1 vector e; contains
series-specific components that are uncorrelated with the common components.

Note that, the dynamics of the domestic series X7 is a linear combin-
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ation of both the domestic factors (F{") as well as foreign factors (F;*). In
the equation (3-4) we considered that the dynamics of each domestic variable
can be affected by the foreign factors because nothing prevents external factors
affecting domestic variables. In addition, by the transition equation (3-1), we
can see that there is a link between the foreign and domestic factors, then they
can affect the domestic variables indirectly (or via a lag). Furthermore, we be-
lieve that if we do not consider external factors in the observed equation, we

may underestimate the effect of external impulses on the domestic variables.

3.3.2
Identification of the Foreign shock

We are interested in studying the dynamic effect of a foreign monetary
policy shock on a subset of macroeconomic series of the Peruvian economy.
It is noteworthy that our efforts to identify the external monetary policy
shock is given through the use of disaggregated information. For that aim,
we impose only the minimum number of restrictions needed to identify the
policy shock. More specifically, we use a recursive identification (Cholesky),
implying that the foreign block is completely exogenous and does not react to
Peruvian variables contemporaneously.

The variables in the FAVAR are ordered as follows:

[fomofome]
where i=1,..n.,; are the number of the foreign unobserved factors and k=1,..n
are the number of the Peruvian unobserved factors.

Specifically, we assume that the federal funds rate R; is ordered last in
the foreign block and the latent factors f;, cannot respond to innovations in
R} in the period of the shock. In the sequence, we order the domestic block in
the same form as the foreign block. This is, the policy variable RP" is ordered
last, based on the assumption that the unobserved domestic factors f,f’etr do not
react contemporaneously to domestic monetary policy shock. Thus, we obtain
that the domestic economy is affected by all variables in the foreign block,
both contemporaneously via the matrix that multiplies the identified shocks

as well as dynamically, via the coefficients in the lags matrix.

3.3.3
Estimation

As in Bernanke et al.(2005) and by Boivin and Giannoni (2008), we
estimate the FAVAR using a variant of a two-step principal component

approach.
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In the first step, we extract principal components from X7 and X/
to obtain consistent estimates of the common factors.! We represent the US
economy by a number of unobserved factors extracted from a large panel of N*
indicators, X}, which contain important information about the fundamentals
of the US economy. We include in the factors vector an observable measure of
the monetary policy stance. We assume that the federal funds rate (FFR) is
the instrument of policy for the US.

To identify the unobserved external factors we follow Boivin and Gian-
noni (2008). More specifically, we started from an initial estimate of f;*, denoted
by ft*(o) obtained the first I principal components of X/, we iterate through
the following steps: (1) Regress X; on ft*(o) and R; to obtain the coefficient
on R}, denote by QE(O); (2) Compute X0 = X; - ﬁgo)RI; (3) Estimate £
as the first J principal components of X, ©. (4) Repeat steps (1)-(3) multiple
times until a certain convergence criterion is met.? We do so because we are
interested in uncovering the space spanned by the unobserved factors, but not
caught by the foreign interest rate R;. The total number of unobserved and ob-
served foreign factors is represented by: F;"* = [ Ry ], where i = 1, . n¢y
is the number of the latent factors and R; is the federal funds rate which is
the only observable factor.

The k domestic factors, fi; , are extracted from the full panel of the
Peruvian series. We follow the same strategy done for the foreign block.

In the second step, after the factors are estimated in both blocks, we
estimate the equation (3-1) as a VAR. Finally, the response of each domestic
series X" to a shock of foreign monetary policy in the transition equation
(3-1) can be calculated using the estimated factor loadings and the equation

(3-4). We estimated AP and A*** for OLS, using F/“" and F;" as regressors

respectively.

3.4
Data

3.4.1
The dataset for the domestic block

Our dataset is comprised of 227 macroeconomic monthly series for the
Peruvian economy, spanning from 2002:01 to 2008:08. It includes 77 macroe-

conomic indicators published by the Central Bank of Peru (CBP), containing

!Stock and Watson (2002) show that the principal components approach consistently
recover the space spanned by the factors, F;**?, when N* is large and the number of principal
components used is at least as large as the true number of factors.

2 More specifically, until (AZE(O) converge.
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several measures of industrial production, interest rates, employment, exports,
imports as well as other key macroeconomic and financial variables. These
indicators contain useful information about the state of the economy for the
appropriate identification of monetary policy and it could be interpreted as a
better approach for measuring the information set used by the Central Bank
of Peru in its policy decisions. We added also indicators of disaggregated prices

not published by CBP. Specifically, we collected 150 series on CPI prices.

3.4.2
The dataset for the foreign block

The dataset consists of a panel of 629 monthly series for the US economy
spanning the periods from 2002:01-2008:08 which cover a broad range of
measures of real activity and income, employment, asset prices, interest rates
and spreads, exchange rates, price indices and disaggregated series on personal
consumption expenditures and producer prices indices. All the series are
obtained from of Stock and Watson (2012) and Florido (2013).

We use a dataset containing 73 series of the major trading partners of
Peru. This data contains information on real activity, inflation, money and
interest rates for Germany, Japan, China, Switzerland, Chile, United States
and Canada. All the series are obtained from central banks, OECD and IFS.?

We are also interested in investigating how the commodity price shock
affect the Peruvian economy. Thus we use a dataset of 53 commodities prices,
to generate the factor that represents the variability this set. All the series are
obtained from IF'S.

Finally, in both the cases we take the log differences of all series with the
exception of interest rates. The data is then standardized. Further we end our
sample in August 2008 due to the zero lower bound problem that was observed
in the federal funds rate (FFR) at the end of 2008, as a result of the financial
crisis.

3Where OECD is The Organisation for Economic Co-operation and Development, and
IFS is International Financial Statistics.
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3.5
Results for the foreign block US economy

3.5.1
The effect of foreign monetary policy shock

In this section, we describe our main results that are shown in Figure
3.1. The figure shows the impulse response functions (IRFs) of a selection of
key macroeconomic variables from Peru to an unexpected increase of 25 basis
points of the federal funds rate. The solid line indicates the estimated response.
The upper and lower dashed lines plotted in each graph represent 90 percent
bootstrap confidence intervals based on 1,000 bootstrap samples.* We use two
lags that were chosen using information criteria tests.

We used the Bai and Ng (2002) criterion in the determination of the
number of factors.® Considering they not are decisive, we limit the number of
unobservable factors to four for the foreign block and three for domestic block.
We did this to strike a balance between the variance of the original series,
which is explained by the principal components, and the need to maintain
a parsimonious VAR. In total, our VAR model is composed of three external
factors and an observed factor and two domestic factors and an observed factor.
We estimate a VAR model with seven variables.®To test whether our results
are altered when the number of factors is changed, we consider two alternative
specifications with six and eight factors. These results are reported in Figures
4.1 and 4.2 in the appendix. We find that changing the number of factors does
not change qualitatively the nature of our main results.

The figure 3.1 shows that an unexpected increase in the short term
interest rate in the foreign block has a negative effect on real activity in the
Peruvian economy. More specifically, the output growth significantly declines
but only recovers at about 10 months. Other measures of economic activity
also tend to decrease, like the manufacturing and mining sectors. These last
reactions indicate that the international transmission of monetary shocks exists
in the case of Peru. The FAVAR methodology uncovers such response which
may have been ignored by a VAR methodology. This is because VAR uses

4As the two-step approach implies the presence of “generated regressors”’in the second
step. The covariance matrix obtained at this stage tends to underestimate the actual
uncertainty. Thus in order to construct an accurate confidence intervals on the impulse
response functions reported below, we implement a bootstrap procedure, based on Kilian
(1998) used also by Bernanke et al. (2005).

5This criterion proposed a set of selection criteria to choose the estimated number of
factors, that are generalizations of the BIC and AIC criteria.

SWe consider as the observable factor the federal fund rate for the foreign block and the
interbank interest rate (as proxy of reference policy rate) for the domestic block.


DBD
PUC-Rio - Certificação Digital Nº 1012752/CA


PUC-RIo - Certificacdo Digital N° 1012752/CA

Three Essays in Macroeconomics 67

a limited number of variables, which usually means including only a general
measure of production.

The decline in production is also consistent with raising domestic interest
rates. Equally consistent with higher interest rates is the decline in money as
measured by monetary base growth. Further, inflation shows a small decrease
on impact, following the domestic monetary tightening. Hence, interest rates
are a channel of transmission of foreign monetary shock. On the other hand, on
impact, the exchange rate depreciates and there is a reduction of international
reserves, this finding could be consistent with the foreign market intervention
of the Central Bank trying to reduce the depreciation pressure in exchange rate
market. The increase in the foreign interest rate improves slightly the exports
growth, the terms of trade and reduces the import growth, but these effects

are not significant.
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Figure 3.1: Shows the response of the Peruvian economy to a 25 basis points increase
of foreign monetary shock IRF. The variables are represented in monthly growth
(percentage change), except for the interest rates.

3.5.2
Variance Decomposition: Contribution of foreign monetary shock to
variance of the common component.

Another exercise in the analysis of standard VAR is the variance decom-
position. This consists of determining the fraction of the forecasting error of

a variable, at a given horizon, that is attributable to a particular shock. In
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the context of FAVAR approach, this suggests a potentially more appropriate
decomposition, where the relative importance of a structural shock is assessed
only to the portion of the variable explained by the common factors. More

formally, this variance decomposition for X" can be expressed as:

I

1

A;var <C’ff,; — ét+k|vf> A

——— 35
Aivar (Cf_iz — Ot-}—k‘t) AZ

t+k T

where A; is the ith line of A = [ APer o p\Fus }, cr = (F}pew,ﬂ*“s’)/ and

var(CfizféHk \U?)
var(C’f_iz—at+k‘t)

Table 3.1 reports the results for the variance decomposition of the main

is the standard VAR variance decomposition based on eq (3-1).

variables in our analysis. The first column reports the R? of the common
component (domestic and foreign factors) and the second column shows the
contribution of a external monetary policy shock to the variance of the forecast

of the common component, at the 30-month horizon.

Table 3.1: Variance Decomposition at the 30-month horizon.

Variables R? Varlanc.e.
Decomposition
GDP 0.2454 0.0263
Manufacture 0.2425 0.0622
Employment 0.3953 0.0268
Rate Exchange ($/5/.) 0.5462 0.1338
Export 0.0498 0.0322
Import 0.0681 0.0189
Terms of Trade 0.1721 0.0325
Inflation 0.1690 0.0432
Money Base 0.3181 0.1145
International Reserves 0.3341 0.0668

We see that the foreign policy shock explains between 2% and 13% of the
forecast variance of principle variables. In particular, the foreign policy shock
explains 2.63% of GDP growth and 4.32% the inflation, whereas 11.45% on the
monetary base growth and 13.38% of the depreciation of the exchange rate.
This suggests that the foreign monetary policy shock has greater participation
in the volatility of the exchange rate and a small contribution in the variability
of output, employment and external indicators, such as exports and imports.
This evidence shows that the foreign monetary shock would affect mainly
financial variables more than real variables.

Looking at the R? of the common component we can observe that the
factors explain a sizeable fraction of the variables principles. Specifically, the

most aggregated measures of real economic activity growth, GDP with to
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24.54% and employment growth with to 39.53%. This shows that most of the
fluctuations in Peruvian GDP are reasonably determined by this combination
of factors. On the other hand, the correlation with the terms trade and the
import and export growth is particularly low with 17.21%, 6.81% and 4.98%
respectively. Note that the R? of common component is low for the export and
import growth, that implies that we should be prudent when using the impulse

response estimates for these variables.

3.5.3
Commodity Price Shock

The Peruvian economy, as a large exporter of a broad range of commod-
ities, is exposed to changes in the external economic environment. This section
attempts to quantify the potential impact of commodity price shocks on the
Peruvian economy. This question is of particular interest today, in light of the
increased uncertainty about the global economic outlook. It is noteworthy that
changes in commodity prices affect Peru through its terms of trade, as well as
through demand for Peruvian export.

With such objective in mind, we generate a factor that represents the
behavior of the common pattern of commodity prices.” We follow Jeffrey (2006)
and place the factor that represent commodities last in the foreign block, i.e.,
after of the federal fund rate,

/
* * co per PET
fooRpOfe AR

where i=1,..n.,; are the number of the foreign factors, f is the factor that
represent the set commodity price and k=1,..n are the number of the Peruvian
factors.

We estimate the FAVAR with four factors for the foreign economy;,
including the factor that represented the commodities and the observable factor
for the US. The number of domestic factors is the same as in our main results.®

The response of the Peruvian economy to a one standard deviation change
in commodity prices is shown in Figure 3.2 (log changes). There is a slight
increase in monthly GDP growth, monthly manufacturing growth, and mining
in response to this shock. The increase in the output growth can be explained
by an increase in the growth of exports, and to a lesser extent to the growth of
the mining products and the increase in the terms of trade. This latter increase
occurs in spite of the exchange rate appreciation, which in turn increases

the imports growth. Overall, our results are consistent with previous studies

"We generate one factor of a set of commodities prices published by the IMF.
80ur results remain robust, when we consider 4 domestic factors and 5 foreign factors.
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analyzing shock of terms of trade in developing economies (e.g. Castillo and
Salas 2010).

Finally, a positive commodity price shock leads to some inflation pres-
sures, as the CPI inflation rate jumps weakly. This impact could be deeper,
but is contained by the appreciation of the exchange rate. The interest rate
increases slightly, as a response of the monetary authority to the rise in infla-

tion.
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Figure 3.2: Shows the response of the Peruvian economy to a shock of one standard
deviation in the commodity factor - IRF. The variables are represented in monthly
growth (percent change), except the interest rates.

3.6
Results for the foreign block with the major trading partners of Peru

In this section we consider as foreign block the major trading part-
ners of Peru. Specifically we extract international factors from a large panel
of data covering 7 countries that are the major trading partners of Peru.’
We follow Mumtaz and Surico (2009) to identify the J external factors.
We assume that the foreign economy consists of four factors, F;*

AY wr AM} FR; | where AY;" represents international comovements
in real activity of the major trading partners, 7; denotes an international infla-

tion factor, AM; is an international money factor, and F'R; denotes comove-

9See subsection 3.4.2.
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ments in international interest rates. Specifically, we extract the international
real activity factor from all international real activity series of the set to date
of the major trading partners of Peru. The other international factors are also
identified in the same form. As in the previous case, we analyze the impact of
two foreign shocks on the Peruvian economy. In particular, foreign interest rate
and commodity price shocks. The results are show in the figures 3.3 and 3.4.1°
In the case of a commodity shock, we consider that the commodity factor is
placed in the foreign block, first in the ordering, and it is assumed to be able to
affect simultaneously all the variables of trading partners as well as Peruvian
variables.

In figure 3.3, we present the dynamic effects of an unexpected increase
in foreign interest rate. The signs of the impact are in line with the results in
figure 3.1. The GDP growth and manufacturing growth show a fall in the first
period, while the response of the mining growth shows a slight fall. Further, on
impact, the exchange rate depreciates that in turn increases the exports growth
and decreases the imports growth and the reserves. The inflation responds with
a significant fall at around the third period. Finally, in this case, the monetary

policy reaction is delayed, increasing the interest rate only in the third period.
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Figure 3.3: Shows the response of the Peruvian economy to a 25 basis points increase
of foreign monetary shock IRF. The variables are represented in monthly growth
(percentage change), except for the interest rates.

10The only difference of this section with respect to the above is the identification of
factors. The rest of the methodology remains the same.
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The estimated impulse responses of a set of macroeconomic variables to a
commodity price shock are reported in Figure 3.4. The responses are broadly in
line with the dynamic effects obtained in the previous case, when we consider
the foreign block the US. In particular, we find evidence of a positive impact
on output growth, manufacture growth and mining growth, while, the net
exports and the terms trade improve. Note also that the policy rate increase

is consistent with the increase in the inflation.
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Figure 3.4: Shows the response of the Peruvian economy to a shock of one standard
deviation in the commodity factor - IRF. The variables are represented in monthly
growth (percent change), except the interest rates.

3.7
Conclusions

In this paper, we study how different external shocks affect the Per-
uvian economy. We do so by using a Factor-Augmented Vector Autoregressive
(FAVAR) model. This methodology allows us to explore a large set of macroe-
conomic data, both foreign and domestic. This methodology is used to trace
out the effect of different shocks on the economy in a rich data environment,
which allows to improve some weaknesses of traditional VAR models. We find
that a positive international interest rate shock has contractive and signific-
ant effects, it reduces GDP and inflation rate and generates an exchange rate
depreciation, an increase of the domestic interest rate and a reduction of inter-

national reserves. In the case of commodity price shock, we find that its effects
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are consistent with the previous literature in which a positive shocks expands

GDP, net exports and inflation rate.
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A
Results for the foreign block U.S. economy

The number of foreign factors used are three (two unobserved factors and
FFR). The number of domestic factors used are three (two unobserved factors

and the interbank interest rate).
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Figure 4.1: Shows the response of the Peruvian economy to a 25 basis points increase
of foreign monetary shock IRF. The variables are represented in monthly growth
(percent change), except the interest rates.
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The number of foreign factors used are four (three unobserved factors
and FFR). The number of domestic factors used are four (three unobserved

factors and the interbank interest rate).
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Figure 4.2: Shows the response of the Peruvian economy to a 25 basis points increase
of foreign monetary shock IRF. The variables are represented in monthly growth
(percent change), except the interest rates.
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