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Abstract

Morisita Fujisima, Otavio Hiroaki; Carvalho, Carlos Viana de (Ad-
visor); Zilberman, Eduardo (Co-Advisor). Banking Spread De-
composition through a Structural Macroeconomic Model.
Rio de Janeiro, 2021. 77p. Dissertação de mestrado – Departamento
de Economia, Pontifícia Universidade Católica do Rio de Janeiro.

This paper aims to decompose the banking spread using a structural
macroeconomic model. We embedded a general equilibrium framework with
loans to households and entrepreneurs that may be in default, a banking
sector in monopolistic competition and subject to administrative costs, and
we also added a tax structure related to bank intermediation. These cha-
racteristics for the composition of the spread are in line with the empirical
literature on banking spread determinants in Brazil and with the accounting
decomposition of the spread made by the Banco Central do Brasil (BCB).
Our quantitative findings reveal that household spread reduction is greater
when we increase competition in the banking sector (3.77 p.p. quarterly
or 54% decrease compared to baseline calibration). Furthermore, reducing
administrative cost is the most effective way of diminishing entrepreneur
spread (1.35 p.p. quarterly or 46% decrease compared to baseline) and it
is also capable of diminishing household spread (2.5 p.p. quarterly or 36%
decrease compared to baseline). Results also suggest some careful actions by
policy makers only supported by BCB accounting decomposition without
an economic model underpinning the analysis. This dissertation also reveals
some challenges regarding the inclusion of credit default with a banking sec-
tor in imperfect competition and its contribution to the spread formation.

Keywords
Financial Friction; DSGE; Banking Spread; Decomposition; De-

fault;
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Resumo

Morisita Fujisima, Otavio Hiroaki; Carvalho, Carlos Viana de; Zil-
berman, Eduardo. Decomposição do Spread Bancário através
de um modelo Macroeconômico Estrutural. Rio de Janeiro,
2021. 77p. Dissertação de Mestrado – Departamento de Economia,
Pontifícia Universidade Católica do Rio de Janeiro.

Este artigo objetiva decompor o spread bancário utilizando um modelo
macroeconômico estrutural. Nós enriquecemos um arcabouço de equilíbrio
geral com empréstimos para indivíduos e firmas que podem inadimplir, um
setor bancário em competição monopolística e sujeito a custos adminis-
trativos e também acrescentamos uma estrutura de impostos relacionadas
a intermediação bancária. Essas características da composição do spread
estão em linha com a literatura empírica dos determinantes do spread ban-
cário e com a decomposição contábil do spread realizada pelo Banco Central
do Brasil (BCB). Nossa análise quantitativa revela que a redução do spread
para indivíduos é maior quando aumentamos a competição no mercado ban-
cário (3.77 p.p. trimestral ou 54% comparado a calibração baseline). Ade-
mais, redução do custo administrativo é a maneira mais eficaz para reduzir
o spread para firmas (1.35 p.p. trimestral ou 46% comparado a calibração
baseline) e também é capaz de reduzir o spread para indivíduos (2.5 p.p.
trimestral ou 36% comparado a calibração baseline). Resultados também
sugerem cuidado na formulação de políticas econômicas somente baseadas
na decomposição contábil realizada pelo BCB e sem um modelo econômico
fundamentando a análise. Esta dissertação também revela alguns desafios
relacionados à inclusão da inadimplência juntamente com um mercado ban-
cário em competição imperfeita e sua contribuição para formação do spread.

Palavras-chave
Fricção Financeira; DSGE; Spread Bancário; Decomposição;

Inadimplência;
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1
Introduction

Banking spread is an important variable for economic growth and the
Brazilian economy is an international outlier in terms of high banking spread,1

even controlling for the credit-to-GDP (World Bank (2018)). Reducing banking
spread as an official objective of Banco Central do Brasil (BCB) dates back at
least to 1999 with the project Juros e Spread Bancário no Brasil. Recently, the
Agenda BC+ reinforced the idea and not only did it aim to reduce the credit
cost to final borrowers, but also diminish default rate, and foster competition
in credit markets as a pillar for that agenda. One particular study under
this initiative is the Índice de Custo de Crédito (ICC) spread decomposition
which estimates component shares of an average banking spread. Figure 1.1
reports ICC main components and shares calculated in Banco Central do Brasil
(2019b).2

Figure 1.1: Banco Central do Brasil (2019b) - nonearmarked credit
1Banco Central do Brasil (BCB) estimates wedges of 7.7 % quarterly faced by households

and 2.91% faced by non-financial firms. Only non-earmarked credit (i.e., financing and
loans in which rates and destination are negotiated freely between financial institutions
and borrowers). Monthly average between 2013-2019.

2Administrative cost embrace general cost like employee training, payroll, and marketing.
Tax share captures expenditures related to banking intermediation of funds taxation and
contributions to Fundo Garantidor de Crédito (FGC). Unpaid debts and interest rates
compose default share. Lastly, financial margin is a residual account and captures bank
profits and other factors not mapped by the methodology.
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Chapter 1. Introduction 13

In this dissertation we study and decompose the banking spread accord-
ing to ICC decomposition with the support of a structural macroeconomic
model. We utilize a DSGE with financial friction characterized by endogenous
default, administrative cost, tax, and a banking sector in monopolistic compe-
tition. Our approach is different from most of studies.

We calibrate the model to match Brazilian moments and analyze the
steady state to decompose spread in level. We perform two spread decompo-
sition exercises. In the first exercise, we adapt and apply the ICC accounting
decomposition methodology to our model steady state and compare with the
shares calculated by BCB in Figure 1.1. This procedure may be thought of
as an untargeted moments evaluation except the administrative share which
we use as a moment target in calibration. Administrative cost, financial mar-
gin, tax and default implied by model shares are 24%, 21%, 30% and 24%,
respectively. Therefore, our model performs reasonably well.

Our main decomposition exercise is the counterfactual analysis which
it is performed by altering parameters values to simulate economic policies
aiming at spread reduction. Results suggest that fostering competition in credit
markets reduces household spread by 3.77 p.p. quarterly or 54% compared
to baseline. Moreover, undermining bank administrative cost decreases firm
spread by 1.35 p.p. quarterly or 46% compared to baseline.

We then compare the components shares calculated by the ICC account-
ing methodology applied to our model steady state (m) and shares calculated
in Figure 1.1 (BCB) with the spread reduction relative to baseline in counter-
factual analysis. Average spread tax share represents 30% implied by model
(m) or 22% calculated by BCB (BCB) while absence of taxation leads to
18.96% spread reduction in counterfactual analysis. Administrative cost share
in accounting exercise is 24% (m) or 27% (BCB), but counterfactual exercise
delivers 39.36% spread decline relative to baseline. Financial margin accounting
share represents 21% (m) or 20% (BCB), but no financial margin simulation
results in 43.45% average spread reduction compared to baseline.

Our quantitative findings reveal that household spread reduction is
greater when we increase competition in the banking sector. Furthermore,
reducing administrative cost is the most effective way of diminishing en-
trepreneur spread and it is also capable of diminishing household spread in
a meaningful way. World Bank (2018) provides empirical evidence regarding
the administrative cost as an important component of banking spread. Fur-
thermore, results suggest some careful actions by policy makers only supported
by ICC accounting decomposition without an economic model underpinning
the analysis.
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Chapter 1. Introduction 14

In Chapter 2 we briefly discuss the empirical literature on banking
spread determinants and studies that directly influence the construction of
our model. We note that only Souza-Sobrinho (2010) studies banking spread
of Brazilian economy supported by a macroeconomic model with a steady state
analysis. Contrasting to our dissertation, his model features different spread
components. First, our model does not include an earmarked type of credit, but
we include household credit. Second, we model an endogenous default and not
only a constant default cost. Third, we incorporate a rich tax structure related
to the intermediation of funds in line with the ICC spread decomposition. We
see our dissertation as complementary to Souza-Sobrinho (2010) analysis.

We present our DSGE with financial friction model in Chapter 3. It fea-
tures different agents with respect discount factors, hence patient households
are always savers and impatient households and entrepreneurs are always bor-
rowers. Borrowers are subject to a borrowing constraint determining availabil-
ity of credit and they offer collateral on their debt. Collateral is affected by
idiosyncratic shocks giving rise to credit default. Intermediation of funds be-
tween savers and borrowers is executed by a banking sector in monopolistic
competition. Furthermore, banks face administrative cost to provide credit,
reserve requirements, and taxes. After presenting the model, we show steady
state interest rates derived from agents optimization problems that provide
intuitions about our results.

In Chapter 4, we perform the quantitative analysis which consists of
calibrating the model to match Brazilian moments and perform two steady
state decompositions. In ICC Accounting Spread Decomposition, we adapt
ICC decomposition methodology and apply it to our model steady state,
and the process may be thought of as an untargeted moments evaluation.
Counterfactual Analysis is the most important decomposition to which we
change parameters values to simulate economic policies. We then compare
Counterfactual Analysis and ICC Accounting Spread Decomposition in terms
of spread reduction.

Finally, the Economic Spread Decomposition which consists of exploring
steady state interest rates derived from agents optimal decisions is presented in
Appendix A. The propagation of a monetary policy and technology shocks are
presented in Appendix F. Alternative credit default modeling and a banking
technology structural approach are shown in Appendices H and I, respectively.
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2
Brief Literature Review

We study the banking spread of Brazilian economy with the support of a
macroeconomic model having in mind the empirical literature on spread deter-
minants and DSGE with financial frictions. Although most studies regarding
banking spread focus on trying to find empirical relationships, a few analyze
the problem with a model. This dissertation fits into this category.

There is a relatively large empirical literature on the banking spread
determinants of Brazilian economy. It is mainly motivated by policy questions
since most authors are researchers from Banco Central do Brasil (BCB). The
majority of this literature follows Ho and Saunders (1981) methodology that
uses bank information and macroeconomic variables in a panel.

We highlight Bignotto and de Souza Rodrigues (2005) and Almeida and
Divino (2015) which follow Ho and Saunders (1981) methodology.1 Although,
studies differ in sample range and data sources both suggest that administra-
tive cost and some measure of risk are the leading factors in explaining the
banking spread variations.2 The relative importance of banking sector concen-
tration (a proxy for banking competition) is not consistent in both studies.
Joaquim et al. (2019) shed light on the question and use banks M&A episodes
as an exogenous variation to study the impact of competition on credit spread
and quantity in the Brazilian Economy. Results suggest that less competi-
tion leads to higher spread and lower credit, despite possible gains from bank
efficiency. Therefore, our model takes into account the most important deter-
minants of banking spread identified by this literature.

Regarding the literature on DSGE with financial frictions, an upsurge
of studies emerged after 2008 financial crisis. We only highlight studies that
directly influence the construction of our model.

Our core structure model is based on Carvalho et al. (2018) which is
a standard DSGE with financial friction and a new ingredient. They add
consignado credit (“payroll lending”), whereby creditors are paid straight out
of debtors’ paychecks and evaluate the credit deepening in Latin America.

We introduce monopolistic competition banking sector in the same spirit
1Several papers follow the same methodology, we only cite the most important ones.
2World Bank (2018) reinforce that these are the main components of spreads.
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Chapter 2. Brief Literature Review 16

of Gerali et al. (2010) since it is a tractable modeling. We also incorporate
a reduced form banking technology as Curdia and Woodford (2010) which
employ final goods in order to produce credit. Their original intent of this
modeling device is to capture agency and operational costs not explicitly
modeled, but we interpret it as the bank administrative cost. In Appendix
I, we present a structural approach of banking technology which is explicitly
modeled. We choose the reduced form since it is easier to discipline parameters
and intuitions of both approaches are similar.

We include credit default inspired by Elenev et al. (2018) whose issues
regarding borrowers liquidity give rise to delinquency. Default is defined by a
simple cut-off rule between paying the debt or losing collateral. Carvalho et al.
(2014) and Darracq Pariès et al. (2010) also introduce credit default in a DSGE
with Gerali et al. (2010) banking sector. 3 Their modeling is based on Forlati
and Lambertini (2011) and consists of a new layer of banks which intermediates
funds between final borrowers and imperfect competitively banks. In Appendix
H, we show this alternative modeling and present some results. In particular,
this modeling approach does not deliver credible results in our counterfactual
analysis e.g., default rate skyrockets and can exceed 10 p.p. quarterly.

Finally, Souza-Sobrinho (2010) is the closest study to this dissertation
in terms of quantitative analysis procedure. He studies the banking spread of
Brazilian economy and also performs a model steady state analysis which he
calls medium term analysis. His results suggest that earmarked credit is the
main responsible for the high spread of nonearmarked credit. This dissertation
is different from Souza-Sobrinho (2010) regarding the model and its main
features. First, our model does not include an earmarked type of credit, but
we include household credit. Second, we model an endogenous default and not
only a constant default cost. Third, we incorporate a rich tax structure related
to the intermediation of funds in line with the ICC spread decomposition. We
see our dissertation as complementary to Souza-Sobrinho (2010) analysis.

3Jakab and Kumhof (2018) incorporate credit default in a baking sector resembling Gerali
et al. (2010) framework. However, only the deposit market features monopolistic competition
while loan market is perfect competitively and model in Costly State Verification fashion.
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3
The Analytical Framework

The structure of the model is based on Carvalho et al. (2018) incorporat-
ing Gerali et al. (2010) monopolistic competition in the banking sector. Banks
are subject to subject administrative cost, credit default, and tax structure
related to bank intermediation. We consider an economy with three groups of
agents that are infinitely-lived: patient households (p), impatient households
(I), and entrepreneurs (e). Each group is composed of a continuum of agents
with measure one. Impatient households and entrepreneurs have discount fac-
tors lower than patient households (i.e., max {βi, βe} < βp), hence, the former
two agents have the incentive to borrow from patient households in equilib-
rium. We focus on the case which patient households are always lenders and
impatient households and entrepreneurs are always borrowers.

Inspired by Elenev et al. (2018), we model the credit default arising
due to liquidity problem. Borrowers choose between paying last period debt
plus interest or losing the collateral (assets and income) that are subject
to idiosyncratic shocks. Then a simple default cut-off rule emerges from
this decision. Moreover, the heterogeneity among borrowers agents ex-post
idiosyncratic shocks is circumvented assuming perfect insurance among agents
of each group.

Another important feature of the model is the monopolistic competition
banking sector. Banks offer a differentiated product (loans and deposits) and
hold market power, so they set interest rates subject to adjustment costs.
Products are presented in a Dixit-Stiglitz framework and to save (borrow) one
unit of resources agent has to deposit (lend) in every bank j in [0,1]. This is
a modeling device to capture market power by banks in a tractable manner.
We also include administrative cost to provide credit, reserve requirements,
and taxes. Government keeps the budget balance across all periods. Figure 3.1
shows the big picture of the model and its main connections.

3.1
Patient Households

Given the higher discount factor of patient agents βp, we focus on the
case which patient households are always lenders. Given the relative price of
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Chapter 3. The Analytical Framework 18

Figure 3.1: The Model - main connections

durable goods in terms of the final goods qSt , real wage W
p
t , and the interest

on deposits rdt , patient households choose a stream of nondurable goods Cp
t ,

durable goods Spt , labor Lpt , and bank deposits Dt in order to maximize

E0

∞∑
t=0

(βp)t
{

log
(

[ξ (Cp
t )σ + (1− ξ) (Spt )σ]

1
σ

)
− (Lpt )1+ϕ

1 + ϕ

}
,

with βp ∈ (0, 1), and ϕ > 0 subject to the budget constraint

Cp
t + qSt S

p
t +Dt ≤ W p

t L
p
t + qSt (1− δS)Spt−1 +

(
1 + rdt−1(1− τ p)

)
πt

Dt−1 + Tt,

where δS is the depreciation rate of durable goods, πt ≡ Pt
Pt−1

is the gross
inflation rate, and τ p is the tax rate on deposit return. Tt is composed of banks
and firms profits (excluding entrepreneurs).
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Chapter 3. The Analytical Framework 19

3.2
Impatient Households

We focus on the case in which impatient households are always borrow-
ers. They have the same utility of patient households and consume nondurable
goods, durable goods, and offer labor to entrepreneurs. Impatient households
borrow funds from banks and offer collateral such as assets and labor income
which define a borrowing constraint. In particular, labor income in the borrow-
ing constraint captures consignado credit. Furthermore, collateral is subject to
idiosyncratic shock in order to generate credit default.

Assets and labor income are offered as collateral and they are subject
to idiosyncratic shock ωIt . This is a random variable i.i.d. across time and
households that follows a c.d.f. F I(ω) over non-negative support with mean
1.1

The threshold ωIt in the equation below defines the indifference between
paying the debt plus interest rate or leaving the collateral for banks (i.e., it
defines a default cut-off rule). If ωIt < ω̄It , the impatient households default
but lose the collateral or if ωIt > ωIt impatient households pay the debt plus
interest and keep collateral. The left-hand side of equation below defines the
last period debt plus interest rate and the right-hand side denotes collateral
adjusted by idiosyncratic shock whose agent is indifferent compared to default.

(
1 + rfIt−1

)
BI
t−1

πt
= ω̄It

[
qst (1− δs)SIt−1 +W I

t L
I
t

]
,

where rfIt−1 is the last period interest rate on debt, BI
t−1 is the last period debt,

W I
t is the impatient real wage rate, LIt is the impatient labor services, and SIt

is the stock of durable goods.
We assume perfect insurance among impatient households, so the choices

of consumption, labor, credit, and default are the same for all agents. This is a
shortcut to circumvent the heterogeneity after idiosyncratic shocks realizations.
Therefore, we can deal with a representative impatient household.2

The total last period debt payment from the representative impatient
household is given by

∫ ∞
ω̄It

(
1 + rfIt−1

)
BI
t−1

πt
dF I

t (w) +
∫ ω̄It

0

{
(1− δs)qstSIt−1 +W I

t L
I
t

}
ωdF I

t (ω) =

1In particular, log(ωIt ) ∼ N(−σ
I

2 , σ
I).

2Alternatively, Carvalho et al. (2014) rule out the possibility of deviation from an
optimal decision plan under commitment by threatening to exclude from debt market in
the subsequent periods.
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Chapter 3. The Analytical Framework 20

= (1− F I
t (ω̄It ))

(
1 + rfIt−1

)
BI
t−1

πt
+
{

(1− δs)qstSIt−1 +W I
t L

I
t

}
GI
t (ω̄It ),

where
∫ ω̄It

0 ωdF I
t (ω) = GI

t (ω̄It ). The first component adjusts the debt plus
interest from those agents that do not default and the second is the collateral
from agents that default.

The representative impatient household chooses a stream of nondurable
consumption CI

t , durable consumption SIt , labor services LIt , and debt BI
t in

order to maximize

E0

∞∑
0

(
βI
)tlog

([
ξ
(
CI
t

)σ
+ (1− ξ)

(
SIt
)σ] 1

σ

)
−

(
LIt
)1+ϕ

1 + ϕ

 ,
with ϕ > 0, and subject to3

CI
t + qstS

I
t +

(
1− F I(ω̄It )

)(1 + rfIt−1)BI
t−1

πt
≤ BI

t +

+
(
1−GI(ω̄It )

) [
W I
t L

I
t + qSt

(
1− δS

)
SIt−1

]
,

and the borrowing constraint

(1 + rfIt )BI
t ≤ Et

(
1−GI(ω̄It+1)

) [
τwlW I

t L
I
t + τ sqst+1πt+1(1− δs)SIt

]
.

A fraction of impatient households loan F I
t (ω̄t) is not repaid to banks.

Consequently, the last period debt expenditure (third term of the left-hand
side of the budget constraint) considers the default. Similarly, banks seize a
fraction GI

t (ω̄t) of labor income and durable goods due to default.
The second constraint is a borrowing constraint similar to those found in

the literature (e.g., Iacoviello (2005), Gerali et al. (2010), Ferreira and Nakane
(2018)). Although, we modify it to embrace the future default possibility (term
GI(ω̄It+1)) and consignado credit in the same spirit as Carvalho et al. (2014)
and Carvalho et al. (2018). Consignado credit is captured by the labor income
in the borrowing constraint and parameters τ s and τwl are loan-to-value of
durable goods assets and labor income, respectively.

3In the budget constraint, we have to adjust the labor income and assets due to default:∫∞
0 [Collateral]ωdF It (ω)−

∫ ω̄I
t

0 [Collateral]ωdF It (ω) = [collateral]
(
1−GIt (ω̄It )

)
.
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3.3
Entrepreneurs

Entrepreneurs are also borrowers and consume final goods. They employ
labor services and capital to produce wholesale goods. They also offer capital
asset and wholesale goods income as collateral defining a borrowing constraint.
Additionally, collateral is subject to idiosyncratic shock in order to generate
credit default.

Assets and wholesale goods income are offered as collateral and they are
subject to idiosyncratic shock ωet . This is a random variable i.i.d. across time
and agents that follows a c.d.f. F e(ω) over non-negative support with mean
1.4 Similarly to impatient household problem, an entrepreneur default cut-off
rule emerges

(
1 + rfet−1

)
Be
t−1

πt
= ω̄et

[
qkt (1− δk)Kt−1 + qwt Y

e
t

]
,

where rfet−1 is the last period interest rate on debt, Be
t−1 is the last period debt,

qwt is the relative price of wholesale goods, Y e
t are the wholesale goods, and

Kt is the stock of capital. If ωet < ω̄et entrepreneur defaults but loses collateral
and if ωet > ωet entrepreneur pays the debt plus interest and keeps collateral.

Derivation steps of debt payment are the same as presented in the
impatient households problem.5 We also suppose an insurance shortcut to deal
with the heterogeneity and work with a representative entrepreneur.

The representative entrepreneur chooses a stream of nondurable con-
sumption Ce

t , capital Kt, input patient labor services Lpt , input impatient labor
services LIt , and debt Be

t in order to maximize

E0

∞∑
t=0

(βe)t log (Ce
t ) ,

subject to

Y e
t = AtK

α
t−1

[
(Lpt )θ

(
LIt
)1−θ

]1−α
,

Ce
t + qktKt+W I

t L
I
t +W p

t L
p
t + (1− F e(ω̄et ))

(1 + rfet−1)Be
t−1

πt
≤

(1−Ge(ω̄et )) qwt Y e
t + (1−Ge(ω̄et )) qkt (1− δk)Kt−1 +Be

t ,

and the borrowing constraint

(1 + rfet )Be
t ≤ Et

(
1−Ge(ω̄et+1)

) [
τ yqwt Y

e
t + τ kqkt+1πt+1(1− δk)Kt

]
.

4In particular, log(ωet ) ∼ N(−σ
e

2 , σ
e).

5See Appendix G.

DBD
PUC-Rio - Certificação Digital Nº 1912138/CA



Chapter 3. The Analytical Framework 22

The first restriction is a Cobb-Douglas production technology that com-
bines labor services (Lpt , LIt ) and capital Kt to produce wholesale goods Y e

t . At
is the level of technology and α ∈ (0, 1) is the capital share. We assume comple-
mentarity across labor types, which is governed by the parameter θ ∈ (0, 1).6

The second restriction is the budget constraint of the representative
entrepreneur. δk is the capital depreciation rate, qkt is the capital price relative
to the final good, and qwt is the relative price of the wholesale goods. We modify
it to embrace the default possibility in the same way of impatient household
constraint. A fraction of entrepreneurs loan F e

t (ω̄et ) is not repaid to banks.
Consequently, the last period debt expenditure (fifth term of the left-hand
side of the budget constraint) considers the default. Similarly, banks seize a
fraction Ge

t (ω̄et ) of wholesale goods income and capital due to default.
The third restriction is a borrowing constraint, but in this case, we

have wholesale good income pledged as collateral.7 The parameter τ y is the
wholesale good income loan-to-value and τ k is the capital loan-to-value. It is
worth emphasizing that if there is absent uncertainty, borrowing constraints
bind in the neighborhood of steady state. We assume that the shocks size are
“sufficiently small” so these constraints always bind as Iacoviello (2005) and
Gerali et al. (2010).

3.4
Loan and Deposit Demand

Households and entrepreneurs enter into deposit and loan contracts that
we assume to be a composite CES basket of differentiated products each
supplied by a bank j ∈ [0, 1]. Since we are supposing the Dixit-Stiglitz
framework, agents need to purchase deposit (loan) contracts from each bank
j with the purpose to save (borrow) one unit. As pointed out by Gerali et al.
(2010), this assumption is a modeling device to capture banking sector market
power in a tractable way. We assume that the elasticity of substitution between
deposits is εp < −1, and the elasticity between households and entrepreneurs
loan contracts are εI > 1 and εe > 1, respectively.

The demand by impatient household i ∈ [0, 1] BI
t (i) is derived by

minimizing total debt repayment for the continuum of banks j i.e., minimizing
6This complementarity is assumed in some papers (e.g., Gerali et al. (2010), Justiniano

et al. (2015), Carvalho et al. (2018)) and it keeps a constant share θ of labor income that goes
to patient households. It is a purely technical assumption, which facilitates the computation
of the model. If this is not the case, the labor supply decision of one type of household would
change the budget constraint of the other through the labor income share. See Carvalho et al.
(2018).

7The motivation behind it is purely due to the symmetry of impatient household
constraint and quantitatively does not alter significantly the amount of credit even when we
raise τy.
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∫ 1
0 r

fI
t (j)BI

t (i, j)dj subject to
[∫ 1

0 B
I
t (i, j)(ε

I−1)/εIdj
]εI/(εI−1)

≥ BI
t (i). Imposing

a symmetric equilibrium and aggregating over households, we get the aggregate
demand for loan BI

t (j) at bank j

BI
t (j) =

(
rfIt (j)
rfIt

)−εI
BI
t , and rfIt ≡

[∫ 1

0
rfIt (j)1−εIdj

] 1
1−εI

,

where BI
t is the total amount of loan to impatient household and rfIt is

the Dixit-Stiglitz average interest rate. The same procedure applies to en-
trepreneurs

Be
t (j) =

(
rfet (j)
rfet

)−εe
Be
t , and rfet ≡

[∫ 1

0
rfet (j)1−εedj

] 1
1−εe

.

The deposit demand of patient household i ∈ [0, 1] Dt(i)
is derived by maximizing total savings

∫ 1
0 r

d
t (j)Dt(i, j)dj subject to[∫ 1

0 Dt(i, j)(εp−1)/εpdj
]εp/(εp−1)

≤ Dt(i). Imposing a symmetric equilibrium
and aggregating over households, we get the aggregate demand for deposit
Dt(j) at bank j, where Dt is the impatient households total deposit amount
and rdt is the Dixit-Stiglitz average interest rate.

Dp
t (j) =

(
rdt (j)
rdt

)−εp
Dt , and rdt ≡

[∫ 1

0
rdt (j)1−εpdj

] 1
1−εp

.

3.5
Banking Sector

The banking sector is composed by monopolistic competition, banks
subject to administrative cost, reserve requirements, taxes, and credit default.
Moreover, defaulted resources received by banks are Lum-Sum payments i.e.,
banks do not take into account them when setting interest rates.

There is a continuum of banks j ∈ [0, 1] where each bank is comprised of
three branches: two retail branches that offer differentiated loan and deposit
contracts (in monopolistic competition) and one wholesale unit managing the
capital of the bank group. We separate each bank into three branches to
distinguish features of the banking sector and to facilitate exposition.8 We
focus on the symmetric equilibrium.

8Gerali et al. (2010) separating bank approach highlights how the bank capital affects
the credit spreads. In our case, we can also highlight the administrative cost in the spread
formation.
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Banks in monopolistic competition set interest rates subject to adjust-
ment costs. They also obey a balance-sheet identity and there is an optimal
leverage with quadratic cost associated with deviations from it. Furthermore,
bank capital is accumulated through retained earnings. Hence, a potential
feedback loop emerges from the real and financial side of the economy through
bank capital.

We include a reduced form banking technology to provide credit using
final goods as inputs. This is a modeling device to capture administrative cost
faced by banks.9 We also add a tax structure related to the intermediation of
funds in line with ICC spread decomposition.

We adjust bank revenue for the share of agents that default. When agents
default, banks seize the collateral and resell the assets and income to specialized
firms (recycling firms), but with a discount that acts as a recovery rate. We
model the revenue of selling these assets and income entering as a Lump-Sum
profit, but it is a limitation of our model.10

3.5.1
Wholesale Branch

Wholesale branch of bank j does not make profit and provides loan Bt(j)
and keeps reserve requirements Rt with remuneration rrt . The sources of funds
are deposit Dt(j) and bank capital Kb

t (j). Bank capital is accumulated by
retained earnings (after tax on profits τ and dividends payout db).

Kb
t (j) =

(
1− δb

) Kb
t−1(j)
πt

+ (1− db)(1− τ)
J bt−1(j)

πt
+

G(ω̄It )
{
µIs(1− δs)qstSIt−1 + µIwlW I

t L
I
t

}
+G(ω̄et )

{
µek(1− δk)qktKt−1 + µeyqwt Y

e
t

},
where δb is the physical bank capital depreciation, J bt−1 is the bank profit from
non-defaulted borrowers. The last two terms are profits from defaulted assets
and income paid by specialized firms. µIs is the durable good recovery rate, µIwl

labor income recovery rate, µek capital recovery rate, and µey is the wholesale
good income recovery rate.

9See Appendix I for an approach where we explicitly model a banking technology.
10We are unable to propose a better approach (e.g., banks taking into account the fact that

setting interest rates changes the revenue from defaulted assets). Constant recovery rate is
another limitation of our model, Becard and Gauthier (2020) propose a varying approach of
the cost to redeploy defaulted assets and estimate using US data. We left for future research
to evaluate this mechanism for the Brazilian economy. Anecdotally, the recovery rate, which
varies (e.g., depending on the state of the economy), is one of the most important variables
when a bank assesses a loan request.
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The wholesale bank j chooses Bt(j), Dt(j), Rt(j) in order to maximize
discounted sum of cash11

E0

∞∑
t=0

λp0,t

 (1 +Rb
t

)
Bt(j) + (1 + rrt )Rt(j)− (1 + rt)Dt(j)−Kb

t (j)−

κKb
2

(
Kb
t (j)

Bt(j) +Rt(j)
− νb

)2

Kb
t (j)− ηB

γ
t

 ,

subject to a balance sheet constraint

Bt(j) +Rt(j) = Dt(j) +Kb
t (j) ,

and a reserve requirements constraint

Rt(j) ≥ θdDt(j) ,

where λP0,t is the patient households discount factor, Rb
t is the wholesale loan

rate, rrt is the remuneration of reserve, κKb is leverage deviation cost parameter,
νb is the optimal leverage, η and γ are the administrative cost parameters,
and θd is the share of deposits as reserve requirements. The first constraint is
the balance-sheet identity and the second inequality is the regulatory reserve
requirements. The last one is always binding since we assume that reserve
remuneration rrt is always lower than the funding cost rt.

3.5.2
Loan Branch

The retail loan branch of bank j collects wholesale funds at Rb
t rate,

differentiates at no cost and channels these funds to impatient households and
entrepreneurs. Loan branch also pays revenue and loan amount taxes. Loan
branch j chooses household interest rate rfIt (j) and entrepreneur interest rate
rfet (j) in order to maximize

E0

∞∑
t=0

λP0,t

(1− F (ω̄It+1))(1 + rfIt (j))BI
t (j)− (1− F (ω̄It+1))τ pc,IrfIt (j)BI

t (j)−

τ iof,IBI
t (j) + (1− F (ω̄et+1))(1 + rfet (j))Be

t (j)− (1− F (ω̄et+1))τ pc,erfet (j)Be
t (j)−

τ iof,eBe
t (j)− (1 +Rb

t)Bt(j)−
κbI
2

[
rfIt (j)
rfIt−1(j)

− 1
]2

rfIt B
I
t −

κbe
2

[
rfet (j)
rfet−1(j)

− 1
]2

rfet B
e
t

,
11We assume that banks have unlimited finance at the policy rate rt, hence, by arbitrage

condition rt is funding cost rate associated with Dt(j).
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subject to

BI
t (j) =

(
rfIt (j)
rfIt

)−εIt
BI
t , Be

t (j) =
(
rfet (j)
rfet

)−εet
Be
t ,

and
BI
t (j) +Be

t (j) = Bt(j),

where τ pc,I , τ pc,e are parameters associated with revenue tax, τ iof,I , τ iof,e are the
amount taxes parameters. κbI , κbe are parameters associated with adjustment
cost of setting interest rates. We can see that revenue is adjusted for default
F (ω̄xt+1) and restrictions are Dixit-Stiglitz demands for bank j credit.

3.5.3
Deposit Branch

The deposit branch of bank j collects funds from patient households and
channels these funds to wholesale unit which remunerates them at rt. The
deposit branch chooses rdt (j) in order to maximize

E0

∞∑
t=0

λP0,t

rtDt(j)− rdt (j)Dt(j)−
κd
2

(
rdt (j)
rdt−1(j) − 1

)2

rdtDt

 ,
subject to

Dp
t (j) =

(
rdt (j)
rdt

)−εp
Dt,

where κd is the adjustment cost parameter of deposit rate.
We focus on the symmetric equilibrium and sum profits of all three

branches giving rise to total realized non-defaulted profits J bt−1 defined by

J bt−1 = BI
t−1

{
(1 + rfIt−1)

(
1− F (ω̄It )

)
− τ pc,IrfIt−1

(
1− F (ω̄It )

)
− τ iof,I − 1

}
+

Be
t−1

{
(1 + rfet−1) (1− F (ω̄et ))− τ pc,er

fe
t−1 (1− F (ω̄et ))− τ iof,e − 1

}
+

rrt−1Rt−1 − ηBγ
t−1 −

κKb
2

(
Kb
t−1

Bt−1 +Rt−1
− νb

)2

Kb
t−1−

κbI
2

[
rfIt−1

rfIt−2
− 1

]2

rfIt−1B
I
t−1 −

κbe
2

[
rfet−1

rfet−2
− 1

]2
rfet−1B

e
t−1

πt
−

κd
2

(
rdt−1
rdt−2
− 1

)2

rdt−1Dt−1.
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3.6
Recycling Firms

Recycling firms are a modeling device that prevent asset and income
destruction. Banks recover defaulted assets and income and sell them to
specialized firms (recycling firms), but with a discount rate i.e., banks face
a recovery rate µx. Banks cannot extract full value of defaulted resources, but
its value continue in the economy.

In this case, banks do not know how to use defaulted assets and income
but sell them to recycling firms. These collect and resell them according to
each borrower and charge the full price. Labor income and durable goods are
channeled to impatient households and wholesale good income and capital
to entrepreneurs. Borrowers budget constraints remain the same since they
acquire and resell these resources. All profits Lt are Lump-Sum transfers to
patient households.

Lt =G(ω̄It )
{

(1− µIs)(1− δs)qstSIt−1 + (1− µIwl)W I
t L

I
t

}
+

G(ω̄et )
{

(1− µek)(1− δk)qktKt−1 + (1− µey)qwt Y e
t

}
.

3.7
Capital Producers

Capital producers behave competitively and buy an amount of final goods
Ikt from final goods firms and the stock of undepreciated capital (1− δk)Kt−1

from entrepreneurs at the beginning of each period. The undepreciated capital
(1−δk)Kt−1 stock is transformed into new capital at no cost, but final goods are
transformed into new capital subject to quadratic adjustment costs. Finally,
the whole stock of new capital Kt is sold to entrepreneurs at qkt .

Capital producers choose new capital Kt in order to maximize

E0

∞∑
t=0

λP0,t
[
qKt (Kt − (1− δK)Kt−1)− IKt

]
,

subject to

Kt = (1− δK)Kt−1 +
1− κk

2

(
IKt
IKt−1
− 1

)2
 IKt ,

where the restriction is the capital law of motion, κk is the adjustment cost
parameter, λp0,t is the stochastic discount factor of patient households. Any
profits are transferred to patient households.

DBD
PUC-Rio - Certificação Digital Nº 1912138/CA



Chapter 3. The Analytical Framework 28

3.8
Durable Goods Producers

Durable goods producers behave competitively and buy an amount of
final goods Ist from final goods firms and the stock of undepreciated durable
goods (1 − δs)St−1 from patient and impatient households at the beginning
of each period. The undepreciated durable goods (1 − δs)St−1 stock are
transformed into new durable goods at no cost, but final goods are transformed
into new durable goods subject to quadratic adjustment costs. Finally, the
whole stock of new durable goods St is sold to patient and impatient households
at qst .

Durable goods producers choose St in order to maximize

E0

∞∑
t=0

λP0,t [qst (St − (1− δs)St−1)− Ist ] ,

subject to

St = (1− δs)St−1 +
1− κs

2

(
Ist
Ist−1
− 1

)2
 Ist ,

where the restriction is the durable good law of motion, κs is the adjustment
cost parameter, and St = Spt + SIt . Any profits are transferred to patient
households.

3.9
Retail Firms and Final Goods Producers

We assume monopolistic competition among retail firms to implement
price rigidities. The retail firms are composed of a continuum of firms m ∈
[0, 1]. Each retail firm m acquires the wholesale goods Y e

t from entrepreneurs
at Pw

t , differentiates it at no cost, and then sells it to final goods firms. The
retail firm m set price Pt(m) to maximize profits subject to the Dixit-Stiglitz
final goods producers demand. Furthermore, retail firms face quadratic price
adjustment costs that arise whenever the prices changes by more than weighted
average of past inflation and steady state inflation, with relative weights of ι
and 1− ι, respectively.

The final good producers behave competitively and aggregate at no cost
the continuum of differentiated varieties produced by retailers in a CES basket

Yt =
[∫ 1

0
Yt(m)

ε−1
ε dm

] ε
ε−1

,

where Y (m) denote each variety m, ε is the elasticity of substitution between
varieties.
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Therefore, retail firm m chooses Pt(m) in order to maximize

E0

∞∑
t=0

P0

Pt
λP0,t

Pt(m)Yt(m)− PW
t Yt(m)− κP

2

(
Pt(m)
Pt−1(m) − π

ι
t−1π̄

1−ι
)2

PtYt

 ,
subject to

Yt(m) =
(
Pt(m)
Pt

)−ε
Yt,

where Pt is the associated Dixit-Stiglitz average price, κp is the adjustment
price cost parameter, π̄ denotes the steady state inflation, and the restriction
is the demand from final good producers. Patient households receive any profits
generated from these firms as Lump-Sum transfers.

3.10
Government

The government is composed of a fiscal and a monetary (i.e., Central
Bank) authorities. The fiscal authority keeps the budget balance across all
periods and expenditures (left-hand side) equal revenue (right-hand side) in
equation below. In particular, reserve requirements resources appear in the
budget equation below since the Central Bank is responsible for it, but transfers
the burden to fiscal authority which bears the costs.

Gt + (1 + rrt−1)Rt−1

πt
=Rt + BI

t−1
πt

[
(1− F I(ω̄It ))τ pc,Ir

fI
t−1 + τ iof,I

]
+

Be
t−1
πt

[
(1− F e(ω̄et ))τ pc,er

fe
t−1 + τ iof,e

]
+ τ prdt−1

Dp
t−1
πt

+

τ

[
J bt−1
πt

+ defaulted assets banks recovery
]
.

The central bank conducts monetary policy setting interest rate accord-
ing to a Taylor rule12

(1 + rt) = (1 + r̄)1−ρ (1 + rt−1)ρ
(
πt
π̄

)φπ(1−ρ)
(
Yt
Yt−1

)φy(1−ρ)

eε
m
t ,

where r̄ and π̄ are the steady state levels of policy rate and inflation,
respectively. φπ and φy are parameters that determine the responses of interest
rates to inflation and output stabilization, respectively. εmt is the monetary
policy shock.

12The same Taylor rule of Carvalho et al. (2018) and Gerali et al. (2010).
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3.11
Market Clearing

The definition of equilibrium is standard. We assume that capital,
wholesale goods, durable goods, both types of labor markets, and recycling
defaulted assets and income markets are competitive. The market clearing
condition in final good market is

Yt =Ct + Ist + Ikt +Gt + δbKb
t−1

πt
+ ηBγ

t−1
πt

+ κP
2
(
π − πιt−1π̄

1−ι
)2
Yt

κKb
2

(
Kb
t−1

Bt−1 +Rt−1
− νb

)2
Kb
t−1
πt

+ κbI
2

[
rfIt−1(j)
rfIt−2(j)

− 1
]2
rfIt−1B

I
t−1

πt
+

κbe
2

[
rfet−1

rfet−2
− 1

]2
rfet−1B

e
t−1

πt
+ κd

2

(
rdt−1
rdt−2
− 1

)2
rdt−1Dt−1

πt
,

where Ct = Cp
t + CI

t + Ce
t is the aggregate consumption, Kb

t is the aggregate
bank capital. GDP is given by

GDPt = Ct + Ikt + Ist +Gt.

The mathematical representation of equilibrium with the set of equations
is presented in Appendix B.

3.12
Steady State

The dissertation analysis is to study the banking spread in level inspired
by ICC spread decomposition. Therefore, we focus on the steady state of the
economy which is the same approach of Souza-Sobrinho (2010).

The steady state equilibrium of the model is calculated numerically and
the whole procedure can be found in Appendix C. Below, we present the
interest rates derived from agents optimization problems. These expressions
provide intuitions about the mechanisms and are essential to understand the
quantitative analysis.13

r = (εp − 1)
εp

rd. (3-1) rd =
[

1
βp
− 1

]
1

(1− τ p) . (3-2)

Rb = r

1− θd − θ
d rr

1− θd + ηγBγ−1. (3-3)

rfI = εI

(εI − 1)
1

(1− τ pc,I)(1− F I(ω̄I))

{
Rb + τ iof,I + F I(ω̄I)

}
. (3-4)

13Variables without time notation denote its steady state.
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rfe = εe

(εe − 1)
1

(1− τ pc,e)(1− F e(ω̄e))

{
Rb + τ iof,e + F e(ω̄e)

}
. (3-5)

Following equations 3-1 and 3-2, Central Bank controls the policy rate
r and sets it consistently to zero inflation. Banks take the policy rate as
given and set deposit rate rd that takes into account not only the patient
households discount factor βp and tax on deposit return τ p, but also a
markdown associated with banking deposit market power. Deposit branches
collect funds from patient households and channel funds to the wholesale units.

In equation 3-3, the wholesale branches provide funds to loan branches
at Rb interest rate. This includes the opportunity cost of deposit facility at
Central Bank r and reserve requirements remuneration rr with both adjusted
for reserve requirements itself θd. Rb also includes the administrative marginal
cost to provide loan which captures general equilibrium effects through the
credit quantity B.

Loan branches channel funds at interest rates rfI and rfe that we see
in equations 3-4 and 3-5, respectively. These interest rates take into account
a markup associated with credit market power εx, tax on bank revenue τ pc,x

and on amount of loan τ iof,x. It also includes the cost to raise funds Rb, and
default rate F x(ω̄x). The interest rates expressions provide intuitions about the
composition of the marginal credit spreads and how each component affects
the spread formation.

The expressions below provide intuitions of how default and both types
of credit change along some dimensions.14

ω̄I =

(
1 + rfI

)
BI

[(1− δs)SI +W ILI ] . (3-6)

BI
t =

(
1−G(ω̄I)

) [τwlW ILI + τ s(1− δs)SI
]

(1 + rfI) . (3-7)

ω̄e =

(
1 + rfe

)
Be

[(1− δk)K + qwY e] . (3-8)

Be = (1−G(ω̄e))

[
τ yqwY e + τ k(1− δk)K

]
(1 + rfe) . (3-9)

The cut-off rules in 3-6 and 3-8 respond to the amount of credit plus
interest and collateral. Higher amount of credit plus interest rate and lower
collateral lead to higher default rates ceteris paribus.

14The intuitions are practically the same when we analyze the model equation, but we
present here for completeness. The model equations present other channels (e.g., asset price,
debt deflation) that will be discussed in the propagation of shocks.
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Equations 3-7 and 3-9 outline the borrowing constraint channel in which
the present value of the collateral dictates the level of credit. The lower final
bank rates and higher collateral lead to higher amount of credit ceteris paribus.
Variations of default also change the amount of credit, i.e., higher default rates
lead to stricter borrowing constraints.
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4
Steady State Quantitative Analysis

First, we calibrate the model to match Brazilian economy moments and
perform two steady state decomposition exercises. The first exercise is a com-
parison between data and model applying the ICC accounting decomposition
methodology. In the second exercise, we perform a counterfactual analysis
which consists of changing parameters values to simulate economic policies.
We then compare both decompositions in terms of spread reduction.

4.1
Calibration

We divide the calibration into four approaches and Table 4.1 summarizes
the procedure. Whenever we set a parameter to match a given moment for the
Brazilian economy, the data range interval is an average between 2011-2019.
Although, it can be shorter for some variables due to data availability. See
Appendix J for details. The time period is set to one quarter.

Literature.—In this parameter block, we follow references in the litera-
ture. We set entrepreneur discount factor βe = 0.95 which is the same used by
Ferreira and Nakane (2018) and Iacoviello (2005). The inverse of Frisch elas-
ticity is set ϕ = 1 which is within the range commonly used in the literature
specifically the same used in Carvalho et al. (2018).

Furthermore, we also set the capital share in production function α =
0.44 and elasticity of substitution between final goods ε = 6 to the same values
used in Carvalho et al. (2018).

Direct sample mean.—We directly calibrate parameters of this block. The
optimal bank leverage νb is set to match the average of the regulatory capital
to risk-weighted assets 0.17 which is close to the value of 0.16 used in Ferreira
and Nakane (2018). The dividend pay-out db is set to match dividend payout
of publicly traded financial institutions.

In the data, the share of deposit as reserve requirements θd depends on
the type of deposit. According to Banco Central do Brasil (2019a), the share
of each type of deposit as reserve requirements varies between 0.21 and 0.31,
so we set θd = 0.25.
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The recovery rates of defaulted assets µs are set to match the recovery
rate calculated by World Bank Group (2020) which is approximately 0.2. It
is worth noting two aspects. First, the World Bank Group (2020) recovery
rate calculates how many cents on the dollar secured creditors recover from an
insolvent firm at the end of insolvency proceedings which is different from our
model recovery rate. Second, the recovery rate depends on the type of loan,
but in the absence of such detailed information we set all of them equal to the
World Bank Group (2020) estimate.

We set the tax rates to match specific taxes related to the banking
intermediation of funds. The tax rates on the amount of loan τ iofs are set
to 0.0038, which is only the fixed rate of imposto sobre operações financeiras
(IOF). We do not include the daily additional tax rate since it depends on
installment. The tax rates on loan revenue τ pcs are set to match the rates of
programa de integração social (PIS) and contribuição para financiamento da
seguridade social (Cofins). The tax rate on deposit return τ p is set to 0.175
which is the rate associated with the average term of certificado de depósito
bancário (CDB). Lastly, the tax rate on bank profit τ = 0.45 is set to match
the sum of tax rates contribuição social sobre lucro líquido (CSLL) and imposto
de renda das pessoas jurídicas (IRPJ).1

Internal calibration.—We set parameters of this block using an internal
calibration approach to match Brazilian economy moments. The patient house-
hold discount factor βp = 0.994 is set to match the real return on certificado
de depósito de crédito (CDB). According to Banco Central do Brasil (2019a),
the reserve requirements remuneration is the same of the funding, then we
set rr = rd = 0.0075. We also set rrt = rdt ∀t to guarantee that the reserve
requirements constraint in the wholesale branch problem is always binding.

Regarding impatient household discount factor, we set βI = 0.925 to
match the nonearmarked household credit-to-GDP. The household borrowing
constraint does not bind when we analyze the propagation of shocks with
higher values.

The weight of nondurable goods in the utility function ξ = 0.5 and the
share of patient household in the production function θ = 0.5 are set to match
the nonearmarked household credit-to-GDP.

The capital depreciation parameter δk = 0.0295 is set to match the
investment-to-GDP. In the absence of similar information regarding the pro-
duction of durable goods, we set δs = δk.

1Likewise administrative cost parametrization, another possibility is to match expendi-
tures with these accounts from the financial institution balance sheets (COSIF). However,
we have no access to the detail accounts level required.
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Table 4.1: Calibration
Description Value Target/Source

1 - Literature
Entrepreneur discount factor βe 0.95 Iacoviello (2005)
Inverse of Frisch elasticity ϕ 1 Carvalho et al. (2018)
Elasticity between durable and nondurable goods 1

1−σ σ 0 Carvalho et al. (2018)
Capital share in production function α 0.44 Carvalho et al. (2018)
Elasticity of substitution - final good ε 6 Carvalho et al. (2018)
2 - Direct sample mean
Optimal bank leverage νb 0.17 Regulatory leverage
Dividend pay-out db 0.4648 Payout - Bloomberg
Share of deposit as reserve requirement θd 0.25 Banco Central do Brasil (2019a)
Labor income and durable good recovery rate µIwl;µIs 0.2 World Bank Group (2020)
Intermediate good income and capital recovery rate µey;µek 0.2 World Bank Group (2020)
Tax rate on impatient and entrepreneur loan τ iof,I , τ iof,e 0.0038 IOF
Tax rate on loan revenue τ pc,I , τ pc,e 0.0465 PIS/Cofins
Tax rate on return of deposit τ p 0.175 IR
Tax rate on bank profit τ 0.45 CSLL/IRPJ
3 - Internal calibration
Patient discount factor βp 0.994 rd (CDB)
Reserve requirements remuneration rr 0.0075 rd

Impatient discount factor βI 0.925 BI

4GDP

Weight of the nondurable good in the Utility Function ξ 0.5 BI

4GDP

Share of patient in the production function θ 0.5 BI

4GDP

Capital depreciation δk 0.0295 Ik

GDP

Durable good depreciation δs 0.0295 δk

Impatient idiosyncratic shock - standard deviation σI 0.562 F I(ω̄I)
Entrepreneur idiosyncratic shock - standard deviation σe 0.921 F e(ω̄e)
Elasticity of substitution - impatient loan εI 2.17 rfI(ICC)
Elasticity of substitution - entrepreneur loan εe 25 rfe (ICC); REB adm. cost
Elasticity of substitution - deposit εp -3.95 r − rd: Deposit markdown
Scale of administrative cost function η 0.0123 rfe (ICC); REB adm. cost
Convexity of administrative cost function γ 1.005 rfe (ICC); REB adm. cost

Loan-to-value of labor income τWL 0.414 BI

4GDP

Loan-to-value of durable good τS 0.224 BI

4GDP

Loan-to-value of wholesale income τY 0.01 Be

4GDP

Loan-to-value capital τK 0.086 Be

4GDP

4 - Dynamics
Deposit rate adjustment cost κd 3.5 Gerali et al. (2010)
Household rate adjustment cost κbH 0.16 Ferreira and Nakane (2018)
Entrepreneur rate adjustment cost κbe 0.28 Ferreira and Nakane (2018)
Banks leverage cost κKb 22.96 Ferreira and Nakane (2018)
Adjustment cost - capital and durable good κk, κs 2.53 Carvalho et al. (2018)
Price adjustment cost - final good κP 50 Carvalho et al. (2018)
Interest smoothing parameter ρ 0.79 Carvalho et al. (2018)
Steady state inflation weight - indexation ι 0.158 Carvalho et al. (2018)
Response to output in Taylor rule φy 0.16 Carvalho et al. (2018)
Response to inflation in Taylor rule φπ 2.43 Carvalho et al. (2018)
AR(1) technology autocor. coeficient ρa 0.91 Carvalho et al. (2018)

Notes: See Appendix J for details.
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Regarding the parameters associated with the distribution of the idiosyn-
cratic shocks, we set σI = 0.562 and σe = 0.921 to match default rates of each
type of nonearmarked credit-to-GDP.

Deposit market elasticity εp = −3.95 is set to match the deposit
markdown with respect the policy rate. Regarding the entrepreneur loan
market elasticity εe = 20 and administrative cost parameters η = 0.013; γ =
1.05, they are set jointly to match nonearmarked corporate ICC and ICC
administrative cost share spread in Banco Central do Brasil (2019b). We adopt
this procedure since entrepreneur credit rate rfe is sensitive to administrative
cost parameters. The elasticity of household loan market εI = 2.17 is set to
match nonearmarked household ICC.

We set the loan-to-value of durable good τ s = 0.224 and labor income
τwl = 0.414 to match nonearmarked household credit-to-GDP.2 Correspond-
ingly, the loan-to-value of capital τ k = 0.086 and wholesale income τ y = 0.01
are set to match nonearmarked corporate credit-to-GDP. We cannot match
credit linked with durable goods/capital and other types of credit individually
as in Carvalho et al. (2018). In our model, most of credit is link to durable
goods/capital.3

Dynamics.—Finally, the calibration approach of the last block is the same
of the literature group, but we separate it since these parameters only matter
when analyzing the propagation of shocks in Appendix F.

Table 4.2 shows a comparison between data and model moments.4 The
model moments are quite close to the data counterpart with two exceptions:
entrepreneur credit rate rfe and ICC administrative cost share. When we
improve the first moment, the other gets worse and vice versa.

The second block of Table 4.2 displays spreads and banking depreciation
not explicitly targeted in calibration. Nonearmarked ICC spreads are close to
the credit spreads implied by model, but differences arise due to funding rate
r. We use the SELIC rate and BCB the swap DIxPre rate.

The banking physical depreciation δb is not a free setting parameter. It is
implied by the model when we set banking optimal leverage νb. The quarterly
rate of 3.39 is high, but we are not able to improve this result.5

2Souza-Sobrinho (2010) faced the same problem of matching such high bank rates with
“high” credit-to-GDP ratios, but his priority is to match the quantity ratios and let the
spread be one-third lower than in the data.

3Carvalho et al. (2018) used nonearmarked corporate credit even though their firm
borrowing constraint has only capital. In our framework, we add wholesale income in the
borrowing constraint, but with a low τy value (it has negligible impact even if set higher
values).

4We compare our model only with non-earmarked credit i.e., financing and loans in which
rates and destination are freely negotiated between financial institutions and borrowers.

5In Gerali et al. (2010), δb = 0.1049 measures resources used up in managing bank capital
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Table 4.2: Steady State Properties - Model vs Data
Steady State Variables Model Data

Nonearmarked corporate credit-to-GDP (entrep.) Be

4GDP 12.40 12.40

Nonearmarked household credit-to-GDP (imp.) BI

4GDP 13.28 13.28

Investment-to-GDP Ik

GDP
17.85 17.85

Deposit spread r − rd 0.19 0.19
Nonearmarked corporate ICC (entrep.) rfe 3.88 3.64
Nonearmarked household ICC (imp.) rfI 7.95 7.95
Nonearmarked corporate default (entrep.) F e(ω̄e) 0.89 0.89
Nonearmarked household default (imp.) F I(ω̄I) 1.41 1.41

REB administrative cost share of ICC spread
ηBγ

B
rfIBI+rfeBe

B
−r

24.48 27

Untargeted moments and not free setting parameter
Nonearmarked corporate ICC spread (entrep.) rfe − r 2.91 2.91
Nonearmarked household ICC spread (imp.) rfI − r 6.94 7.7
Banking physical depreciation δb 3.39

Notes: Spreads, rates, and default in percentage points (quarterly). Ratios in percent.

4.2
ICC Accounting Spread Decomposition

In this exercise, we adapt and apply the Banco Central do Brasil (2017)
ICC accounting methodology to decompose banking spread and compare
model with Brazilian economy. This analysis can be thought of as an un-
targeted moments evaluation except for the administrative cost share since we
used it as a moment target in calibration. It is like a “picture” of the baseline
equilibrium.

Banco Central do Brasil (2017) proposes a methodology to decompose
ICC from accounting information of financial institutions. The ICC decom-
position separates and measures each component share size (funding, default,
tax, administrative, and costs related to bank market power/financial margin)
from financial intermediaries balance sheet i.e., an accounting methodology. We
adapt the ICC spread decomposition methodology and apply it to our model
steady state.6 Administrative cost share is already used in the calibration step
as a moment target, then we assess the rest of shares.

Figures 4.1 and 4.2 display implied decomposition by model and Banco

and includes administrative costs that we explicitly separated and modeled.
6See Appendix D for procedure details. Fundo Garantidor de Crédito (FGC) is not

considered since it represents less than 1% of credit spread share.
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Central do Brasil (2019b) decomposition, respectively. Overall, the model
performs relatively well, and the financial margin shares are practically the
same.

Figure 4.1: Model Figure 4.2: Banco Central do Brasil
(2019b) - nonearmarked credit

We can see that the major sources of discrepancy between the two pie
charts are the tax and default shares. General limitations can be the cause
behind these differences: limitations of adapting the methodology to a steady
state, and only one type of credit to each borrower (BCB considers many
types of credit). Regarding specific limitations of adapting the tax share, we
can point out the different calculation bases for each tax that is difficult to
replicate in our model.

4.3
Counterfactual Analysis

In Counterfactual Analysis, we simulate economic policies aiming at
banking spread reduction through parameter alterations and evaluate the
new steady state compared to baseline. It is like a comparison between two
“pictures”.7 Then, we compare accounting and counterfactual decompositions
in terms of spread reduction, but it is worth emphasizing that the former
assesses spread formation in baseline and the latter evaluates steady state
changes.

Counterfactual results suggest that reducing administrative cost is the
most effective way of diminishing entrepreneur spread (1.35 p.p. quarterly or
46% decrease compared to baseline). The household spread reduction is greater
when we increase competition in the banking sector (3.77 p.p. quarterly or 54%
decrease compared to baseline). Furthermore, results also suggest some careful

7We leave for future research to investigate the transition between steady states.
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actions by policy makers only supported by ICC accounting decomposition
without an economic model underpinning the analysis.

Table 4.3 summarizes the cases in which we turn off features of banking
spreads individually.8 Each column represents a new equilibrium with the
baseline in the first one and macroeconomic variables characterizing the
equilibrium are presented in the lines. Furthermore, we indicate agents welfare
changes relative to baseline. Steady state expressions 3-1 to 3-9 provide
intuitions behind the results.

Table 4.3 column 3 shows the absence of taxation case (No tax) which
we set ∀τx = 0. It is the only case that decreases deposit return rd by 0.13 p.p.
due to τ p = 0. Revenue and quantity taxes directly increase final borrowers
interest rates and zero bank profit tax induces a patient household dividends
increase and higher banking depreciation.9 Overall, spreads decrease, credits
increase, and the default impacts are almost zero. This is the only case where all
households and entrepreneurs are better off since more resources are available
for private consumption and less labor is required.

Table 4.3 column 4 shows the absence of financial margin case (No fin.
margin) in which we set ∀εx = ±∞. Impatient household spread reduction
of 3.77 p.p. is more than half of baseline while entrepreneur spread decline of
0.22 p.p. is less significant. In this case, the markup amplification due to bank
market power on final credit rates is undone, especially the household interest
rate rfI . rfI reduction is behind the 15% household credit-to-GDP expansion
as denoted by the borrowing constraint. Entrepreneur credit-to-GDP is almost
the same.

Table 4.3 column 5 presents the case in which banks are not subject
to administrative cost (No adm. cost) with η = 0. Wholesale interest rate
Rb declines and it further reduces final bank rates rfe and rfI since markups
amplifications of financial margin are undone. It suggests that reducing admin-
istrative cost is the most effective way of cutting entrepreneur final bank rate
(1.36 p.p.) and spread (1.35 p.p.). However, it is not possible to meaningfully
increase both types of credit-to-GDP and generate default variations. Inter-
estingly, the absence of administrative cost and taxation do not improve the
banking sector profits. Lower final bank rates are not compensated for lower
costs and higher credit quantities.

Table 4.3 columns 2 (No remun.) and 3 (No reserve) display lower impacts
on credit spreads. Furthermore, 100% recovery on column 7 reveals our default
modeling limitations as interest rates changes are negligible since defaulted

8See Appendix E for combinations of it.
9Zero profit tax leads to higher dividends and retained bank capital. Therefore, bank

depreciation rise to keep the optimal leverage νb.
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resourced are Lump-Sum profits. See Appendix H for an alternative default
modelling approach following Carvalho et al. (2014) and Darracq Pariès et al.
(2010).

Table 4.3 suggests that household spread reduction is greater when we
increase competition in the banking sector. Furthermore, reducing administra-
tive cost is the most effective way of diminishing entrepreneur spread and it is
also capable of diminishing household spread in a meaningful way. World Bank
(2018) provides empirical evidence behind our results. In that analysis, they
point administrative cost (overhead cost) as one of the leading components
of the banking spread (net interest margin). For instance, administrative cost
accounts for 4.3% of total assets in Brazil, compared to a median of 2.9% in
peer countries.

A comparison between decompositions is presented in Table 4.4. We
compare both decompositions in terms of spread reduction specifically the
accounting shares implied by model and calculated by BCB with the spread
reduction compared to baseline in counterfactual. We note that the tax
component in accounting exercises is overestimated when we compared to
counterfactual. On the other hand, administrative cost and financial margin
are underrated with the latter presenting a meaningful difference. These
results suggest some careful actions by policy makers only supported by
ICC accounting decomposition without an economic model underpinning the
analysis.

Table 4.4: Accounting vs Counterfactual
Accounting Counterfactual

BCB Model
Tax 22 30 19
Adm. cost 27 24 39
Financial margin 20 21 43

Notes: % shares and % spread decrease compared to
baseline

Following the quantitative results, we highlight limitations and patterns
in our theoretical framework. It is suggested in all decompositions exercises
that administrative cost is an important ingredient of the spread formation and
it is relevant to reduce banking spreads. However, the marginal administrative
cost to provide credit does not play a significant role as evidenced by wholesale
rate Rb direction changes.10 Following Equation 3-3 and administrative cost

10In a preliminary version of the model, we explicitly develop a banking technology using
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parameters values (η > 0 and γ > 1), a given credit quantity B rise leads to
higher administrative marginal cost and higher Rb. Excluding Table 4.3 second
column, Rb decreases despite credit B rise. Therefore, other channels prevails
on abating Rb against the upward effect through the administrative marginal
cost.

Another pattern of the counterfactual decomposition is somewhat related
to the findings of Carvalho et al. (2018) using the same model core structure.
Labor of impatient and patient households move in opposite ways in most
of exercises. Hence, impatient households better financial conditions permit
higher consumption and lower labor, meanwhile patient households labor
increases, despite higher durable and non-durable goods consumption of both
households.

The model is not capable of generating higher ratios of credit-to-GDP,
especially entrepreneur credit. The smaller entrepreneur credit rate rfe reduc-
tions have less impact in the borrowing constraint (Equation 3-9). Therefore,
entrepreneur credit expansions are limited comparing with household credit.
The other minor reason behind this limitation is GDP and credit moving in
the same direction which prevents the ratio alterations.

A theoretical framework limitation is the negligible impact on defaults
that pervade counterfactual analysis, despite our modeling attempts.11 Equa-
tions 3-6 to 3-9 provide intuition about two effects behind the result. The
default cut-off rules 3-6 and 3-8 numerators terms credit bank rates and credit
move in opposite ways through the asset pricing channel underpinning by bor-
rowing constraints (equations 3-7 and 3-9). This first numerator effect presents
credit quantities changes that dominate bank rates changes. The second effect
of cut-off rules concerns the denominator (collateral) moving in the same di-
rection of numerator (credit plus interest) since more collateral expands the
borrowing capacity. Overall, default cut-offs ω̄I and ω̄e exhibit muted varia-
tions since more debt (credit plus interest) encourages more default, but higher
collateral disincentivizes it. In the case of households spread reductions, the
second effect dominates (default decreases), but the other way round for en-
trepreneurs (default increases).

capital and labor as inputs. The intuitions behind the counterfactual results are similar to
our reduced form administrative cost. See Appendix I.

11See Appendix H.
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5
Conclusion

In this dissertation we study and decompose the banking spread accord-
ing to the ICC decomposition with the support of a structural macroeconomic
model. We utilize a DSGE with financial friction characterized by endogenous
default, administrative cost, tax, and monopolistic competition. Our approach
is different from most of studies.

Our quantitative findings reveal that reducing administrative cost is the
most effective way of diminishing firms spread while households spread re-
duction is greater when banking sector competition is increased. Furthermore,
results suggest some careful actions by policy makers only supported by ICC
accounting decomposition without an economic model underpinning the anal-
ysis. Nevertheless, our study still leaves room for further research questions.

We deal with heterogeneity ex-post idiosyncratic shocks imposing a
short cut and working with representative agents. A possible research path
is studying banking spread with real heterogeneous agents which could deliver
new insights and answers to different questions.

A limitation to our model is the recovery of defaulted resources by banks
as Lump-Sum profits. Therefore, banks do not take into account recovery of
defaulted resources when setting interest rates. A potential improvement of our
model could be the recovery rate by banks directly influencing their interest
rates.

Another important line of investigation refers to propagation of shocks,
but with a model including sticky wages, habit formation, and variable capital
utilization as Gerali et al. (2010).
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A
Economic Spread Decomposition

In this exercise, we evaluate the composition of banking spread in
baseline calibration with the direct support of the steady state expressions
3-1 to 3-5. We use interest rates from agents optimal decisions to decompose
spread into outside and inside shares. Inside share considers components
that internally arise in the banking sector and includes administrative cost,
reserve requirements, and the remuneration associated with it. Outside share
contains taxes, banking market power (financial margin), and default. In this
decomposition, we focus on the steady state of baseline calibration and it is
like a “picture” of the equilibrium. Expressions below show how we calculate
each share.

Inside share = Rb − r
rfx − r

.

Outside share =

[
rfx −Rb

]
rfx − r

.

We calculate and display each share for impatient household spread in
Figure A.1, entrepreneur spread in Figure A.2, and average spread weighted
by credit in Figure A.3. Folowing Equation 3-3, we calculate components in
Rb and conclude that the bulk of inside share is the (marginal) administrative
cost.

Regarding the spread composition of the two types of credit, the inside
share of household spread (19%) represents less than half of entrepreneur
spread (44%). This indicates that (marginal) administrative cost share is
one of the most important components of entrepreneur spread, but not so
representative for household spread in the baseline equilibrium.
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Appendix A. Economic Spread Decomposition 47

Figure A.1: Impatient household Figure A.2: Entrepreneur

Figure A.3: Total
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B
Equilibrium Equations

B.1
Patient Households

ξ(Cp
t )σ−1

ξ(Cp
t )σ + (1− ξ)(Spt )σ = Etβ

p ξ(Cp
t+1)σ−1

ξ(Cp
t+1)σ + (1− ξ)(Spt+1)σ

(1 + rdt (1− τ p))
πt+1

(B-1)
(Lpt )ϕ
W p
t

= ξ(Cp
t )σ−1

ξ(Cp
t )σ + (1− ξ)(Spt )σ (B-2)

(1− ξ)(Spt )σ−1

ξ(Cp
t )σ + (1− ξ)(Spt )σ + Etβ

p ξ(Cp
t+1)σ−1qst+1(1− δs)

ξ(Cp
t+1)σ + (1− ξ)(Spt+1)σ = ξ(Cp

t )σ−1

ξ(Cp
t )σ + (1− ξ)(Spt )σ q

s
t

(B-3)

B.2
Impatient Households

ΛI
t is the Lagrange multiplier associated to the impatient households

borrowing constraints

ξ(CI
t )σ−1

ξ(CI
t )σ + (1− ξ)(SIt )σ =EtβI

ξ(CI
t+1)σ−1

ξ(CI
t+1)σ + (1− ξ)(SIt+1)σ

(1− F (ω̄It+1))(1 + rfIt )
πt+1

+

+ (1 + rfIt )ΛI
t

(B-4)

(LIt )ϕ
W I
t

=
ξ(CI

t )σ−1
[
1−G(ω̄It )

]
ξ(CI

t )σ + (1− ξ)(SIt )σ + ΛI
t τ

wlEt
[
1−G(ω̄It+1)

]
(B-5)

qst =(1− ξ)
ξ

(
SIt
)σ−1

(CI
t )σ−1 + βIEt

ξ(CIt+1)σ−1

ξ(CIt+1)σ+(1−ξ)(SIt+1)σ

ξ(CIt )σ−1

ξ(CIt )σ+(1−ξ)(SIt )σ

[
1−G(ω̄It+1)

]
qst+1(1− δs)+

+ EtΛI
t τ

s

[
1−G(ω̄It+1)

]
qst+1πt+1(1− δs)

ξ(CIt )σ−1

ξ(CIt )σ+(1−ξ)(SIt )σ

(B-6)(
1 + rfIt−1

) BI
t−1
πt

= ω̄It
[
qst (1− δs)SIt−1 +W I

t L
I
t

]
(B-7)
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(1 + rfIt )BI
t = Et

(
1−G(ω̄It+1)

) [
τwlW I

t L
I
t + τ sqst+1πt+1(1− δs)SIt

]
(B-8)

CI
t + qstS

I
t +

(
1− F (ω̄It )

)(1 + rfIt−1)BI
t−1

πt
= BI

t +

+
(
1−G(ω̄It )

) [
W I
t L

I
t + qSt

(
1− δS

)
SIt−1

] (B-9)

B.3
Entrepreneur

1 = Etβ
e C

e
t

Ce
t+1

(1− F e(ω̄et+1))(1 + rfet )
πt+1

+ Λe
tC

e
t (1 + rfet ) (B-10)

W p
t = (1−G(ω̄et )) qwt (1− α)θY

e
t

Lpt
+ Λe

tC
e
tEt

(
1−G(ω̄et+1)

)
τ yqwt (1− α)θY

e
t

Lpt
(B-11)

W I
t = (1−G(ω̄et )) qwt (1−α)(1−θ)Y

e
t

LIt
+Λe

tC
e
tEt

(
1−G(ω̄et+1)

)
τ yqwt (1−α)(1−θ)Y

e
t

LIt
(B-12)

qkt = βeEtq
w
t+1α

Y e
t

Kt

[ (
1−G(ω̄et+1)

) Ce
t

Ce
t+1

+ Λe
tC

e
t τ

y
]
+

+ βeEt
Ce
t

Ce
t+1

(
1−G(ω̄et+1)

)
(1− δk)qkt+1 + Λe

tC
e
t τ

kEt
[
πt+1

(
1−G(ω̄et+1)

)
(1− δk)qkt+1

]
(B-13)(

1 + rfet−1

)
Be
t−1

πt
= ω̄et

[
qkt (1− δk)Kt−1 + qwt Y

e
t

]
(B-14)

Ce
t + qktKt+W I

t L
I
t +W p

t L
p
t + (1− F (ω̄et ))

(1 + rfet−1)Be
t−1

πt
=

(1−G(ω̄et )) qwt Y e
t + (1−G(ω̄et )) qkt (1− δk)Kt−1 +Be

t

(B-15)

(1 + rfet )Be
t = Et

(
1−G(ω̄et+1)

) [
τ yqwt Y

e
t + τ kqkt+1πt+1(1− δk)Kt

]
(B-16)

Y e
t = AtK

α
t−1

[
(Lpt )θ

(
LIt
)1−θ

]1−α
(B-17)
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B.4
Banking Sector

Bt +Rt = Dt +Kb
t (B-18)

Rt = θdDt (B-19)

Kb
t =

(
1− δb

) Kb
t−1
πt

+ (1− db)(1− τ)
J bt−1
πt

+

G(ω̄It )
{
µIs(1− δs)qstSIt−1 + µIwlW I

t L
I
t

}
+G(ω̄et )

{
µek(1− δk)qktKt−1 + µeyqwt Y

e
t

}
(B-20)

Rb
t = rt

(1− θd) − θ
d rrt
(1− θd) − κkb

(
Kb
t

Bt +Rt

− νb
)(

Kb
t

Bt +Rt

)2 1
(1− θd) + ηγBγ−1

t

(B-21)

−1 + εpt − εpt
rt
rdt
− κd

(
rdt
rdt−1
− 1

)
rdt
rdt−1

+ βPEt

λ
P
0,t+1

λP0,t
κd

(
rdt+1
rdt
− 1

)(
rdt+1
rdt

)2
Dt+1

Dt

 = 0

(B-22)

(1− εIt )
[
Et(1− F (ω̄It+1)))(1− τ pc,I)

]
+ εIt
rfIt

[
τ iof,I − Et(1− F (ω̄It+1)) + (1 +Rb

t)
]
−

κbI

(
rfIt

rfIt−1
− 1

)
rfIt

rfIt−1
+ βPEt

λ
P
0,t+1

λP0,t
κbI

(
rfIt+1

rfIt
− 1

)(
rfIt+1

rfIt

)2
BI
t+1
BI
t

 = 0

(B-23)

(1− εet )
[
Et(1− F (ω̄et+1)))(1− τ pc,e)

]
+ εet
rfet

[
τ iof,e − Et(1− F (ω̄et+1)) + (1 +Rb

t)
]
−

κbe

(
rfet

rfet−1
− 1

)
rfet

rfet−1
+ βPEt

λ
P
0,t+1

λP0,t
κbe

(
rfet+1

rfet
− 1

)(
rfet+1

rfet

)2
Be
t+1
Be
t

 = 0

(B-24)

J bt−1 = BI
t−1

{
(1 + rfIt−1)

(
1− F (ω̄It )

)
− τ pc,IrfIt−1

(
1− F (ω̄It )

)
− τ iof,I − 1

}
+

+Be
t−1

{
(1 + rfet−1) (1− F (ω̄et ))− τ pc,er

fe
t−1 (1− F (ω̄et ))− τ iof,e − 1

}
+

+ rrt−1Rt−1 − ηBγ
t−1 − 4 adjusment costs

(B-25)

Bt = BI
t +Be

t (B-26)
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rdt = rrt (B-27)

B.5
Capital and Durable Good Producer

qkt

1− κk
(
Ikt
Ikt−1
− 1

)
Ikt
Ikt−1
− κk

2

(
Ikt
Ikt−1
− 1

)2
+Etqkt+1κk

(
Ikt+1
Ikt
− 1

)(
Ikt+1
Ikt

)2

βp
λP0,t+1

λP0,t
= 1

(B-28)

Kt = (1− δk)Kt−1 +
1− κk

2

(
Ikt
Ikt−1
− 1

)2
 Ikt (B-29)

qst

1− κs
(
Ist
Ist−1
− 1

)
Ist
Ist−1
− κs

2

(
Ist
Ist−1
− 1

)2
+Etqst+1κs

(
Ist+1
Ist
− 1

)(
Ist+1
Ist

)2

βp
λP0,t+1

λP0,t
= 1

(B-30)

St = (1− δs)St−1 +
1− κs

2

(
Ist
Ist−1
− 1

)2
 Ist (B-31)

B.6
Retail Firms

(1− ε) + εqwt − κp
(
πt − πιt−1π̄

1−ι
)
πt + βpEt

[
λP0,t+1

λP0,t
πt+1(πt+1 − πιtπ̄1−ι)Yt+1

Yt

]
(B-32)

B.7
Government

Gt + (1 + rrt−1)Rt−1

πt
=Rt + BI

t−1
πt

[
(1− F I(ω̄It ))τ pc,Ir

fI
t−1 + τ iof,I

]
+

Be
t−1
πt

[
(1− F e(ω̄et ))τ pc,er

fe
t−1 + τ iof,e

]
+ τ prdt−1

Dp
t−1
πt

+

τ

[
J bt−1
πt

+ defaulted assets banks recovery
]
.

(B-33)

(1 + rt) = (1 + r̄)1−ρ (1 + rt−1)ρ
(
πt
π̄

)φπ(1−ρ)
(
Yt
Yt−1

)φy(1−ρ)

eε
m
t (B-34)
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B.8
Recycling Firms

Lt =G(ω̄It )
{

(1− µIs)(1− δs)qstSIt−1 + (1− µIwl)W I
t L

I
t

}
+

+G(ω̄et )
{

(1− µek)(1− δk)qktKt−1 + (1− µey)qwt Y e
t

} (B-35)

B.9
Market Clearing and Exogenous Process

Yt =Ct + Ist + Ikt +Gt + δbKb
t−1

πt
+ ηBγ

t−1
πt

+ κP
2
(
π − πιt−1π̄

1−ι
)2
Yt

κKb
2

(
Kb
t−1

Bt−1 +Rt−1
− νb

)2
Kb
t−1
πt

+ κbI
2

[
rfIt−1(j)
rfIt−2(j)

− 1
]2
rfIt−1B

I
t−1

πt
+

κbe
2

[
rfet−1

rfet−2
− 1

]2
rfet−1B

e
t−1

πt
+ κd

2

(
rdt−1
rdt−2
− 1

)2
rdt−1Dt−1

πt

(B-36)

St = Spt + SIt (B-37)

Ct = Cp
t + CI

t + Ce
t (B-38)

GDPt = Ct + Ikt + Ist +Gt (B-39)

At = ρaAt−1 + εat (B-40)
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C
Steady State

The steady state of the model is calculated numerically1.

A = 1, π = 1, qs = 1, qk = 1, qw = (ε− 1)
ε

rd =
[

1
βp
− 1

]
1

(1− τ p) , r = (εp − 1)
εp

rd

First Step: Guess both types of credit Bguess = BI
guess +Be

guess

Rb = r

1− θd − θ
d rr

1− θd + ηγBγ−1
guess

Second Step: Given the first guess, guess both cut-offs ω̄Iguess, ω̄eguess

rfI = εI

(εI − 1)
1

(1− τ pc,I)(1− F I(ω̄Iguess))

{
Rb + τ iof,I + F I(ω̄Iguess)

}

rfe = εe

(εe − 1)
1

(1− τ pc,e)(1− F e(ω̄eguess))

{
Rb + τ iof,e + F e(ω̄eguess)

}

Ae = ΛeCe = 1
1 + rfe

− βe(1− F e(ω̄eguess))

Y

K
=

1− βe(1−Ge(ω̄eguess))(1− δk)− Aeτ k(1−Ge(ω̄eguess))(1− δk)
βeqwα[(1−Ge(ω̄eguess)) + τ yAe

K

L
=
(
Y

AK

) 1
α−1

,
Y

L
= A

(
K

L

)α
,

Ik

L
= δk

K

L

Be

L
=

(1−Ge(ω̄eguess))
1 + rfe

[
τ k(1− δk)K

L
+ τ yqw

Y

L

]

ω̄eimplicit = (1 + rfe)Be/L

(1− δk)K/L+ qwY/L

Xp = W pLp

L
= (1−Ge(ω̄eguess))qw(1−α)θY

L
+Ae(1−Ge(ω̄eguess))τ yqw(1−α)θY

L

1Variable without time notation means steady state.
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XI = W ILI

L
= (1−Ge(ω̄eguess))qw(1−α)(1−θ)Y

L
+Ae(1−Ge(ω̄eguess))τ yqw(1−α)(1−θ)Y

L

Ce

L
=B

e

L
+ (1−Ge(ω̄eguess))qw

Y

L
+ (1−Ge(ω̄eguess))(1− δk)

K

L
− K

L
−

−XI −Xp − (1− F e(ω̄eguess))(1 + rfe)B
e

L

AI = ΛI

ξ(Cp)σ−1

ξ(Cp)σ+(1−ξ)(Sp)σ
= 1

(1 + rfI) − β
I(1− F I(ω̄Iguess))

CI

L
=

XI(1−GI(ω̄Iguess))
[
1− τwl((1−F I(ω̄Iguess))(1+rFI−1)

1+rfI

]
1 +

[
ξ

1−ξ

(
1− βI(1−GI(ω̄Iguess))(1− δs)− τ sAI(1−GI(ω̄Iguess))(1− δs)

)] 1
σ−1

1
1− (1−GI(ω̄Iguess)) + τ s(1− δs) (1−GI(ω̄Iguess))

1+rfI
(
(1− F I(ω̄Iguess))(1 + rfI)− 1

)

SI

L
= CI

L

[
ξ

1− ξ
(
1− βI(1−GI(ω̄Iguess))(1− δs)− τ sAI(1−GI(ω̄Iguess))(1− δs)

)] 1
1−σ

BI

L
=

(1−GI(ω̄Iguess))
1 + rfI

[
τwlXI + τ s(1− δs)S

I

L

]

ω̄Iimplicit = (1 + rfI)BI/L

(1− δs)SI/L+XI

Third Step: Verify if ω̄Iimplicit = ω̄Iguess and ω̄eimplicit = ω̄eguess. Continue if
conditions are satisfied or return to the second step if at least one is invalid.

ω̄I = ω̄Iimplicit = ω̄Iguess

ω̄e = ω̄eimplicit = ω̄eguess

Calculating δb requires defining the collateral in terms of credit guesses
due to the non-linearity of the administrative cost.

T1 = (1− δs)SI =
(1 + rfI)BI

guess

[
ω̄I − (1−GI(ω̄I))τwl

]
ω̄I(1−GI(ω̄I))(τ s − τwl)

T2 = W ILI =
(1 + rfI)BI

guess

[
(1−GI(ω̄I))τ s − ω̄I

]
ω̄I(1−GI(ω̄I))(τ s − τwl)

T3 = (1− δk)K =
(1 + rfe)Be

guess [ω̄e − (1−Ge(ω̄e))τ y]
ω̄e(1−Ge(ω̄e))(τ k − τ y)

T4 = qwY =
(1 + rfe)Be

guess

[
(1−Ge(ω̄e))τ k − ω̄e

]
ω̄e(1−Geω̄e))(τ k − τ y)
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δb = (1− db)(1− τ)
νbBguess

(
1 + θd(1−νb)

1−θd+νbθd
)


BI
guess

[
(1 + rfI)(1− F I(ω̄I))− τ pc,IrfI(1− F I(ω̄I))− τ iof,I − 1

]
+

+Be
guess

[
(1 + rfe)(1− F e(ω̄e))− τ pc,erfe(1− F e(ω̄e))− τ iof,e − 1

]
+

+ rr
θd(1− νb)

1− θd + νbθd
Bguess − ηBγ

guess − rd
(1− νb)Bguess

1− θd + νbθd
+

+GI(ω̄I)
(
µIsT1 + µIwlT2

)
+Ge(ω̄e)

(
µekT3 + µeyT4

)

D

L
= (1− νb)

1− θd + νbθd
B

L

R

L
= θd

D

L

Kb

L
= νb

(
B

L
+ R

L

)

J b

L
= δb

(1− θd)(1− τ)
Kb

L
−GI(ω̄I)

(
µIs(1− δsS

I

L
+ µIwlXI

)
−

−Ge(ω̄e)
(
µek(1− δk)K

L
+ µey

qwY

L

)
ηBγ

L
=B

I

L

[
(1 + rfI)(1− F I(ω̄I))− τ pc,IrfI(1− F I(ω̄I))− τ iof,I − 1

]
+

+ Be

L

[
(1 + rfe)(1− F e(ω̄e))− τ pc,erfe(1− F e(ω̄e))− τ iof,e − 1

]
+

+ rr
R

L
− rdD

L
− J b

L

G

L
=− rrR

L
+ BI

L

[
(1− F I(ω̄I))τ pc,IrfI + τ iof,I

]
+ Be

L

[
(1− F e(ω̄e))τ pc,erfe + τ iof,e

]
+ τ prd

Dp

L
+ τ

[
J b

L
+GI(ω̄I)

(
µIs(1− δsS

I

L
+ µIwlXI

)
−

−Ge(ω̄e)
(
µek(1− δk)K

L
+ µey

qwY

L

) ]
Cp

L
= 1[

1 + δs
(

ξ
1−ξ (1− βp(1− δs)

) 1
σ−1
]
YL − CI

L
− Ce

L
− δsS

I

L
−

− G

L
− Ik

L
− δbK

b

L


Sp

L
= Cp

L

[
ξ

1− ξ (1− βp(1− δs))
] 1
σ−1

Lp =

 Xp

Cp

L

[
1 + 1−ξ

ξ

(
Sp/L
Cp/L

)σ]


1
1+ϕ

LI =

X
I(1−GI(ω̄I))

[
1 + AIτwl

]
CI

L

[
1 + 1−ξ

ξ

(
SI/L
CI/L

)σ]


1
1+ϕ
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L = (Lp)θ(LI)1−θ

Forth Step: Verify if BI
guess = BI

L
L and Be

guess = Be

L
L. Calculate all

variables multiplying ratios by L if conditions are satisfied or return to the
first step if at least one is invalid.
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D
BCB Accounting Decomposition - Adapted

The ICC and its spread decomposition methodologies can be found
in Banco Central do Brasil (2018) and Banco Central do Brasil (2017),
respectively. We adapt these methodologies with respect to our steady state
analysis.

Interest expenses = rfIBI + rfeBe.

Total credit = BI +Be.

ICC = Interest expenses
Total credit .

ICC total spread = ICC− r.

ICC default = (1 + rfI)F I(ω̄I)BI + (1 + rfe)F e(ω̄e)Be

Total Credit .

ICC adm cost = ηBγ

Total Credit .

IOF rate = ICC− Interest expenses− IOF expenditure
Total credit .

PIS/Cofins rate = 0.0465 (ICC− IOF rate)
[
(1− F e)B

e

B
+ (1− F I)B

I

B

]
.

CSLL/IRPJ rate = 0.45
[
ICC total spread− IOF rate−

PIS/Cofins rate− ICC adm cost− ICC default
]
.

ICC tax = IOF rate + PIS/Cofins rate + CSLL/IRPJ rate.

ICC financial margin = ICC total spread− ICC default− ICC adm cost− ICC tax.

Divide each ICC component by ICC total spread to get the ICC compo-
nent share.
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E
Counterfactual Analysis - Combinations

We present combinations of parameters alterations following individual
cases in the Counterfactual Analysis - Section 4.3.

Table E.1: Counterfactual Analysis - 2
(1) Baseline (2) No tax (3) No tax (4) No tax (5) Banking comp. (6) Banking comp (7) No adm. cost

Banking comp. No adm. cost 100% recovery No adm. cost 100% recovery 100% recovery

Entrep. credit-to-GDP 12.4 12.73 12.9 12.75 12.72 12.51 12.62

Imp. credit-to-GDP 13.28 15.72 15.14 14.1 15.89 15.24 14.31

Investment-to-GDP 17.85 18.13 18.21 18.22 18.01 17.94 17.93

Bank profit-to-GDP 2.33 0.16 1.54 2.1 0.18 0.19 1.84

Banking physical deprec. 3.39 0.82 3.91 7.32 0.48 1.54 3.67

Percentage points changes relative to baseline:

Entrep. credit spread: rfe − r -0.76 -1.88 -0.59 -1.52 -0.22 -1.35

Imp. credit spread: rfI − r -4.34 -3.66 -1.27 -5.1 -3.77 -2.5

Deposit rate: rd -0.13 -0.13 -0.13 0 0 0

Policy rate: r -0.32 -0.16 -0.16 -0.19 -0.19 0

Wholesale rate: Rb -0.38 -1.42 -0.18 -1.49 -0.25 -1.24

Entrep. credit rate: rfe -1.1 -2.06 -0.76 -1.73 -0.42 -1.36

Imp. credit rate: rfI -4.71 -3.86 -1.46 -5.34 -4 -2.53

Entrep. default 0 0.01 0 0.01 0 0.01

Imp. default -0.08 -0.06 -0.02 -0.09 -0.07 -0.04

Percentage changes relative to baseline:

GDP -0.34 0.96 -0.89 1.4 -0.02 1.93

C 1.72 2.94 1.03 2.56 0.68 1.71

L -0.81 -0.9 -0.27 -0.95 -0.31 -0.18

Welfare changes relative to baseline:

Up - + - - - -

Ue + + + + + +

UI + + + + + +

Notes: Time period is set to one quarter. Ratios, depreciation, and real variables changes in percentage. Spreads, rates and default in percentage points. Up: patient household,
U I : impatient household, U e: entrepreneur. Welfare changes meaning: + better than baseline, - worse than baseline. No remuneration: rr = 0. No tax: τ iof,x = τ pc,x = τ p = τ = 0.
No financial margin: εp → −∞, εI →∞, εe →∞. No administrative cost: η = 0. No reserve: θd = 0. 100% recovery: µIx = µex = 1.

Table E.1 summarizes pairwise combinations of policy
changes/parameters alterations, but we omit no remuneration and no reserve.
The first one raises credit spreads and the last one delivers an insignificant
impact on equilibrium changes.

Combination of no financial margin with no administrative cost generates
better result in terms of household spread reduction (5.1 p.p.). On the other
hand, the combination of no tax and no administrative cost is the most effective
in cutting entrepreneur spread (1.88 p.p.). Both new equilibria are in line with
individuals counterfactual in table 4.3.

Entrepreneur credit-to-GDP variations remain small, but for household
variations it can increase 19.65% in the absence of financial margin and
administrative cost. Regarding both defaults, none of simulations are able to
generate meaningful changes similar to individual counterfactual.
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The third column simulation is the only table E.1 exercise which all
agents are better relative to baseline. This steams from no tax since zero
government expenditure enables more private consumption and less labor is
required.

We can compare two shares of BCB accounting decomposition and table
E.1 results. Tax and financial margin represent 51 % (m) or 42 % (REB)
of spread while no tax and no financial margin simulation results 54.81%
average spread reduction relative to baseline. Tax and administrative cost
shares account for 54% (m) or 49% (REB) of spread composition in line
with the 53% average spread decrease in counterfactual. Financial margin
and administrative cost account for 45% (m) or 47% (REB) of spread, but
no financial margin and no administrative cost counterfactual result in 70.2%
average spread reduction relative to baseline.

Table E.2: Counterfactual Analysis - 3
(1) Baseline (2) No tax (3) No tax (4) No fin. margin (5) No tax (6) No tax

No fin. margin No fin. margin No adm. cost No adm. cost No fin. margin
No adm. cost 100% recovery 100% recovery 100% recovery No adm. cost

No reserve
100% recovery

Entrep. credit-to-GDP 12.4 12.92 12.76 12.71 12.93 12.94

Imp. credit-to-GDP 13.28 16.36 15.76 15.89 15.18 16.39

Investment-to-GDP 17.85 18.19 18.18 18 18.26 18.21

Bank profit-to-GDP 2.33 0.16 0.16 0.18 1.55 0.12

Banking physical deprec. 3.39 0.8 2.71 1.51 5.81 3.26

Percentage points changes relative to baseline:

Entrep. credit spread: rfe − r -2 -0.76 -1.52 -1.88 -2

Imp. credit spread: rfI − r -5.62 -4.34 -5.1 -3.66 -5.62

Deposit rate: rd -0.13 -0.13 0 -0.13 -0.13

Policy rate: r -0.32 -0.32 -0.19 -0.16 -0.32

Wholesale rate: Rb -1.63 -0.38 -1.49 -1.42 -1.63

Entrep. credit rate: rfe -2.34 -1.1 -1.73 -2.06 -2.34

Imp. credit rate: rfI -5.99 -4.71 -5.34 -3.86 -5.99

Entrep. default 0.01 0 0.01 0.01 0.01

Imp. default -0.1 -0.08 -0.09 -0.06 -0.1

Percentage changes relative to baseline:

GDP 1.4 -0.38 1.74 0.92 1.54

C 3.43 1.62 2.42 2.84 3.3

L -1.16 -0.61 -0.66 -0.69 -0.87

Welfare changes relative to baseline:

Up - - - - -

U e + + + + +

U I + + + + +

Notes: Time period is set to one quarter. Ratios, depreciation, and real variables changes in percentage. Spreads, rates and default in percentage
points. Up: patient household, U I : impatient household, U e: entrepreneur. Welfare changes meaning: + better than baseline, - worse than baseline. No
remuneration: rr = 0. No tax: τ iof,x = τ pc,x = τ p = τ = 0. No financial margin: εp → −∞, εI →∞, εe →∞. No administrative cost: η = 0. No reserve:
θd = 0. 100% recovery: µIx = µex = 1.

Table E.2 displays combinations “turning off” three features per column
with the last one leaving only the default possibility. The second and the last
columns present the most powerful combinations in terms of cutting both types
of banking spreads. Impatient and entrepreneur spreads decrease 5.62 p.p. and
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2 p.p., respectively. The same magnitudes of interest rates changes are observed
in both columns, but the credit-to-GDP changes are higher in the last.

Likewise simulations before, both default variations are small in all
table E.2 columns. Entrepreneur credit-to-GDP changes are larger than other
counterfactual, but they remain small. Impatient credit-to-GDP can reach
16.39% (23.42% increase compared to baseline) in last column.

We can perform the same comparison between accounting decomposition
and counterfactual spread reduction. Tax, financial margin, and administra-
tive cost account for 76% (m) or 68% (REB) average spread in accounting
decomposition. In the counterfactual, the absence of these ingredients results
in 80.5% average spread reduction relative to baseline. Although the values
are close, the advantage of the counterfactual exercise is to map how other
important variables change.
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F
Propagation of Shocks

In this Chapter, we analyze the propagation of a monetary policy
and technology shocks. We compare the impulse response functions of our
model (Baseline) and a financial friction model with fewer ingredients (FF)
resembling Gerali et al. (2010). The differences between the two models are
credit default, administrative cost, reserve requirements, and taxes. We use the
same calibration of Chapter 4 and time period is quarterly. It is important to
emphasizing that both models do not incorporate stick wages, habit formation,
and variable capital utilization as Gerali et al. (2010), so they are not able to
reproduce similar dynamics to the paper.

Each model is log-linearized around the respective steady state using
Dynare routines (interest rates and defaults are linearized). We do not take
into account possible nonlinearities, and the supposition of always binding
borrowing constraints remain.

F.1
Monetary Policy Shock

Monetary policy shocks are assumed to be i.i.d. with a standard deviation
of 0.01.1 In the FF model, several transmission channels already discussed in
the literature are at play. Iacoviello (2005) model already highlighted three
channels. First, the traditional interest channel with heterogeneous agents
concerning impatience degree. Second, the borrowing constraint channel that
present value changes of the collateral affect credit. Third, the nominal debt
channel - debt in nominal terms changes the ex-post distribution of resources
due to inflation.

Additionally, wedges between the policy rate and interest rates relevant
for each agent emerge due to the credit market power and bank capital as
proposed by Gerali et al. (2010). We add new ingredients to baseline model that
increase the interest rates wedges. The default cost passes through bank rates
and changes the borrowing constraint, assets, and income for consumption.
The administrative cost and reserve requirements raise the spread due to higher

1Estimate of Ferreira and Nakane (2018).
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cost to provide credit. Taxes act the same way but also change the retained
earnings and bank capital that, in its turn, affects the final bank rates.

Figure F.1: Monetary Policy Shock

Figure F.1 shows a positive monetary shock of one standard deviation,
and overall, new channels tend to amplify variable dynamics. The initial
raise of the policy rate passes to the final bank rates. Both models present
an initial severe recession driven by entrepreneurs consumption postpone
as the Lagrange multiplier of the borrowing constraint2 increases. Demand,
output, and its inputs demands capital and labor decrease. Central Bank (CB)
responds cutting interest rates. Impatient also reduces consumption due to
lower labor income and higher debt repayment of deflationary effect.

2The Lagrange multiplier of borrowing constraint is the shadow value (in utils) of easing
the borrowing constraint.
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As the impact is deflationary, CB reacts cutting interest aggressively.
Higher default and taxes put upward pressure on final bank rates, but the
policy rate declining with imperfect competitive banks, more capitalized banks
(due to initial deflation), and lower administrative cost push down bank rates.

Household credit decreases even though impatient lower interest rate
and higher durable goods price. Household credit follows her durable goods
dynamics which diminish as patient agents increase spending. This borrowing
constraint and financial accelerator channel stimulate higher entrepreneur
credit, but do not compensate the lower household loan as total credit
diminishes.

The baseline model generates unstable default rates dynamics since
variables related to the cut-off rule move abruptly.3

F.2
Technology Shock

Technology shocks follows an AR(1) process with the same autocorrela-
tion coefficient 0.91 of De Castro et al. (2015). The impulse response functions
of baseline and FF are closer than a monetary policy shock, but the initial
impact is more powerful in baseline. Figure F.2 displays the impulse response
functions of both models. The increase in productivity is contractionary on im-
pact for output (before going up). This is similar to the dynamics of Iacoviello
(2005) model.

Higher productivity diminishes the marginal cost of firms which tends
to put deflationary pressure. CB reacts reducing interest rates. Shadow
value/Lagrange multiplier of easing the borrowing constraint skyrocket, then
entrepreneurs cut consumption substantially. Demand and output contract
boosting further policy rate reductions.

Baseline final bank rates decrease more aggressively because of CB
response, and higher default costs include in these rates do not compensate.
Initially, lower administrative cost and more capitalize banks reinforce the
decrease of bank rates but the opposite effect rises bank rates after some
periods.

The impatient credit is mainly driven by the reduction of durable goods
despite the lower interest rate and higher durable goods price are pushed up by
patient agents demand. Lower deposit rates discourage savings and stimulate
patient households consumption. Asset price (future capital price rise) and
borrowing constraint channel (lower interest rate) drive the entrepreneur credit

3We left for future research to evaluate our Baseline model with stick wages, habit
formation, and variable capital utilization as Gerali et al. (2010).
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Figure F.2: Technology Shock

dynamics. Accumulation of capital occurs after the initial decrease and helps
to slack the borrowing constraint.

The baseline model also generates unstable default rates dynamics since
variables related to the cut-off rule move abruptly (e.g., household loan and
household bank rate).
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G
Steps of debt payment from the Representative Entrepreneur

The total debt payment from the representative entrepreneur is given by

∫ ∞
ω̄It

(
1 + rfet−1

)
Be
t−1

πt
dF e

t (w) +
∫ ω̄et

0

{
(1− δk)qktKt−1 + qwt Y

e
t

}
ωdF e

t (ω) =

= (1− F e
t (ω̄et ))

(
1 + rfet−1

)
Be
t−1

πt
+
{

(1− δk)qktKt−1 + qwt Y
e
t

}
Ge
t (ω̄et ) ,

where
∫ ω̄et

0 ωdF e
t (ω) = Ge

t (ω̄et ). The first component adjusts the debt plus
interest from those agents who did not default and the second is the collateral
from agents who default.
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H
Default Modelling Approaches - Alternative Model 1

The modelling challenge is to incorporate credit default in a framework
with banking sector imperfect competition. Carvalho et al. (2014) and Dar-
racq Pariès et al. (2010) have similar approaches inspired by the strategic
default of Forlati and Lambertini (2011) that is different from our liquidity
default.

Basically, their approach consists of including an additional layer of
banks (Commercial) which intermediate funds between final borrowers and
monopolistic banking sector. Recycling firms modelling device is not required
since commercial banks seize defaulted collateral by themselves. This new
layer of banks behave competitively and simply adjust final borrowers rates to
account for default. Borrowers internalize the zero profit conditions of the new
layer of banks when optimizing their utilities and these restrictions replace the
borrowing constraint in baseline approach.

Steady state counterfactual analysis delivers doubtful results since de-
faults skyrocket as a response of borrowers optimal decisions. In some counter-
factual, impatient default rise above 10 p.p. quarterly. Figure H.1 shows model
main connections.

Figure H.1: Model with strategic default - main connections
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Regarding the model, patient agents, capital producers, durable goods
producers, retail and final goods producers remain the same. We simplify the
tax structure related to banking intermediation and government collects taxes
from imperfect competitive banks.

H.1
Banking Sector - Alternative Model 1

Deposit and loan Dixit-Stiglitz framework continue the same, but they
are commercial banks demands. We do not include reserve requirements.

H.1.1
Wholesale Branch - Alternative Model 1

The capital law of motion is given by

πtK
b
t (j) =

(
1− δb

)
Kb
t−1(j) + (1− db)(1− τ)J bt−1(j).

Wholesale branch of bank j chooses Bt(j) and Dt(j) in order to maximize

E0

∞∑
t=0

λp0,t

Rb
tBt(j)− rtDt(j)−

κKb
2

(
Kb
t (j)

Bt(j)
− νb

)2

Kb
t (j)− ηBt(j)γ

 ,
s.t.

Bt(j) = Dt(j) +Kb
t (j).

H.1.2
Funding Loan Branch

This branch is the equivalent of loan branch in baseline model, but it
channels funds to commercial banks.

They obtain wholesale loan B(j) at the rate Rb
t , differentiate at no cost

and resell it to commercial loan banks (of impatient and entrepreneur) applying
mark-ups.

Funding branch of bank j chooses rfIt (j) and rfet (j) in order to maximize

E0

∞∑
t=0

λP0,t
{

(1− τ I)rfIt (j)BI
t (j) + (1− τ e)rfet (j)Be

t (j)−Rb
tBt(j)

}
,

s.t. 1

BI
t (j) =

(
rfIt (j)
rfIt

)−εIt
BI
t , Be

t (j) =
(
rfet (j)
rfet

)−εet
Be
t ,

BI
t (j) +Be

t (j) = Bt(j).
1Commercial bank loan demand.
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H.1.3
Deposit Branch - Alternative Model 1

Deposit branch collects deposits from patient household and channels
funds to the wholesale unit which remunerates them at rt(j).

Deposit branch of bank j chooses rdt (j) in order to maximize

E0

∞∑
t=0

λP0,t
[
rt(j)Dt(j)− rdt (j)D

p
t (j)

]
,

s.t.,

Dp
t (j) =

(
rdt (j)
rdt

)−εpt
Dp
t , Dp

t (j) = Dt(j).

Summing all parts of bank j, total profit is given by

J bt (j) =(1− τ)rfIt (j)BI
t (j) + (1− τ)rfet (j)Be

t (j)− (1 + τ)rdt (j)Dt(j)−

κKb
2

(
Kb
t (j)

Bt(j)
− νb

)2

Kb
t (j)− ηBt(j)γ.

H.2
Commercial banks - impatient households

Impatient household durable good price and labor income are subject to
idiosyncratic shock (i.i.d. across agents, time, and the distribution is given by
F I
t with mean one): ωIi,t

(
P s
t (1− δs)SIt−1 +W I,n

t LIt
)
.

ω̄It defines the indifference between repaying or not the loan contracted
in the previous period:2

ω̄It
(
qst (1− δs)SIt−1 +W I

t L
I
t

)
=
(
1 + rbIt

) BI
t−1
πt

,

where left hand side is the loan collateral and right hand side is the repayment
of the loan contracted at t− 1. If ωI > ω̄I impatient repays the loan and keeps
ωI
(
qst (1− δs)SIt−1 +W I

t L
I
t

)
−
(
1 + rbIt

)
BIt−1
πt

while loan branch
(
1 + rbIt

)
BIt−1
πt

.
If ωI < ω̄I impatient does not repay the loan and loses the collateral, but
loan branch receives ωI(1 − µI)

(
qst (1− δs)SIt−1 +W I

t L
I
t

)
where µI is the

monitoring cost. The parameter interpretation contrasts with baseline which
is the recovery rate (opposite interpretation).

After the idiosyncratic shock, impatient households pool assets and la-
bor income from each agent and guarantee perfect insurance so the allocation
across agents of impatient households is ex-post equal. Agents of impatient

2rbI is the interest rate which takes into account default. It is different from rfI . In the
baseline model, the last already incorporate credit risk.
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households are ex-post identical so we can assess the problem from a represen-
tative impatient household perspective.

Total repayment receive by commercial bank is given by the fraction
that repay the loan and the fraction that default and collateral is seized with
monitoring cost discount.

∫ ∞
ω̄It

(
1 + rbIt

)
BI
t−1

πt
dF I

t (w) +
∫ ω̄It

0
(1− µI)

[
qst (1− δs)SIt−1 +W I

t L
I
t

]
ωdF I

t (ω) =

=
{

(1− F I
t (ω̄It )) + (1− µI)

∫ ω̄It

0
ωdF I

t (ω)
}

︸ ︷︷ ︸
ΓIt (ω̄It )

[
qst (1− δs)SIt−1 +W I

t L
I
t

]
.

The cost of acquire funds is given by (1+rfIt−1)BIt−1
πt

where the interest rate
rfIt−1 is set according to a monopolistic competitive market. Since commercial
bank operates in perfect competition, zero profit condition is

ΓIt (ω̄It )
[
qst (1− δs)SIt−1 +W I

t L
I
t

]
= (1 + rfIt−1)BI

t−1
πt

,

where the left-hand side is the amount received by the commercial bank from
impatient household and the right-hand side is the cost to acquire funds.

H.3
Impatient households - Alternative Model 1

Impatient households maximize utility subject to commercial bank zero
profit condition and a budget constraint. First, we have to adjust the budget
constraint due to default, since part of last period debt is not repaid and a
fraction of collateral is seized by commercial bank.

Total repayment of the representative impatient household is given by
the fraction that can repay the loan and the fraction that defaults and loses
collateral.

∫ ∞
ω̄It

(
1 + rbIt

)
BI
t−1

πt
dF I

t (w) +
∫ ω̄It

0

[
qst (1− δs)SIt−1 +W I

t L
I
t

]
ωdF I

t (ω) =

=
{

(1− F I
t (ω̄It )) +

∫ ω̄It

0
ωdF I

t (ω)
}

︸ ︷︷ ︸
ΞIt (ω̄It )

[
qst (1− δs)SIt−1 +W I

t L
I
t

]
.

Impatient households choose a stream of CI
t , S

I
t , L

I
t , B

I
t , ω̄

I
t in order to

DBD
PUC-Rio - Certificação Digital Nº 1912138/CA



Appendix H. Default Modelling Approaches - Alternative Model 1 70

maximize

E0

∞∑
0

(
βI
)tlog

([
ξ
(
CI
t

)σ
+ (1− ξ)

(
SIt
)σ] 1

σ

)
−

(
LIt
)1+ϕ

1 + ϕ

 ,
s.t.

CI
t +qstS

I
t +ΞI

t

(
ω̄It
) [
qst (1− δs)SIt−1 +W I

t L
I
t

]
≤ W I

t L
I
t +qSt

(
1− δS

)
SIt−1 +BI

t ,

ΓIt (ω̄It )
[
qst (1− δs)SIt−1 +W I

t L
I
t

]
= (1 + rfIt−1)BI

t−1
πt

.

H.4
Entrepreneurs - Alternative Model 1

Entrepreneurs are subject to idiosyncratic shock that affects price capital
ωeqktKt−1. Derivation follows the same steps already shown for impatient
household.

The entrepreneurs choose a stream of Ce
t , Kt, L

I
t , L

p
t , B

e
t , ω̄

e
t in order to

maximize
E0

∞∑
t=0

(βe)t log (Ce
t ) ,

s.t.
Y e
t = AtK

α
t−1

[
(Lpt )θ

(
LIt
)1−θ

]1−α
,

Ce
t +qktKt+W I

t L
I
t+W

p
t L

p
t+Ξe

t (ω̄et )
(
1− δk

)
qktKt−1 ≤ qwt Y

e
t +Be

t+qkt (1−δk)Kt−1,

Γet (ω̄et )(1− δk)qktKt−1 = (1 + rfet−1)Be
t−1

πt
.

H.5
Government - Alternative Model 1

Government keeps budget balance across all periods:

Gt = τ IrfIt−1B
I
t−1

πt
+ τ erfet−1B

e
t−1

πt
+ τJ bt−1

πt
.

H.6
Steady State - Alternative Model 1

Steady state is calculated numerically resembling baseline approach.
Calculation of cut-offs ω̄I and ω̄e are defined implicitly by borrowers Euler
equations.
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Guess values of BI,guess and Be,guess, calculate all variables, and then
check if the guesses were correct.

π = 1, qs = 1, qk = 1.

r = (εp − 1)
εp

rd, rd =
[

1
βp
− 1

]
1

(1− db(1− τ)) .

Rb = r + ηγ(BI,guess +Be,guess)γ−1.

rfI = εI

(εI − 1)
1

(1− τ bI)R
b, rfe = εe

(εe − 1) 1
(1− τ be)R

b.

Find implicit ω̄′s

1 = βI
Ξ′I(ω̄I)
Γ′I(ω̄I) (1 + rfI), 1 = βe

Ξ′e(ω̄e)
Γ′e(ω̄e) (1 + rfe),

then calculate final borrowers rates.

rbI = ω̄I

ΓI(ω̄I)(1 + rfI)− 1, rbe = ω̄1

Γ1(ω̄1)(1 + rfe)− 1.

The rest of procedure is the same of baseline.

H.7
Counterfactual Analysis - Alternative Model 1

We need to point out some differences between baseline and alternative
model counterfactual. Alternative model spread is defined as the difference
between rbx and rd, but baseline definition is relative r. Results change little
quantitatively.

Costless default exercise is achieved by setting µx = 0.3, i.e., monitoring
cost equals 30% of defaulted resources which is equivalent to a recovery rate
of 70%.3 Calibration is slightly different from baseline model.

Tables H.1 and H.2 display counterfactual exercises with the same
approach of changing parameters to simulate economic policies.

Both defaults increase across all columns comparing with baseline 1.
They reach the peak of 13.62 p.p. quaterly for households and 6.38 p.p. for
entrepreneurs in no friction. Results are not reliable since the difference from
baseline 1 is huge. We depart from this strategic default modeling and adopt
the baseline liquidity default.

3Average recovery rate of OECD countries.
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Table H.1: Counterfactual Analysis 1 - Alternative Model 1
Baseline 1 No tax No fin. margin No adm. cost Costless Default

Entrep. credit-to-GDP 12.46 13.83 13.45 15.7 18.61
Imp. credit-to-GDP 8.94 9.81 12.83 11.16 11.5
Investment-to-GDP 17.85 18.67 17.69 18 18.41
Entrep. default 0.89 1.17 1.06 1.64 2.73
Imp. default 1.8 2.24 3.6 2.95 5.64
Entrep. credit spread: rbe − rd 2.9 2.87 2.65 1.88 3.48
Imp. credit spread: rbI − rd 9.46 8.69 4.91 6.49 10.55
Banking physical deprec. 3.89 6.21 0.45 2.64 3.64

Notes: Time period is to one quarter. Ratios, depreciation, and real variables in percentage. Spreads, rates
and default in percentage points. No tax: τ fI = τ fe = 0. No financial margin: εp → −∞, εI →∞, εe →∞.
No administrative cost: η = 0. Costless default: µI = µe = 0.3.

Table H.2: Counterfactual Analysis 2 - Alternative Model 1
No tax No fin. margin No fin.margin No adm. cost No friction

Costless default No adm cost Costless default Costless default
Entrep. credit-to-GDP 21.15 16.48 20.52 24.72 28.26
Imp. credit-to-GDP 12.85 14.02 17.78 14.96 20.72
Investment-to-GDP 19.57 17.85 18.3 18.74 19
Entrep. default 3.61 1.81 3.28 5.13 6.38
Imp. default 7.04 4.11 11.47 9.36 13.62
Entrep. credit spread: rbe − rd 3.66 1.67 3.36 3.06 3.27
Imp. credit spread: rbI − rd 10.09 3.7 7.33 8.41 6.67
Banking physical deprec. 5.78 0.45 0.45 2.47 0.68

Notes: Time period is to one quarter. Ratios, depreciation, and real variables in percentage. Spreads, rates and default
in percentage points. No tax: τ fI = τ fe = 0. No financial margin: εp → −∞, εI → ∞, εe → ∞. No administrative
cost: η = 0. Costless default: µI = µe = 0.3. No friction: only default.
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I
Model with Banking Technology - Alternative Model 2

A potential drawback of baseline model is the administrative cost reduced
form and someone could question our counterfactual analysis results. We
address this problem modeling a banking technology explicitly.

The central difference from baseline model is a Cobb-Douglass credit
production function with labor and capital as inputs. We also assume sector
specific factors: there are a final goods and another loan sector demanding
production factors without mobility.

Results suggest that administrative cost reduced form captures mecha-
nism similar to the structural approach. Reduced form banking employs final
goods to produce credit, but final goods producers already combine capital
and labor in their production. In the structural approach, capital and labor
are employed by banks directly. We choose the reduced form approach in base-
line since it is easier to discipline parameters.

Regarding model alterations, we include capital producers of capital that
is employed in banking technology and allow labor supply by patient and
impatient households. New utility function islog

(
[ξ (Cx

t )σ + (1− ξ) (Sxt )σ]
1
σ

)
−

wl1
(
Lx1,t

)1+ϕ

1 + ϕ
−

wl2
(
Lx2,t

)1+ϕ

1 + ϕ

 .

We also include Wx
2,t−1L

x
2,t−1

πt
in the budget constraints as a source of funds.1

The major alteration is the wholesale bank j problem which chooses a
stream of Bt(j), Dt(j), Rt(j), K2,t(j), Lp2,t(j) and LI2,t(j) in order to maximize

E0

∞∑
t=0
λp0,t

 (1 +Rb
t

)
Bt(j) + (1 + rrt )Rt(j)−

(
1 +Rd

t

)
Dt(j)−Kb

t (j)−

κKb
2

(
Kb
t (j)

Bt(j) +Rt(j)
− νb

)2

Kb
t (j)−W

p
2,tL

p
2,t(j)−W I

2,tL
I
2,t(j)−

qk2
t K2,t(j) + qk2

t (1− δK2)K2,t−1(j)
,

1Banking sector expenditures of a given period is paid only next period as Gerali et al.
(2010).
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s.t.

Bt(j) +Rt(j) = Dt(j) +Kb
t (j),

Rt(j) ≥ θdDt(j),

Bt(j) = A2,tK
α2
2,t−1(j)

[(
Lp2,t(j)

)θ2 (
LI2,t(j)

)1−θ2
]1−α2

.

The computation of model steady state is slightly different from baseline
approach. Guess Rb and verify if loan demand equals supply.

DBD
PUC-Rio - Certificação Digital Nº 1912138/CA



J
Data Sources

J.1
Nonearmarked credit operations outstanding - Total

Outstanding balance of credit operations portfolio in the end of a
period, with interest rates established under market conditions. It excludes
operations with regulated rates, operations with funds from the National
Bank for Economic and Social Development (BNDES) or any operations with
government funds or funds with mandatory destination. Periodicity: Monthly;
Range: 01/2011-12/2019; Source: Banco Central do Brasil – Departamento de
Estatísticas/ Data code: 20542.

J.2
Nonearmarked credit operations outstanding - Non-financial corporations
- Total

J.1 definition, but credit only to non-financial corporations. Periodicity:
Monthly; Range: 01/2011-12/2019; Source: Banco Central do Brasil – Depar-
tamento de Estatísticas/ Data code: 20543.

J.3
Nonearmarked credit operations outstanding - Households - Total

J.1 definition, but credit only to households. Periodicity: Monthly; Range:
01/2011-12/2019; Source: Banco Central do Brasil – Departamento de Estatís-
ticas/ Data code: 20570.

J.4
Percent of 90 days past due loans of nonearmarked credit operations
outstanding - Non-financial corporations - Total

Share of National Financial System portfolio of nonearmarked credit
operations in which there is at least one payment in arrears for over 90
days. It excludes operations with regulated rates, operations with funds from
the National Bank for Economic and Social Development (BNDES) or any
operations with government funds or funds with mandatory destination. Credit
only to Non-financial corporations. Periodicity: Monthly; Range: 01/2011-
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12/2019; Source: Banco Central do Brasil – Departamento de Estatísticas/
Data code: 21086.

J.5
90 days past due loans - Nonearmarked credit outstanding - Households
- Total

J.4 definition, but credit to households. Periodicity: Monthly; Range:
01/2011-12/2019; Source: Banco Central do Brasil – Departamento de Es-
tatísticas/ Data code: 21112.

J.6
Regulatory Capital to Risk-Weighted Assets

This indicator measures the capital adequacy of financial institutions and
is based on the definitions used in the Basel Capital Accord. Scope of entities:
Commercial banks, universal banks, investment banks, savings banks or any
financial conglomerate comprising any of these entities. Periodicity: Monthly;
Range: 01/2011-12/2019; Source: Banco Central do Brasil/ Data code: 21424.

J.7
ICC Spread - Nonearmarked - Non-financial corporations - Total

Difference between average cost of outstanding loans (ICC) and its
average funding cost of non-financial corporations credit. Periodicity: Monthly;
Range: 01/2013-12/2019; Source:Banco Central do Brasil – Departamento de
Estatísticas/ Data code: 27447.

J.8
ICC Spread - Nonearmarked - Households - Total

Difference between average cost of outstanding loans (ICC) and its aver-
age funding cost of households credit. Periodicity: Monthly; Range: 01/2013-
12/2019; Source:Banco Central do Brasil – Departamento de Estatísticas/
Data code: 27448.

J.9
GDP at current prices in R$

Current price GDP measures the total value of goods and services for final
use obtained during the year before deducting consumption of fixed capital.
Periodicity: Annually ; Range: 2011-2019; Source: IBGE/ SGS Data code: 1207.
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J.10
GDP - investment rate - current prices

The relationship between gross fixed capital formation (GFCF) and
gross domestic product (GDP), both at current prices, that is, in the year
in which that the products were produced and marketed. GFCF corresponds
to the value of durable goods purchased on the market or produced on their
own and intended for use, in production units, for a period exceeding one
year. Periodicity: Annually ; Range: 2011-2018; Source: IBGE/Data code:
SCN10_FBKFPIBV10.

J.11
Payout

Ratio of shareholders total remuneration and earnings from 18 publicly
traded companies (BOVESPA) that provide financial services. Periodicity:
Annually ; Range: 2011-2019; Source: Bloomberg.

J.12
IPCA

Índice nacional de preços ao consumidor-amplo is an inflation measure of
a set of products and services sold at retail related to household consumption.
Its coverage represents 90% of household living in an urban area. Periodicity:
Monthly; Range: 2011-2019; Source: IBGE/ SGS Data code: 433.

J.13
CDB

Real return of certificado de depósito de crédito (CDB) and recibos de
depósitos bancários (RDB) for households. Financial firms use these time
deposits from household to fund their activities. We use the average rate of
all time deposits to household and discount the inflation rate (IPCA). First,
we calculate the time deposit real rate yearly, and then take the average.
Periodicity: Monthly; Range: 2011-2019; Source: Sisbacen PESP300/ Data
code: 28585.
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