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Abstract

This paper investigates the transmission channel of macroprudential instru-
ments in a closed-economy DSGE model with a rich set of financial frictions.
Banks’ decisions on risky retail loan concessions are based on borrowers’ ca-
pacity to settle their debt with labor income. We also introduce frictions in
banks’ optimal choices of balance sheet composition to better reproduce banks’
strategic reactions to changes in funding costs, in risk perception and in the reg-
ulatory environment. The model is able to reproduce not only price effects from
macroprudential policies, but also quantity effects. The model is estimated with
Brazilian data using Bayesian techniques. Unanticipated changes in reserve re-
quirements have important quantitative effects, especially on banks’ optimal
asset allocation and on the choice of funding. This result holds true even for
required reserves deposited at the central bank that are remunerated at the
base rate. Changes in required core capital substantially impact the real econ-
omy and banks’ balance sheet. When there is a lag between announcements
and actual implementation of increased capital requirement ratios, agents im-
mediately engage in anticipatory behavior. Banks immediately start to retain
dividends so as to smooth the impact of higher required capital on their as-
sets, more particularly on loans. The impact on the real economy also shifts
to nearer horizons. Announcements that allow the new regulation on required
capital to be anticipated also improve banks’ risk positions, since banks achieve
higher capital adequacy ratios right after the announcement and throughout
the impact period. The effects of regulatory changes to risk weights on bank
assets are not constrained to impact the segment whose risk was reassessed.
We compare the model responses with those generated by models with collat-
eral constraints traditionally used in the literature. The choice of collateral
constraint is found to have important implications for the transmission mech-
anisms.

Keywords: DSGE models, Bayesian estimation, financial regulation, mon-
etary policy, macroprudential policy
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1 Introduction

The literature on DSGE models with credit frictions has been built under an im-
portant assumption with respect to collateral constraints: that loan concessions are
tightly associated with the value of some physical collateral put forward to back
up the operation. The main strands of this literature incorporate agency problems
in loan concessions backed up by physical capital (Bernanke, Gertler & Gilchrist
(1999), Fiore & Tristani (2013), Glocker & Towbin (2012)), or binding credit con-
straints based on the value of households’ assets, most usually housing (Iacoviello
(2005), Gerali et al. (2010), Dib (2010), Andrés, Arce & Thomas (2010)) or a mix of
both (Pariès, Sørensen & Rodriguez-Palenzuela (2011), Roger & Vlcek (2011), among
others). Brzoza-Brzezina, Kolasa & Makarski (2013) provide an extensive comparison
of the economic implications of both modeling assumptions.

Highly collateralized bank loans might have been a fair representation of banks’ be-
havior in advanced economies, but other types of bank loans that are dissociated
from physical collateral have been gaining ground1. At the beginning of 2013, for
instance, the rating agency Moody’s downgraded Canadian banks mostly because of
an important exposure of the financial system to unsecured consumer loans, whose
performance is tightly related to households’ disposable income.

In countries with impediments to the execution of collateral warranties, creditors find
alternative loan contract clauses that help minimize the risk of default. In Brazil, for
instance, banks have adopted the practice of making retail loan decisions based on
borrowers’ payment affordability to settle their debt with labor income. Therefore,
debt-to-income ratios are more relevant than loan-to-value to determine lending rates
and authorize limits to automatic credit lines. As a matter of fact, about half the
total volume of bank retail loans in Brazil are not collateralized by physical assets,
and are advanced with no constraints on the final destination of borrowed funds.
Credit lines advanced for purchases of vehicles represent another third part of retail
loans, and although there are constraints on the destination of funds, a share of them
do not take the underlying goods as collateral.

1Indeed, Mendoza (2002) mention cases in which variants of debt-to-income ratios were determi-
nant to establish loan contracts in the US.
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Financial frictions have important implications for the transmission of shocks to the
economy. Notwithstanding, important conclusions in the DSGE literature are model-
dependent2. In BGG-type financial accelerators, fluctuations in the price of physical
collateral determine the occurrence of default, generating a strong connection between
the external finance premium and borrowers’ leverage. In this environment, financial
frictions operate mainly through their impact on investment decisions. On the other
hand, loan concessions based on the expected stream of labor income bring about
other sources of banks’ vulnerability. These types of financial frictions might also
generate stronger procyclicality in the economy given their feedback effect from labor
conditions to credit risk and credit conditions, and then from consumption decisions
funded by loans to the demand for goods, and back to labor conditions. In Brazil,
for instance, loan performance is tightly associated with labor market conditions and
there seems to be a disconnect between historical arrears and households’ leverage.

The purpose of this paper is to assess the transmission channels of macroprudential
policies in Brazil through an appropriate DSGE model of financial frictions. Most
of the financial frictions that we incorporate in the model are not singular to Brazil.
They can also be found in countries where the collateral repossession process is cum-
bersome, where the perception of significant risk in lending operations makes public
bonds an attractive investment choice for banks and compete with bank loans, where
banks’ funding faces competition from other investment opportunities easily avail-
able to banks’ clients, and where banks are required to comply with a number of
regulatory constraints that distort their optimal balance sheet allocation.

With respect to financial frictions, first we introduce retail loans in which the possibil-
ity of default is tightly associated with borrowers’ labor income3 so that the external
finance premium co-moves with developments in the labor market. Debt-to-income
ratios are allowed to vary with time to help reproduce the recent financial deep-
ening of the Brazilian financial system. Second, we let Loan-to-Value ratios apply
to housing loan concessions, but we introduce a number of regulatory constraints
that conform with Brazilian practice and which affect the dynamics of the housing
loans market. This credit segment interferes with retail loans through their impact
on debt-commitment. Third, we introduce frictions to banks’ optimal decisions on
balance sheet allocations to better capture the competition between low-risk-low-
return and high-risk-high-return bank assets. These strategic considerations have an
important impact on the transmission channel of macroprudential policies to credit
conditions, and, consequently, to the real economy. Fourth, we introduce frictions
in (costly) stable banks’ funding sources to account for the fact that time deposits
issued by banks face fierce competition from other investment opportunities issued by
non-bank institutions at similar liquidity risks. Finally, we introduce a rich set-up of
macroprudential instruments and regulatory constraints, some of which are common

2Brzoza-Brzezina, Kolasa & Makarski (2013) provide an extensive analysis of model-implied
differences in responses of the main economic variables by examining credit constraint and external
finance premium financial accelerators vis-a-vis a standard New Keynesian model.

3Mendoza (2002) and Durdu, Mendoza & Terrones (2009) also incorporate income-driven credit
constraints in models applied to emerging economies. However, in Mendoza (2002), the constraint
takes the form of a collateral constraint, with a cap on debt-to-income ratios that is not endogenously
determined after default risks are assessed.
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to a number of countries, and others that seem to be more specific to Brazil.

The set of macroprudential instruments analyzed in this paper is composed of: sim-
plified Basle-1 and Basle-2 core capital requirements, in which changes can be an-
ticipated or not; reserve requirements on demand deposits, time deposits, savings
deposits and a variant of the three, each one of them with a particular remuneration
rule set by the monetary authority; and risk-weights on banks’ assets to assess capital
adequacy. The model can also be readily used to assess the impact of LTV caps on
loan concessions, and changes in the required allocation of savings deposits to housing
loans.

The model is estimated with Bayesian techniques using time series from the be-
ginning of the inflation targeting regime (1999Q3 to 2012Q4). Bayesian IRFs are
computed, and counterfactual exercises are reported to help understand the trans-
mission channels of macroprudential instruments and refine the assessment of their
economic effects.

Impulse responses show that the most important impact of changes in reserve re-
quirement ratios lies on the composition of banks’ balance sheet. Banks’ liquidity
positions have an important role in smoothing the impact on the real economy. In-
creased required reserve ratios put pressure on banks’ opportunity costs, which are
passed through to final lending rates. The strength of the passthrough is governed
by expected loan performance, given the expected impact on collateral and on labor
market conditions. The increase in lending rates depresses the demand for loans,
reducing the total volume of credit in the economy. Both labor and goods markets
are mildly affected, resulting in some output loss.

The international literature also finds evidence of a moderate degree of the impact of
non-remunerated reserve requirements on the economy. The assumptions underlying
these conclusions are manifold. Tovar, Garcia-Escribano & Martin (2012) use event
study and dynamic panel VAR on a number of Latin American countries to find that
reserve requirements have a moderate and transitory effect on private banking growth,
playing a complementary role to monetary policy. Montoro & Moreno (2011) argue
that reserve requirements have smaller impacts if the amount of deposits subject to
reserve requirements relative to domestic bank credit is small. Glocker & Towbin
(2012) find that reserve requirements have a role in supporting price stability if,
among other conditions that are to some extent addressed in our model, debt is
denominated in foreign currency.

Few studies analyze the aggregate impact of reserve requirements in Brazil. Souza-
Rodrigues & Takeda (2004) find empirical evidence that higher unremunerated re-
serve requirements in Brazil increase the mean of lending rates. Areosa & Coelho
(2013) modify the original setup of Gertler & Karadi (2011) in which banks face
agency problems to raise funds and find that reserve requirements have qualitatively
equivalent (yet weaker) impact on the economy compared to the monetary policy
instrument. Our model differs from Areosa & Coelho (2013) and Gertler & Karadi
(2011) in several important ways. Apart from a more comprehensive description of
the financial sector, our model features default in loans to the real sector, whereas
they introduce default in bank deposits. An immediate consequence of their assump-
tion is that there will be a wedge between banks’ cost of funding from deposits and
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the base rate, driven by solvency concerns. We purposely choose not to adhere to
this assumption since the spread between 90-day bank certificates of deposits (CDB)
and the effective base rate (Selic) has been negligible after the implementation of
the inflation targeting regime (0.2 p.p. from a nominal quarterly base rate of 3.6%
on average), despite strong movements in volumes. This evidence also discards the
assumption extensively used in the literature4 that banks have monopolistic power in
setting deposit rates. In this respect, there are a number of investment opportunities
that compete with time deposits in Brazil. Treasury bonds, for instance, can be ne-
gotiated directly at Treasury’s retail facility ”Tesouro Direto”5. Another important
difference from Areosa & Coelho (2013) is that in their model reserve requirements
can only affect the economy through price effects, since their are dominated in re-
turn by public bonds. Instead, if reserve requirements were fully remunerated in their
model, as is the case with time deposits in Brazil, reserve requirements would be neu-
tral to the economy. Our model, on the other hand, is suited to address quantitative
effects of macroprudential instruments.

Montoro & Moreno (2011) claim that partial remuneration of reserve requirements
reduce their distortionary tax effect but also lessen the impact of changes in the re-
serve requirement rate on the banking system. In our model, the estimated impulse
responses of changes in remunerated reserve requirements on time deposits can have
non-negligible effects on the real economy notwithstanding the fact that there is no
mismatch between the interest rate paid to depositors and that accrued on required
reserves. The estimated frictions on banks’ optimal balance sheet allocation imply
that an exogenously imposed asset allocation is costly to the bank, and thus in-
creased funding costs translate into higher lending rates. This has important policy
implications.

In Brazil, reserve requirements on time deposits have been the instrument of choice
when the central bank needs to drain liquidity from the economy. There is an implicit
perception that this would be the least distortionary instrument for this purpose. The
model responses to a shock on reserve requirements on time deposits are substantially
stronger than those on other forms of reserve requirements. We show that this result
is mostly driven by a base-effect, since the balance of time deposits in Brazil is
almost eight times as large as demand deposits. After scaling the shocks to generate
an equivalent impact in terms of the amount of funds seized by the central bank,
we obtain the traditional prediction that reserve requirements on demand deposits
have stronger marginal impact on the economy mostly through the direct impact on
banks’ profits and less so on banks’ balance sheet allocations.

To understand the role of the liquidity preference channel in the transmission of the
shock to reserve requirements, we muted this channel. We find that this channel is
in fact important for remunerated reserve requirements to have an impact on the
economy.

The literature interprets the modest degree of the real impact of reserve require-
ments as a consequence of a responsive monetary policy. Glocker & Towbin (2012),

4Some examples are Roger & Vlcek (2011), Gerali et al. (2010) and Dib (2010).
5https://www.tesouro.fazenda.gov.br/tesouro-direto
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for instance, argue that if interest rate setting is dissociated from decisions on re-
serve requirements, the former may neutralize the impact of the latter. We conduct
a counterfactual exercise in which monetary policy remains nonresponsive to eco-
nomic conditions while we stress the model with a shock to reserve requirements.
Our results concur with the consensus. When monetary policy does not relieve the
contractionist impact of shocks to reserve requirements, the economy faces a more
significant downturn.

Shocks to core capital requirement have stronger effects on banks’ funding costs.
When the shock hits, banks permanently reshuffle their assets to improve capital
adequacy ratio. Retail loans are more significantly curtailed since their risk weight
is the highest amongst bank assets. Overall credit-to-GDP drops, with spillover
effects on the demand for investment and consumption goods. GDP falls and remains
dampened over a long horizon. Banks also accumulate dividends to improve their net
worth position. The increase in bank capital is channeled towards bank liquidity. If
monetary policy is kept unchanged throughout the impact period of the shock, the
responses of funding costs, bank capital and liquidity buffer are the same as in the
benchmark case. However, since monetary policy cannot accommodate the burden of
tighter credit conditions on the real economy, and in particular in the labor market,
lending rates rise substantially in response to a deterioration in borrowers’ capacity
to take loans. The overall effect on GDP is reinforced as the impact of the shock
builds up.

Changes in capital requirements are usually announced with a substantial lag until
the implementation. We simulate the model under the assumption that the an-
nouncement is made one year before implementation. Announcements trigger an
anticipatory behavior in banks’ decisions. Banks immediately start to retain divi-
dends and improve their capital adequacy ratios over the impact period. Previous
announcements are more effective in reducing the risk exposure of the economy even
after the shock hits. Since economic agents anticipate the impact of the shock, the
demand for loans becomes more sensitive to lending rates. Real variables, such as
GDP and inflation are affected from start, but post smoother trajectories.

Our paper relates to the literature that analyzes the impact of macroprudential poli-
cies in a DSGE framework (Glocker & Towbin (2012), Pariès, Sørensen & Rodriguez-
Palenzuela (2011), Roger & Vlcek (2011), Montoro & Tovar (2010), Areosa & Coelho
(2013)). However, in most of these references housing or capital have a leading role
in credit concessions. To better understand the consequences of our modeling choice
for households’ collateral constraints, we performed some counterfactual exercises to
compare the responses of the baseline model with alternatives commonly found in the
literature: the housing collateral constraint and the strict debt-to-income constraint.
The model with housing collateral has very different predictions from both the base-
line and the strict debt-to-income constraint model. Since housing prices strongly
hit borrowers’ capacity to take loans, households engage in an important swap in the
housing market which affects the aggregate variables of the model. The responses of
the models where labor income is included in the borrowing constraint are similar
in some respects to the baseline model, but the possibility of default in the baseline
model renders very distinct responses in the credit market, with some spillover to the
real sector.
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Our paper also relates to the literature on endogenous bank lending (Andrés, Arce &
Thomas (2010), Gerali et al. (2010)). Our model goes beyond introducing monopo-
listic competition in bank lending. The embedded frictions are particularly suited to
endogenously map the main determinants of lending spreads in Brazil: markup, risk
of default, administrative costs, direct and indirect taxes, and regulatory costs.

The paper is presented as follows. Section 2 describes the theoretical model. Section
3 discusses the stationarization of the model and the computation of the steady state.
Section 4 discusses the estimation conducted under Bayesian techniques. Section 4
presents the impulse responses of the estimated model. Section 5 examines counter-
factual exercises and discusses some policy issues, including alternative countercycli-
cal capital requirement rules. The final section concludes. A detailed description of
the theoretical model is presented in the technical appendix.

2 The theoretical model

The economy is composed of households, entrepreneurs, producing firms and a finan-
cial sector. Households are distributed in two groups: savers and borrowers. They
differ with respect to their intertemporal discount factors, to their access to invest-
ment opportunities, and to their ownership of business activities. Both of them supply
labor to a labor union. Entrepreneurs engage in risky projects that are financed with
their own net worth and with bank debt. Intermediate firms combine labor supplied
by unions and capital rented from entrepreneurs to produce inputs that will be as-
sembled and distributed to final goods producing firms. These firms specialize in the
production of private and public consumption goods, investment goods, capital and
housing.

The financial sector is composed of a bank conglomerate and a retail money fund.
The retail money fund represents an investment opportunity that dominates in re-
turn all other financial options6. The fund’s portfolio is composed of government
bonds and time deposits issued by the bank conglomerate. The bank conglomer-
ate has a treasury department that channels the conglomerate’s funding resources
to loan concessions and dividend distribution, adhering to regulatory requirements
on mandatory reserves, capital adequacy ratio, and housing loan concession, in ad-
dition to regulation on the remuneration of savings accounts which is more specific
to Brazil. External funding to the conglomerate is available from time, savings and
demand deposits. The conglomerate can also augment its net worth by retaining prof-
its. Loan concessions are risky since entrepreneurs’ projects and households’ labor
income are subject to idiosyncratic shocks that might adversely impact their capacity
to settle their debt obligations. The conglomerate targets balance sheet components
associated with its liquidity position and its more stable external funding source,
i.e., time deposits. There is additional rigidity in time deposit balances and lending
rates, and conglomerate activities generate administrative costs and are subject to

6Notwithstanding, households have preferences over other financial investment opportunities that
are less rewarding in terms of nominal return. This allows the model to find a non-negligible role
for assets that are dominated in return.
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tax incidence.

In this session, we describe the main features of the theoretical model, emphasizing
our contributions to existing models and adjustments to Brazilian particularities.
The complete description of the theoretical model is in appendix A.

2.1 Households

The economy is inhabited by two groups of households: net creditors and net debtors
of the financial system. Net creditors, henceforth ”savers”, have a range of available
financial investment opportunities, namely demand and savings deposits issued by
the bank conglomerate and retail money fund quotas7. In addition, savers have
right to profits made after tax by all business activities. Savers derive utility from
consumption goods, housing, and liquid financial balances8.

Net debtors, henceforth ”borrowers”, also derive utility from consumption goods,
housing, and demand deposits. They complement their labor income with loans
to finance their purchases of goods and housing. Loans are granted by the bank
conglomerate based on the assessment of borrowers’ capacity to settle debt obligations
with labor income. Consumption loans are risky since labor income is subject to
idiosyncratic shocks that realize only after loan contracts are established.

In this instance, the model differs from the mainstream macroeconomic literature
that introduces financial frictions in retail loan concessions. Although housing collat-
eral is the preferred choice in this literature, weakly collateralized or uncollateralized
bank loans are gaining ground, bringing along concerns over the building up of vul-
nerabilities in the financial systems9.

Non-corporate loans in Brazil amount to 43% of total bank loans. About half the
stock of retail loans are not collateralized with physical capital and are not associated
with the purchase of any particular good. Credit lines financing purchases of vehicles
represent another third of retail loans, but the underlying goods are not necessarily
collateral. Moreover, regardless of collateral requirements, banks decisions on retail
credit concessions heavily rely on borrowers’ capacity to settle their debt obligations
with labor income.

7The yield on savings accounts is regulated by the government as a markdown on the base rate
of the economy, in conformity with Brazilian practice.

8Since savings accounts are return-dominated by investment fund quotas during most of the
analyzed period in Brazil, we let depositors yield some utility from savings. Previous versions of
the model attempted to introduce a third type of constrained household who could only invest in
savings deposits, with a distinct intertemporal discount factor. However, this modeling strategy
failed to pin dow the level of savings deposits, resulting in a overwhelming region of indeterminacy
in the model.

9In 2013, Moody’s downgrade Canadian banks strongly based on an important exposure to
unsecured consumer loans, whose performance is tightly related to households’ disposable income.
The Canadian Quarterly Financial Report of the First Quarter 2013 highlights the risks of high
debt-service ratios that built up as a result of a prolonged period of low interest rates in Canada.
The stress simulation points to a significant increase in loans in arrears should unemployment rise.
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Housing loans are about 12% of total bank loans. Although banks establish minimum
LTV ratios in these operations, banks attribute great importance to the analysis of
debt service-to-income ratios to make their final decisions on whether or not to extend
the loan. Interest rates on housing loans that are not regulated by the government
are set according to the client’s basket of bank products and services, and less so on
client’s leverage or LTVs.

In this environment, events that affect the labor market potentially spillover to banks’
risk taking.

2.1.1 The Saver’s program

Savers are uniformly distributed in the continuum S ∈ (0, ωS) and choose a stream{
CS,t, HS,t, NS,t, D

S
S,t, D

D
S,t, D

F
S,t

}
of consumption, housing, labor supply, savings de-

posits, demand deposits, and quotas of the retail money fund, to maximize

E0

∑
t≥0

βt
S


1

1− σX
(XS,t)

1−σX − εLt LS

1 + σL
(NS,t)

1+σL

+
ψS,S

1− σS
εS,St

(
DS

S,t

PC,tCS,t

)1−σS

+
ψD,S

1− σD
εD,S
t

(
DD

S,t

PC,tCS,t

)1−σD

 εβt (1)

subject to the budget constraint

(1 + τC,t)PC,tCS,t

+DF
S,t +DS

S,t +DD
S,t

+PH,t (HS,t − (1− δH)HS,t−1)
D

 =


(1− τw,t)

(
WN

t NS,t

)
+DD

S,t−1

+RF,t−1D
F
S,t−1 +RS,t−1D

S
S,t−1

+ΠLU
S,t +ΠS,t

+TTS,t + TTΓ,S,t + TGN
S,t

(2)

where

XS,t =

[(
1− εHt ωH,S

) 1
ηH

(
CS,t − h̄SCS,t−1

) ηH−1

ηH +
(
εHt ωH,S

) 1
ηD (HS,t)

ηH−1

ηH

] ηH
ηH−1

,

εβt , ε
L
t , and ε

H
t are preference shocks, LS, ψS,S, and ψS,D are scaling parameters, ωH,S

is a bias for housing in the consumption basket, h̄S is group-specific consumption
habit, δH is housing depreciation, and τC,t and τw,t are tax rates on consumption and
labor income, respectively. Housing is priced at PH,t.

Labor is competitively supplied to labor unions at a nominal wageWN
t . Labor unions

distribute their net-of-tax profits ΠLU
S,t obtained from monopolistic competition back

to households as lump-sum transfers. Savers also receive lump sum transfers TTS,t
from the government, in addition to net-of-tax profits ΠS,t from firms, entrepreneurs,
and the bank conglomerate. TTΓ,S,t are costs from capital utilization, which we as-
sume are distributed as lump-sum transfers to savers and TGN

S,t are transfers from
entrepreneurs that quit their projects at each period.

One-period returns on savings accounts and on retail money fund quotas are RS,t and
RF,t, respectively.
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2.1.2 The Borrower’s program

Borrowers are distributed in the continuum (0, ωB) . They take bank loans against
a proportion γB,C

t of future labor income. Borrower i’s total income from labor is
subject to idiosyncratic shocks, ϖB,i,t ∼ lognormal (1, σB), a short-cut for idiosyn-
cratic income shocks that do not affect firms’ aggregate production but that affect
borrowers’ ability to pay their debt installments. After the realization of the shock,
borrower i’s net-of-tax nominal labor income is

ϖB,i,t [(1− τw,t)NB,i,tWt] (3)

where Wt is wage negotiated between firms and unions10.

At period t, household i gets two types of credit: a retail loan, with nominal value
BC

B,i,t, and a housing loan, BH
B,i,t. Both loans redeem in the subsequent period and

are negotiated at fixed interest rates, RL,C
B,i,t and RL,H

B,t , respectively. The interest
rate on housing loans is exogenously set by the government and does not depend
on borrowers’ leverage. This assumption accords with the tightly regulated market
of Brazilian housing loans to low-priced real estate, which represents the bulk of
the housing loans market11. These loans are subject to an interest rate cap of 12%
p.a.. However, the market of loans to low-priced real estate is by far dominated by
Caixa Econômica Federal (CEF), a state-owned bank specialized in housing loans and
savings deposits, and the rates charged on these loans are not intimately associated
with leverage or LTVs, although minimum LTV applies to the decision of whether or
not to extend the loan to each particular proponent. Banks are required to channel
a certain share of their savings deposits to low-priced real estate loans. In order
to attract enough demand for their housing loans, they closely track CEF’s lending
rates. Several other regulatory requirements apply to the market of housing loans
and savings deposits in Brazil. Our model addresses only the main aspects of such
regulation.

In case of an adverse shock to the borrower’s labor income that leads to default on
bank loans, the bank seizes a fraction γB,C

t of household’s net-of-tax labor income,
after incurring proportional monitoring costs µB,C , in case default is on retail loans,
and µB,H , in case default is on housing loans12.

10It can be shown that the borrower’s net-of-tax income from labor (1− τω,t)NB,i,tWt equals
the net-of-tax labor income obtained from unions (1− τω,t)NB,i,tW

N
t plus her share on unions’

net-of-tax profits ΠLU
S,t .

11The upper bound for the price of houses that qualify for these cheaper credit lines is currently
BRL 500 thousand ( ˜USD 250 thousand). As of June 2013, housing loans to low-priced real estate
amounted to 76% of total housing loans financed through savings deposits in Brazil. Apart from the
loans funded from savings deposits, an important segment of housing loans is funded with resources
from the Severance Indemnity Fund (FGTS), managed by Caixa Econômica Federal, a state-owned
bank. These housing loans represent 36% of total housing loans in Brazil and are granted at low
rates, which bear no correspondence to the borrower’s leverage or collateral.

12These monitoring costs can be regarded as the cost of bankruptcy (including auditing, legal and
enforcement costs).
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Housing loans have precedence over retail loans with respect to income commitment13.
Next period, after the idiosyncratic shock ϖB,i,t+1 realizes, the borrower chooses to
default if the amount of labor income committed to the loan is less than the total
debt redeeming14. This threshold ϖB,i,t+1 is such that the borrower is indifferent
between settling debt obligations or letting the bank seize the committed share of
her labor income:

γB,C
t ϖB,i,t+1 (1− τw,t+1)NB,i,t+1Wt+1 = RL,C

B,i,tB
C
B,i,t +RL,H

B,t B
H
B,i,t (4)

For convenience, we define another threshold ϖH
B,i,t+1 with respect to the housing

loan:
γB,C
t ϖH

B,i,t+1 (1− τw,t+1)NB,i,t+1Wt+1 = RL,H
B,t B

H
B,i,t (5)

Since lending branches are risk neutral and operate under perfect competition, for
each borrower the expected return from loan concessions (left side of the following
equation) must equal the funding costs from such operations (right side):

Et (1− µB,C)

∫ ϖB,i,t+1

ϖH
B,i,t+1

[
γB,C
t ϖB,i,t (1− τw,t+1)NB,i,t+1Wt+1 −RL,H

B,t B
H
B,i,t

]
dF (ϖB,i,t)

(6)

+ Et

∫ ∞

ϖB,i,t+1

RL,C
B,i,tB

C
B,tdF (ϖB,i,t) = RC

B,tB
C
B,i,t

or
γB,C
t

[
Et (1− τw,t+1)NB,i,t+1Wt+1GB,C

(
ϖB,i,t+1, ϖ

H
B,i,t+1

)]
= RC

B,tB
C
B,i,t (7)

where

GB,C (ϖ1, ϖ2) =

 (1− µB,C)

[∫ ϖ2

ϖ1

ϖdF (ϖ)−ϖ1 [F (ϖ2)− F (ϖ1)]

]
+(ϖ2 −ϖ1) (1− F (ϖ2))

(8)

The household’s expected repayment on the retail loan is given by

γB,C
t Et

[
(1− τw,t+1)NB,i,t+1Wt+1H

(
ϖB,t+1, ϖ

H
B,i,t+1

)]
where

13This assumption guarantees that expected default in housing markets is lower than in the market
for retail loans, which conforms with Brazilian empirical evidence.

14We rule out strategic default by assuming an implicit clause in the debt contract that if the
borrower deviates from the optimal labor supply plan under commitment, this borrower will be
ruled out of the debt market in every subsequent period of the model.
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H
(
ϖB, ϖ

H
B

)
=

∫ ϖB

ϖH
B

ϖdF (ϖ)−ϖH
B

(
F (ϖB)− F

(
ϖH

B

))
(9)

+
(
ϖB −ϖH

B

)
(1− F (ϖB))

Similarly, the household’s expected settlement of the housing loan is

γB,C
t Et

[
(1− τw,t+1)NB,i,t+1Wt+1H

(
ϖH

B,i,t+1, 0
)]

and the expected settlement of bank loans is

γB,C
t Et [(1− τw,t+1)NB,i,t+1Wt+1H (ϖB,i,t+1, 0)]

Although housing loan rates for low-priced real estate in Brazil are not associated
with borrowers’ leverage or collateral, banks abide by minimum LTV ratios to meet
the demand for housing loans. For this reason, we impose a collateral constraint on
this credit segment such that the nominal value of housing loans cannot exceed a
fraction γB,H

t of borrower’s housing stock.

BH
B,i,t ≤ γB,H

t PH
t H

B
i,t (10)

The LTV ratio γB,H
t is time varying, and allows the model to accommodate the

recent increase in household indebtedness in Brazil, a trend that seems to be more
related to the financial deepening of the economy than to a possible bubble in housing
prices.

The representative borrower15 chooses the stream
{
CB,t, NB,t, HB,t,XB,t, D

D
B,t, ϖB,t, ϖ

H
B,t, B

C
B,t, B

H
B,t

}
to maximize the utility function

E0

∑
t≥0

βt
B

 1

1− σX
(XB,t)

1−σX − εLt LB

1 + σL
(NB,t)

1+σL +
ψD,B

1− σD
εD,B
t

(
DD

B,t

PC,tCB,t

)1−σD

 εβt

(11)

15In order to avoid heterogeneity issues that might arise if each household, faced with an idiosyn-
cratic shock to her labor income, is allowed to freely choose her allocations, we assume that there is
an insurance contract that evens out any income discrepancy among borrowers. We should impose
that every single household follow the same allocation plan that maximizes households’ average
utility.
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subject to the budget constraint

(1 + τC,t)PC,tCB,t +DD
B,t

+PH,t (HB,t − (1− δH)HB,t−1)

+γB,C
t (1− τw,t)NB,tW

N
t H (ϖB,t, 0)

 ≤


(1− τw,t)

(
WN

t NB,t

)
+BC

B,t +BH
B,t +DD

B,t−1

+TTB,t +ΠLU
B,t

(12)

and the constraints from the optimal contract

γB,C
t Et (1− τw,t+1)NB,t+1W

N
t+1GB,C

(
ϖB,t+1, ϖ

H
B,t+1

)
= RC

B,tB
C
B,t (13)

γB,C
t ϖH

B,t (1− τw,t)NB,tW
N
t = RL,H

B,t−1B
H
B,t−1 (14)

BH
B,t ≤ γB,H

t PC,tQH,tH
B
t (15)

ωBB
H
B,t ≤ τH,S,tωCSD

S
CS,t (16)

where

XB,t =

[(
1− εHt ωH,B

) 1
ηH

(
CB,t − h̄BCB,t−1

) ηH−1

ηH +
(
εHt ωH,B

) 1
ηH (HB,t)

ηH−1

ηH

] ηH
ηH−1

,

(17)
and the auxiliary variables ϖB,t and ϖ

H
B,t are defined by

γB,C
t

(
ϖB,t −ϖH

B,t

)
(1− τw,t)NB,tWt = RL,C

B,t−1B
C
B,t−1 (18)

2.2 Entrepreneurs

Commercial loans are modeled as in Christiano, Rostagno & Motto (2010), except
that we introduce time varying LTV ratios to account for the fact that capital stock
in Brazil is hardly financed through bank loans. Changes in LTV ratios will also
accommodate changes in leverage that are dissociated from innovations in the value
of collateral. The recent financial deepening of the Brazilian economy can be captured
through this variable.

At the end of period t, each entrepreneur i purchases capital KE,i,t+1 from capital
goods producers and, at t+ 1, rents it to the producers of intermediate goods at the
rental rate RK

t+1. Funding of capital purchases has two sources: entrepreneur’s net
worth NE

i,t+1 and commercial loans BE,i,t+1:

PK,tKE,i,t+1 = NE
i,t +BE,i,t (19)

At the beginning of period t + 1, before capital is rented to domestic goods produc-
ers, it is subject to an idiosyncratic shock ωi,t+1 ∼ lognormal (µE,t+1, σE,t+1), with
Etωi,t+1 = 1, which represents the riskiness of business activity. We assume that
σE,t+1 follows an AR(1) process and that its realization is known at the end of period
t, prior to the entrepreneur’s investment decision.

After ωi,t+1 realizes, physical capital becomes ωi,t+1KE,i,t+1. After depreciation at the
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rate δK , capital is sold back to capital goods producers at the market price PK,t+1.
Therefore, the average nominal return of entrepreneur’s capital at period t+ 1 is

RTK
t+1 ≡

∫ ∞

0

ω
[
RK

t+1 + PK,t+1 (1− δK)
]
dF (ω, σE,t+1)

= RK
t+1 + PK,t+1 (1− δK) (20)

The nominal amount BE,i,t is borrowed at the fixed rate RL,E
i,t . Loans are collateralized

by a fraction γEt of entrepreneurs’ stock of capital. We define the threshold value
ϖi,t+1 such that

RL
E,i,tBE,i,t = ϖi,t+1γ

E
t R

TK
t+1KE,i,t (21)

Whenever ωi,t+1 < ϖi,t+1, the entrepreneur goes bankrupt and the bank seizes the col-
lateral by incurring in monitoring costs that correspond to a fraction µE of recovered
assets.

Commercial lending branches operate in a competitive market, extending loans to
many small entrepreneurs. Let RE,t be the proportional funding cost of the lending
branch. Since the idiosyncratic risk is diversifiable, the interest rate on commercial
loans is such that the expected profit of the financial intermediary is zero:

RE,tBE,i,t = γEt EtR
TK
t+1KE,i,tG (ϖi,t+1, σE,t+1) (22)

where

G (ϖt+1, σE,t+1) = (1− µE)

∫ ϖt+1

0

ωdF (ω, σE,t+1) + (1− F (ϖi,t+1, σE,t+1))ϖt+1

(23)

The entrepreneur’s expected cash flow is:

EtR
TK
t+1KE,i,t

[
1− γEt H (ϖi,t+1, σE,t+1)

]
(24)

where

H (ϖt+1, σE,t+1) =

∫ ϖt+1

0

ωdF (ω, σE,t+1) + (1− F (ϖi,t+1, σE,t+1))ϖt+1 (25)

The entrepreneur’s problem amounts to choosing a sequence of {ϖi,t+1, BE,i,t, KE,i,t} to
maximize (24) constrained by (22), (19), (21) and BE,i,t ≥ 0. We constrain the latter
to be non-binding.

At the end of each period, only a fraction γNt of the entrepreneurs survive. The ones
that leave the market have their capital sold and the proceeds are distributed to the
households as lump-sum transfers TGN

t . The average nominal value of entrepreneurs’
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own resources NE
t at the end of period t is

NE
t = γNt R

TK
t Kt−1

[
1− γEt H (ϖE,t, σE,t)

]
(26)

where the survival rate γNt is given by

γNt =
1

1 + e−γN−γ̃N
t

(27)

γ̃Nt = ρNγ γ̃
N
t−1 + σN

γ ε
N
γ,t

and
TGN
t =

(
1− γNt

) (
RKT

t Kt−1

[
1− γEH (ϖE,t, σE,t)

])
(28)

2.3 Goods producers

Goods producers are modeled according to the standard DSGE literature. Details are
in the technical appendix. There is a continuum j ∈ (0, 1) of competitive intermediate
goods producers that combine labor and capital to produce homogeneous goods. The
production function is

Zd
j,t = A.εAt [utKj,t−1]

α (ϵtLj,t)
1−α (29)

where εAt is a temporary shock to total factor productivity, A is a scaling constant,
and ϵt is a permanent common shock to labor productivity whose growth rate gϵ,t
follows

gϵ,t = ρϵ.gϵ,t−1 + (1− ρϵ) .gϵ + εZt (30)

Cost minimization is subject to capital utilization adjustment costs Γu(ut) ≡ ϕu,1 (ut − 1)+
ϕu,2

2
(ut − 1)2. Intermediate goods producers sell their output to retailers, who op-

erate under monopolistic competition setting prices on a staggered basis à la Calvo.
Retailers who are not chosen to optimize set their prices according to the indexation
rule:

P d
t (k) = πd,γd

t−1 π
1−γdP d

t−1 (k) (31)

where π is steady-state inflation. Retailers differentiate the homogeneous goods
and sell them to competitive distribution sectors. These, in turn, reassemble the
differentiated goods using a CES production function:

Y d
t =

[∫ 1

0

Zd
t (k)

1
µd dk

]µd

(32)

Distributers sell their output to final goods firms, which specialize in the production of
goods for government consumption G, private consumption C, capital investment IK ,
and housing investment IH . Final goods producers are competitive and face no
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frictions. Therefore, the zero profit condition yields

Y d,J
t = {G,C, IK,IH} (33)

P J
t = P d

t (34)

Perfectly competitive firms produce the stock of housing and fixed capital. At the be-
ginning of each period, they buy back the depreciated capital stock from entrepreneurs
as well as the depreciated housing stock from households. These firms augment their
capital and housing stocks using final goods and facing adjustment costs to invest-
ment. At the end of the period, the augmented stocks are sold back to entrepreneurs
and households at the same prices.

2.4 Investment Fund

A recent strand of the literature has been inclined to introduce imperfect competition
in the bank deposits market16. This has implications for the dynamic responses
of changes in reserve requirements. Under this assumption, the impact of reserve
requirements shocks on credit concessions is partially buffered by adjustments in the
cost of funding to banks.

In Brazil, banks’ time deposits face fierce competition from retail money funds and
from domestic federal bonds. About half the outstanding balance of domestic federal
bonds are held by bank’s non-financial clients, either through direct ownership of
securities or through quotas in mutual funds. Money market funds hold about 30%
of domestic federal bonds. Private individuals can also hold claims to federal bonds
negotiated at National Treasury’s facility ”Tesouro Direto”17,

Such competition results in very narrow markdowns of time deposit rates on the base
rate of the economy. For instance, in the period analyzed in this paper, the base rate
was merely 0.2 p.p higher on average than the effective 90-day time deposits (CDB)
rate.

We therefore assume that the interest rate on time deposits RT
t and on domestic

public bonds Rt are equal at every point in time. This assumption has implications
to the response of credit conditions upon changes in reserve requirements.

Without loss of generality, we let the group of savers in the model hold quotas of
a retail money fund, whose portfolio is composed of time deposits DT

t issued by
banks and government bonds BF

t . Transactions with the retail money funds are free
of administrative costs. Since RT

t = Rt, the retail money fund is indifferent with
respect to its portfolio composition.

16Dib (2010), Pariès, Sørensen & Rodriguez-Palenzuela (2011), Andrés, Arce & Thomas (2010),
Roger & Vlcek (2011).

17The stock of outstanding debt negotiated at Tesouro Direto is about 1% of the stock outstanding
of domestic federal bonds.
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2.5 Banking sector

Our modeling strategy for the banking sector is adequate to assess the impact of
macroprudential policy instruments not only on bank rates (prices) but also on quan-
tities, through shifts in the composition of banks’ balance sheets.

The bank conglomerate is composed of a continuum [0, 1] of competitive banks that
get funding from deposit branches and extend credit to households and entrepreneurs
through their lending branches. Banks are the financial vessel of the conglomerate:
they channel money market funds to the lending branches while making all important
decisions with respect to the composition of the conglomerate’s balance sheet. The
conglomerate is subject to regulatory requirements and can only accumulate capital
through profit retention. Our adopted segmentation of the bank conglomerate al-
lows the model to endogenously reproduce the most relevant determinants of lending
spreads and the effects of regulatory requirements on bank rates and volumes.

2.5.1 Deposit branches

There is one representative deposit branch for each type of deposit. The demand
deposit branch costlessly takes unremunerated demand deposits, DD

S,t and DD
B,t,

which are determined from households’ optimization problems. It then costlessly
distributes this funding to each bank j ∈ [0, 1] . In the following period, banks
return the unremunerated funds to the deposit branch, which, in turn, returns them
to households:

ωSD
D
S,t + ωBD

D
B,t = DD

t =

1∫
0

ωb,jD
D
j,tdj (35)

The savings deposit branch operates analogously, except that savings deposits accrue
interest RS

t , which is regulated by the government according to:

RS
t = 1 + φS

R,t (Rt − 1)

where φS
R,t follows an AR(1) process around the steady state markdown.

The time deposit branch issues deposit certificates to the retail money fund, at interest
rates equal to the base rate

(
RT

t = Rt

)
. The resources are also costlessly distributed

to the banks, and, in the following period, returned to the retail money fund with
accrued interest.

2.5.2 Lending branches

Lending branches get funding from banks and extend commercial and retail loans to
entrepreneurs and to borrowers, respectively. Without loss of generality, we assume
one representative lending branch for commercial loans and another for retail loans.

The representative commercial lending branch is competitive and seeks to diversify
its funding sources. It borrows Bb

E,j,t from bank j at the interest rate RE,j,t. Total

loans BLB,E
E,t extended to entrepreneurs at the fixed-rate RL

E,t are a CES aggregate of
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funding resources:

BLB,E
E,t =

[∫ 1

0

ωb,j

(
Bb

E,j,t

)1/µR
E dj

]µR
E

(36)

where
BLB,E

E,t = ωEBE,t (37)

In the following period, the lending branch chooses the amount to borrow from each
bank BE,j,t so as to maximize

RL
E,tB

LB,E
E,t −

∫ 1

0

ωb,jRE,j,tB
b
E,j,tdj (38)

subject to equation (36).

The first order conditions, together with the zero-profit condition, results in a demand
function for commercial loans funding from bank j :

Bb
E,j,t =

(
RE,j,t

RE,t

)µR
E/(1−µR

E)

BLB,E
E,t (39)

As a result, each bank j has some market power in the allocation of available funds,
and is free to choose the interest rate that it will charge the lending branches, con-
strained by Calvo-type interest rate rigidities.

Aggregate funding to the lending branch bears the following correspondence with the
total amount of loans extended to entrepreneurs:

Bb
E,t ≡

∫ 1

0

ωb,jB
b
E,j,tdj (40)

= BLB,E
E,t ∆R

E,t

where

∆R
E,t =

∫ 1

0

ωb,j

(
RE,j,t

RE,T

)µR
E/(1−µR

E)

dj (41)

From Jensen’s inequality, ∆R
E,t > 1.

The net cash flow ΠE,LB
t from lending branch’s operations in the commercial loans

market is

ΠE,LB
t =

∫ 1

0

ωb,jBE,j,tdj −BLB,E
E,t (42)

= BLB,E
E,t

(
∆R

E,t − 1
)
> 0
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which is distributed to banks as lump-sum transfers:

ΠE,LB
t =

∫ 1

0

ωb,jΠ
E,LB
j,t dj (43)

The decisions of the representative commercial lending branch are analogous to those
of the representative retail lending branch. The demand curve for funding is:

BC,b
B,j,t =

(
RC

B,j,t

RC
B,t

)−
µR
B,C

µR
B,C

−1

BC
B,t (44)

2.5.3 Mortgage loan branch

The Brazilian housing loans market is heavily regulated by the government. The
regulatory authority mandates that a fraction τH,S,t of savings deposits be channeled
to housing loan concessions. Housing loans are also subject to regulated lending
rates18. We therefore assume that the final lending rate RL,H

B,t is set by the government
as a markdown on the base rate:

RL
B,H,t

Rt

=

(
RL

B,H,t−1

Rt−1

)ρ
RH
(
RL

B,H

R

)1−ρ
RH

eεRH,t (45)

Consequently, the only role played by the mortgage loan branch is to channel funds
from savings deposits to housing loans, having no say on either interest rates or
volumes. It follows that

ωBB
H
B,t = BH,wb

B,t

Since mortgage loans are risky, the actual cash flow received by the mortgage branch
is

ΠH
t = ωBγ

B,C
t (1− τw,t)NB,tWtGB,H

(
ϖH

B,t, 0
)
−RH,wb

B,t−1B
H,wb
B,t−1 (46)

where

GB,H (ϖ1, ϖ2) =

 (1− µB,H)

[∫ ϖ2

ϖ1

ϖdF (ϖ)−ϖ1 [F (ϖ2)− F (ϖ1)]

]
+(ϖ2 −ϖ1) (1− F (ϖ2))

(47)

The bank conglomerate absorbs the cost of default on mortgage loans as loss since it
cannot be passed through to volumes or rates in this market.

18In loan concessions for expensive real estate, there is room for strategic decisions by banks.
However, the bulk of loan concessions in Brazil finance low-priced real estate, which is subject to
such regulation.
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2.5.4 Banks

Banks are like treasury departments with a mandate on strategic decisions about
dividend distribution, bound by regulatory constraints. Each bank j collects demand
deposits DD

j,t, time deposits DT
j,t and savings deposits DS

j,t. After complying with cur-
rent regulation and making strategic decisions on capital accumulation and balance
sheet composition, the bank channels the available resources to lending and mortgage
branches.

Banks have to comply with a number of regulatory requirements. Although the choice
of regulation introduced in the model was made to reflect the regulatory framework
faced by banks operating in Brazil, most of them are common place in the world.
First, funding in the money market is subject to reserve requirements. In addition to
unremunerated reserve requirements, which are commonly addressed in the literature
and have been employed at various frequencies worldwide, we introduce remunerated
requirements on savings and time deposits, and an ”additional” reserve requirement
detailed below 19. Second, the benchmark model introduces a simplified version of
Basle 1 and Basle 2-type capital requirement, which is based on the computation
of capital adequacy ratios after weighting bank assets according to their risk factors.
Third, we introduce an idiosyncrasy of the Brazilian regulatory framework that relates
to the markets of savings deposits and housing loans. Finally, we introduce tax
collection on specific credit operations in addition to an expense-deductible income
tax on conglomerate’s activities.

Banks have preferences over some balance sheet components, particularly liquidity
and time deposits. These preferences are introduced as targets to be attained in
the balanced growth path. We let the data determine the power of each of these
assumptions by estimating cost-elasticity parameters. These frictions are necessary
for the model to pin down the balances of public bonds and time deposits at the
retail money fund’s portfolio Rt = RT

t .

Bank j′s balance sheet is:

Bb
E,j,t +BC,b

B,j,t +BH,b
B,j,t +BOM,j,t

+RRT
j,t +RRS

j,t +RRD
j,t +RRadd

j,t −RRS,H
j,t

}
=

{
DT

j,t +DS
j,t +DD

j,t

+Bankcapj,t
(48)

where Bankcapj,t is net worth, BOM,j,t is liquidity in the form of public bonds,
RRT

j,t, RR
S
j,t, and RR

D
j,t are required reserves on time, savings and demand deposits,

respectively, and RRadd
j,t are additional required reserves20.

19Reserve requirements in Brazil have been used for a number of reasons: general financial stability
concerns, disruptions in specific segments of the credit or bank liquidity market, overall economic
stability, or, outside the sample considered for estimation in this paper, for income distribution
(Carvalho & Azevedo (2008), Montoro & Moreno (2011), Mesquita & Torós (2011), Tovar, Garcia-
Escribano & Martin (2012))

20In addition to traditional reserve requirements on the main types of bank deposits, the Central
Bank of Brazil has often used so called ”additional reserve requirements”, whose incidence base
is the same as standard required reserves. However, these additional reserve requirements can be
remunerated differently from their standard counterparts or have a different form of compliance. For
simplicity, we assume in our model that they have a homogeneous incidence rate upon the simple
average of all deposits. Other types of reserve requirements have been eventually introduced in
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Reserve requirements are determined as:

RR
(·)
j,t = τRR,(·),tD

(·)
j,t (49)

RRadd
j,t = τRR,add,t

(
DD

j,t +DT
j,t +DS

j,t

)
(50)

where τRR,(·),t are required ratios set by the government and follow AR(1) processes
around the steady state. Reserve requirements deposited at the monetary authority
accrue the same rate as their incidence base.

Banks that take savings deposits in Brazil are constrained by a requirement to extend
a fraction of their savings deposits as loans to low-priced housing. However, about
one third of the outstanding balance of housing loans in Brazil are extended by the
publicly-owned bank Caixa Econômica Federal (CEF) with funds from the Severance
Indemnity Fund (FGTS). For this reason, we let RRS,H

j,t represent funding for housing
loans obtained from the FGTS. For simplicity, we assume that FGTS funds fill the
gap between required and actual destination of savings deposits to housing loans.

RRS,H
j,t = τH,S,tD

S
j,t −BH

B,j,t (51)

Banks make no strategic decisions with respect to housing loans or interest rates on
savings deposits. On the other hand, the balance of time deposits is chosen by the
bank, subject to adjustment costs that potentially reproduce the strong persistence
in the data:

ΓT

(
DT

j,t

DT
j,t−1

)
≡ ϕT

2

(
DT

j,t

DT
j,t−1

εDT
t − gϵ,tπC,t

)2

(52)

Bank capital accumulates with the net flow of resources from bank operations, FCb
j,t,

reduces with dividend distribution, PC,tCB,j,t, and is subject to shocks εbankcapt that
potentially capture changes in market’s perception of bank capital quality or any
other shocks that change the marked-to-market value of banks’ net worth21. The
capital accumulation rule is:

Bankcapj,t = Bankcapj,t−1 + FCb
j,t − PC,tCB,j,t +Bankcapj,tε

bankcap
t (53)

For regulatory purposes, banks are constrained by a minimum capital requirement
γBankK
t modeled as an AR(1) process with a very high persistence. Compliance with

the minimum requirement is assessed through the computation of capital adequacy
ratio CARb

j,t, which measures how much of risk-weighted assets can be backed up by
bank’s net worth:

BIj,t =
Bankcapj,t
CARb

j,t

(54)

Brazil, such as requirements on marginal changes in deposits, among others.
21Our modeling choice dispenses with the need to artificially introduce depreciation to bank

capital, which is essentially a financial variable.
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where CARb
j,t is

CARb
j,t = τχ1B

C,b
B,j,t + τχ2B

b
E,j,t + τχ3B

H,b
B,j,t + τχ4BOM,j,t + ϵCAR

j,t

and where τχ(·) are risk weights modeled as AR(1) processes and ϵCAR
t is an AR(1)

process centered on the value of risk-weighted assets that compose actual CAR’s in
Brazil but that are not included in the model.

The Brazilian financial system operates with a significant capital buffer (5.4 p.p.
over the minimum required as of 4Q2013, and 5.7 p.p., on average, since 2000). After
the break of the financial crisis in 2008, banks even raised the capital buffer (7 p.p.
over the minimum required in 2009). Although internal financing is usually costlier
than external financing, the capital buffer has a potential signaling effect of banks’
soundness, with positive effects on wholesale funding costs and on the probability of
sudden stops in funding facilities. In addition, capital buffers can also prevent banks
from falling short of the required minimum, an event that could result in undesired
supervisory intervention.

We introduce precautionary capital buffer by letting banks face an appropriate cost
function when deviating from the minimum capital requirement. Since the model
solution is linearized around the balanced-growth path, it suffices to introduce a cost
function that fulfills Γ′

bankK < 0, Γ′′
bankK > 0, and, at the balanced growth path,

ΓbankK

(
BI

γBankK

)
= 0, where

BI

γBankK
> 1 . For convenience and w.l.g., since the cost

parameters that affect the model dynamics are estimated, we choose the following
representation:

ΓbankK

(
BIj,t
γBankK
t

)
=
χbankK,2

2

(
BIj,t
γBankK
t

)2

+ χbankK,1

(
BIj,t
γBankK
t

)
+ χbankK,0 (55)

The one-period cash flow from bank j’s operations is:

FCb
j,t =


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γBankK
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− νOM

t
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Lb
t −

χd T

2

(
DT

j,t

Lbbj,t
− νd T

t

)2

Lb
t

+ΠL
j,t + Ξb

j,t

(56)
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where s
adm,(·)
t are administrative costs, which we assume to be proportional to the

respective loan portfolio, τB,(·),t are tax rates on credit operations, R
(·)
RR,t are the

remuneration on bank reserves deposited at the monetary authority, χOM and χd T

are cost parameters that respectively translate into financial terms the gap between
banks’ liquidity and time deposit positions from their targeted path. Ξb

j,t is a lump-
sum transfer to insure against cash flow variations from interest rate rigidity, which
allows for a representative bank

Ξb
j,t = (RE,t−1 −RE,j,t−1)B

b
E,j,t−1 +

(
RC

B,t−1 −RC
B,j,t−1

)
BC,b

B,j,t−1 (57)

and ΠL
j,t are lump sum transfers from conglomerate branches to bank j, introduced

in the model to facilitate aggregation:

ΠL
j,t = ΠE,LB

j,t +ΠC,LB
j,t +ΠL,B,C

j,t +ΠL,B,H
j,t +ΠL,E

j,t (58)

ΠE,LB
j,t = BE,j,t − ωEBE,t (59)

ΠC,LB
j,t = BC

B,j,t − ωBB
C
B,t (60)

ΠL,B,C
j,t = γB,C

t (1− τω,t)ωBNB,tW
N
t GB,C

(
ϖB,t, ϖ

H
B,t

)
−RC

B,t−1B
C
j,B,t−1 (61)

ΠL,B,H
j,t = γB,C

t (1− τω,t)ωBNB,tW
N
t GB,H

(
ϖH

B,t, 0
)
−RH

B,t−1B
H
j,B,t−1 (62)

ΠL,E
j,t =

[
γEt
(
RK

t + PK,t (1− δK)
)
Kt−1G (ϖEt, σE,t)−RE,t−1Bj,E,t−1

]
(63)

Banks choose the stream of real dividend distribution {CB,j,t} to maximize

E0

{∑
t≥0

βt
Bank

[
1

1− σB

(
CB,j,t

ϵt

)1−σB

]
εβ,Bt

}
(64)

subject to (39), (44), and (48) to (57), where CB,j,t = divbj,t/PC,t , and div
b
j,t are banks’

nominal dividends. We assume that banks’ intertemporal discount factor βBank is
lower than banks’ stockholders’. This is a shortcut to a practical assessment on risk
in the savers’ investment choices, since bank shareholders demand a return on their
risky investment in bank operations that is higher than their risk-free opportunity
cost Rt.

Let ΛBank
jt be the Lagrange multiplier associated with the capital accumulation con-

straint (53), νBank
j,t be the Lagrange multiplier of the balance sheet constraint, and

η
Bank,(·)
j,t be the Lagrange multiplier of the lending branches’ demand from loans. First
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order conditions to bank j’s optimization problem are:

1

ϵt

(
CB,j,t

ϵt

)−σB

εβ,Bt = ΛB
j,t (65)

ΛBank
j,t

(
1− εbankcapt

)
=
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(67)

ΛBank
j,t =


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ΛBank
j,t =
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ΛBank
j,t =


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First order conditions for retail lending rates can be recursively represented as:

RC,O
B,j,tβBankℵR,BC,2

j,t =
µR
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µR
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j,t (73)
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ℵR,BC,2
j,t = Et

∑
i≥0

ξiB,Cβ
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Bank

ΛBank
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Et
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Commercial lending rates have analogous representations.

These FOC show that the relevant opportunity cost for the bank is not just the
base rate. By keeping the impact on the following periods fixed, it is easy to see
that higher capital buffers and deviations from the optimal ratio of time deposit can
increase banks’ opportunity cost. Moreover, considering small deviations from the
optimal liquidity buffer, a greater liquidity decreases the opportunity cost so as loans
interest rates became more appealing to credit borrowers. On the other hand, on
liquidity shortage the opportunity cost increases and loans became more expensive,
which launch assets reshuffle. Since βBank < βS, the shadow price of the marginal
amount of bank capital is higher than one of external funds.

2.6 Government

The government is composed of a monetary and a fiscal authority. The monetary
authority sets the base rate of the economy, regulates on reserve requirements, capital
requirements, and housing loan concessions. The fiscal authority purchases goods,
issues public bonds, levies taxes, and makes lump sum transfers to households.
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2.6.1 The monetary authority

The base interest rate is set by the monetary authority according to:

R4
t =

(
R4
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)ρR [(Et
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1

π4
t

)γπ (gdpt
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)γY

R4

]1−ρ(
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πC,t−1

)γ∆π

εRt (76)

where unsubscribed R is the equilibrium nominal interest rate of the economy given
the steady state inflation π, π4

t is a time-varying inflation target, and gdpt =
GDPt

ϵt
is

the stationary level of output that excludes banking costs:

GDPt = Yt − Tbank,t (77)

Tbank,t =


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where
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The time varying inflation target follows
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t (79)

2.6.2 The fiscal authority

The fiscal authority consumes final goods according to the rule:

Gt

ϵt
= ρg

(
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where lower-case variables denote stationary variables, g is the steady state value of
stationarized government consumption, and the auxiliary B stands for the govern-
ment debt relevant for fiscal consolidation. Government consumption has a role in
stabilizing gross public sector debt, which incorporates central bank’s liabilities.

Public debt issued by the government meets the demand from the retail money fund
and the wholesale bank:

Bt = BOM,t +BF,t (81)

Tax rates τC,t, τw,t, τΠ,t,and τB,B,t follow AR(1) processes around their steady states22.

The joint public sector budget constraint is
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2.7 Market clearing

Market clearing requires:

Y d
t = Y C,d

t + Y G,d
t + Y IK ,d

t + Y IH,d
t (83)

Y G,d
t = Gt, Y

IH,d
t = IH,t, Y

IK,d
t = IK,t, Y

C
t = Ct

Further details on aggregation and market clearing are in the technical appendix.

3 The steady state and calibrated parameters

The model variables were stationarized by dividing real variables by the technology
shock ϵt and nominal variables by both the technology shock and the consumer price
level PC

t .

Regardless of the model, pinning down the steady state of the Brazilian economy is an
exercise that involves a great amount of judgement. Most series have trends, and long
series are the exception, not the rule. In addition, some markets have been deepening
over the past years, adding uncertainty about what is trend, what is transition, or
what is structural change. The prescription of using filtered series when trends are
an issue does not apply indistinctly for Brazilian data. Filtered series in many cases

22Due to lack of time series of tax levied on financial intermediation disaggregated in private
individuals and firms, we assume that τB,E,t is a fixed proportion of τB,B,t.
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give the wrong idea of where economic variables are in the business cycle.

With that in mind, we took the stance of using two different strategies to calibrate
the steady state. The main economic ratios were fixed according to their average in
the inflation targeting period (Table 1)23. The base rate and GDP growth were also
fixed according to the average in this period.

Bank series show serious trend and transition issues (Figure 1). Over the past decade,
credit-to-GDP ratios have accelerated. This brings important challenges to calibrate
the steady state of the model. The observed acceleration has not been accompanied
by an increased perception of risk. Absolute levels of credit as a share of GDP are
still low compared to international evidence. The ratio between non-mandatory loans
and time deposits has declined during most part of the credit acceleration period,
indicating that more stable funds are stepping in to finance the increased demand
for loans. We expect the financial deepening of the economy to proceed with further
rounds of sustainable credit expansion. However, since we cannot take a stand on
what the equilibrium credit level will be given structural changes which the Brazilian
financial sector has undergone, we chose to calibrate the shares of loans and deposits
to GDP, as well as lending rates and the markdown of savings rates, according to the
most recent observations in the data.

The ex-ante steady state default ratios were set at 2.9% for investment loans and
7% for retail loans, in line with recent available data on actual default. We fixed
steady state lending rates and balances as shares of GDP, in addition to banking
spread components. We set the variance of the idiosyncratic shock to entrepreneur’s
collateral value (σE) to 0.58 to calibrate capital depreciation at 1.5% per quarter24.
The variance of the idiosyncratic shock to borrower’s committed income (σB) was
fixed at 0.225. From these assumptions, all the remaining variables related to finan-
cial accelerators, including threshold levels of idiosyncratic shocks, LTV ratios, and
monitoring costs are obtained after evaluating the model at the steady state. The
stock of capital is then determined from the entrepreneur’s financial accelerator.

The capital adequacy ratio was fixed at the actual average of the Brazilian Financial
System26 since the beginning of the series on December 2000. Required capital was
set at 11%, the regulatory rate for tier-1 capital since the implementation of Basle
1. Risk weights on bank assets were set at the actual values reported by Brazilian
banks on portfolios that bear correspondence with the model (1.5 for retail loans,
1 for investment loans, 0.9 for housing loans, and 0 for government bonds). Given
the capital adequacy ratio and banks’ intertemporal discount factor, we calibrated
the intercept and the slope parameter of the cost function associated with deviations

23In this table, GDP ratios are expressed in terms of yearly GDP. In the implementation of the
model, the ratios were all computed in terms of quarterly GDP.

24At the initial stage of the estimation process, attempts to estimate σE resulted in unrealistically
high capital depreciation rate and low capital stock.

25This parameter has an important effect on the model’s impulse responses. Higher values drive
the responses of retail loans to monetary policy rate shocks to a very unlikely region.

26The reported capital adequacy ratio does not include development banks, such as the National
Development Bank (BNDES).
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from the capital requirement. Then, the curvature parameter could be estimated.

We assumed a log-linear utility function at banks’ optimization problem, and set
bank’s intertemporal discount factor at 0.98 which would represent a 17.5% nominal
return on banks’ dividends27.

Reserve requirement ratios were fixed at the average of their effective ratios, which
were calculated as the share of reserves deposited at the central bank to the volume of
deposits in the economy. For time deposits, the average ratio was taken from Decem-
ber 2001 onwards, when this requirement was last reintroduced. Average additional
reserves were calculated from the series starting on December 2002, when they were
introduced. Requirements on savings accounts and demand deposits were averages
of the entire inflation targeting period.The minimum required allocation of savings
deposits in housing loans was set according to the actual compliance28.

The tax on financial transactions was calibrated to match the share of indirect tax on
banking spreads, as reported by the Central Bank of Brazil on its Banking Reports29.

The participation of each group of households in labor, consumption goods and hous-
ing has important implications for the model dynamics. As a result, we attempted
to find out-of-the-model relations that could help pin down such participation. We
fixed the share of housing consumed by borrowers in the steady state as the ratio
between the approximate value of collateral put up in housing loans and the model’s
implied value of real estate in the economy30. We also assumed that the government
does not make transfers to borrowers31.

From the assumed ratios of banks’ balance sheet components, we obtained the steady
state balance of public bonds at banks’ assets, and consequently pinned down banks’
liquidity target. From the assumed ratio of public debt, we calibrated the total stock
of public bonds in the economy and at the retail money fund’s portfolio.

4 Estimation

The model was estimated using Bayesian techniques, after log-linearization around
the steady state. The following time series were used as observable variables:

• Consumer inflation
(
πobs
C,t

)
: inflation index used to assess compliance with the

27The impulse responses are not sensitive to this parameterization as long as 0.9 << βBank < βS .
Values near the lower bound imply unlikely responses to monetary policy shocks.

28The actual compliance does not include compliance in the form of securitized debt (FCVS) or
other instruments that alleviate the burden of the requirement.

29www.bcb.gov.br/?spread
30Since the LTV ratio in housing loans was 0.6 in 2012, we assumed that the value of the collateral

in this market was twice the stock of loans divided by the LTV ratio.
31By the time we finished this version of the paper, we had not had access to data on debt

commitment by indebted households. We thus fixed borrowers’ participation in the labor market
under the arbitrary assumption that indebted households in Brazil have a debt commitment of 50%
of their annual labor income.
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inflation target (IPCA - Índice de Preços ao Consumidor Amplo – IBGE).

• Inflation target
(
π̄obs
C,t

)
: 4-quarter-ahead actual inflation target.

• Nominal interest rate
(
Robs

t

)
: quarterly effective nominal base rate (Selic).

• Aggregate private consumption
(
cobst

)
: share of seasonally adjusted private con-

sumption in nominal values to the seasonally adjusted proxy for a closed econ-
omy nominal GDP. The proxy for a closed economy GDP was calculated as the
sum of the nominal values of private and public consumption and fixed capital
formation.

• Government consumption
(
gobst

)
: share of seasonally adjusted government con-

sumption in nominal values to the seasonally adjusted proxy for a closed econ-
omy nominal GDP.

• Unemployment
(
U obs
t

)
: Brazilian National Statistics Institute (IBGE)’s new

unemployment series with missing values filled up by an interpolation of a
series econometrically built from IBGE’s discontinued series of unemployment.
The resulting series was detrended by its mean from 1999Q1 to 2012Q1.

• Real wage change
(
∆wobs

t

)
: quarterly change in IBGE’s seasonally adjusted

real wage series with missing values filled up by an interpolation of a series
econometrically built from IBGE’s discontinued series of real wages.

• GDP
(
ĝdp

obs

t

)
: HP cycle of the log of the proxy for the real GDP of the

closed economy. This proxy was constructed by deflating the proxy for the
closed economy nominal GDP by a composite of consumer and producer price
inflation, to proxy for the quarterly GDP deflator.

• Installed capacity utilization
(
uobst

)
: quarterly capacity utilization published by

Fundação Getúlio Vargas, demeaned by the average from 1999Q1 to 2012Q2.

• Bank capital
(
bankcapobst

)
: Brazilian financial system’s core capital as defined

by the Central Bank of Brazil, as a share of quarterly nominal GDP. Both series
are seasonally adjusted.

• Capital adequacy ratio
(
CARobs

t

)
: actual average capital adequacy ratio of the

Brazilian financial system

• Commercial loans
(
bobsE,t

)
: stock outstanding of investment loans granted by

banks with freely allocated funds as a share of quarterly nominal GDP. Both
series are seasonally adjusted.

• Retail loans
(
bC,obs
B,t

)
: stock outstanding of retail loans granted by banks with

freely allocated funds as a share of quarterly nominal GDP. Both series are
seasonally adjusted.

• Housing loans
(
bH,obs
B,t

)
: stock outstanding of regulated mortgage loans to house-

holds as a share of quarterly nominal GDP. Both series are seasonally adjusted.
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• Lending spread for commercial loans
(
ŘL,obs

E,t

)
: Ratio between the quarterly

effective nominal interest rate on investment loans granted with freely allocated
funds and the base rate. The lending rates on each type of loan are weighted
by their respective stock outstanding. Missing observations at the beginning
of the series were filled up by an interpolation of the series of lending rates on
retail loans.

• Lending spread for retail loans
(
ŘL,obs

B,C,t

)
: Ratio between the quarterly effective

nominal interest rate on retail loans granted with freely allocated funds and
the base rate. The lending rates on each type of loan are weighted by their
respective stock outstanding.

• Lending spread for housing loans
(
ŘL,obs

B,H,t

)
: Ratio between the quarterly effec-

tive nominal interest rate on housing loans granted with freely allocated banks’
funds and the base rate. The lending rates on each type of loan are weighted
by their respective stock outstanding. Although the bulk of housing loans in
Brazil are granted with mandatorily allocated funds, the series for lending rates
on these loans is only available from September 2000 onwards.

• Default rate on commercial loans
(
defaultobsE,t

)
: investment loans in arrears for

over 90 days as a share of total outstanding investment loans.

• Default rate on retail loans
(
defaultobsB,t

)
: retail loans in arrears for over 90 days

as a share of total outstanding retail loans.

• Time deposits
(
dT,obst

)
: quarterly average of the total stock of non-financial in-

stitutions’ and households’ time deposits held by the Brazilian financial system
as a share of nominal quarterly GDP. Both series are seasonally adjusted.

• Demand deposits
(
dD,obs
t

)
: quarterly average of the total stock of non-financial

institutions’ and households’ demand deposits held by the Brazilian financial
system as a share of nominal quarterly GDP. Both series are seasonally adjusted.

• Savings deposits
(
dS,obst

)
: quarterly average of the total stock of non-financial

institutions’ and households’ savings accounts in the Brazilian financial system
as a share of nominal quarterly GDP. Both series are seasonally adjusted.

• Markdown on savings rates
(
µRS ,obs
t

)
: Ratio between the quarterly effective

nominal interest rate on savings accounts and the base rate.

• Required reserve ratio on time deposits
(
rrT,obst

)
: quarterly average balance of

required reserves on time deposits held at the central bank as a share of the
total balance of non-financial institutions’ and households’ time deposits held
by the Brazilian financial system.

• Required reserve ratio on demand deposits
(
rrD,obs

t

)
: quarterly average balance

of non-remunerated required reserves on demand deposits held at the central
bank as a share of the total balance of non-financial institutions’ and households’
demand deposits held by the Brazilian financial system.
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• Required reserve ratio on savings deposits
(
rrS,obst

)
: quarterly average balance

of required reserves on savings accounts held at the central bank as a share of
the total balance of non-financial institutions’ and households’ savings deposits
held by the Brazilian financial system.

• Additional required reserves ratio
(
rradd,obst

)
: quarterly average balance of sup-

plementary required reserves on demand, time and savings deposits held at
the central bank as a share of the total balance of demand, time and savings
deposits held by the Brazilian financial system on behalf of non-financial in-
stitutions and households. Although the incidence base of additional required
reserves singles out each type of deposit, we choose a simplified approach to
calculate the aggregate effective required reserve ratio.

• Civil construction
(
constobst

)
: quarterly change in IBGE’s seasonally adjusted

index of civil construction.

The data were sampled from the inflation targeting period in Brazil (1999:Q1 to
2012:Q4). Missing variables were filled up with standard Dynare routines. Employ-
ment in the model was mapped into the unemployment series according to:

(
1 + βS

)
Et = βSEt+1 + Et−1 +

(
1− βSξE

) (1− ξE)

ξE
(Nt − Et)

∆wobs
t =

Wt/P
C
t ϵt

Wt−1/PC
t−1ϵt−1

/∆n (84)

where ∆n is the steady state growth of the employed population. This bridge equation
traces to Smets & Wouters (2007).

For the choice of prior means, we used information from Brazilian-specific empiri-
cal evidence, whenever available, or drew from the related literature. We tried to
compensate the arbitrariness in the choice of some priors by setting large confidence
intervals. Table 2 shows the results of the estimation, including prior and posterior
moments32.

Table 3 reports the variance decomposition of selected variables33. Shocks to tech-
nology, preferences and capital investment are the main drivers of output volatility.
Unemployment and inflation are mostly driven by markup, preference and tempo-
rary technology shocks. Shocks to LTVs or debt-to-income ratios explain most of the
variance in the volume of loans, suggesting that the trend in these series is captured
by these shocks. Capital investment is also importantly influenced by the shock to
entrepreneurs’ LTV ratios. On the other hand, housing investment is not significantly
affected by financial shocks. Capital adequacy ratios are mostly driven by shocks to
bank capital and also importantly by shocks to LTV ratios.

32We used Dynare to conduct the log-linear approximation of the model to the calibrated steady
state and to perform all estimation routines. We ran 2 chains of 180,000 draws of the Metropolis
Hastings to estimate the posterior.

33The shocks included in the table correspond to those whose standard deviation was estimated.
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5 Impulse Responses

To study the model’s features, we computed Bayesian impulse responses to the shocks
in the model using the standard Dynare toolkit. 95% confidence intervals are plot-
ted alongside the estimated mean response. The discussion below focuses on policy
shocks.

The estimated model features traditional shapes of the responses of the key macroe-
conomic variables to a monetary policy shock (Figure 9)34. Notwithstanding, the
financial frictions of the model entail more elaborate transmission channels. A 100
bp shock to the nominal base rate reduces consumption, labor and output through
the traditional channels. Financial frictions reinforce the responses. The reduction
in labor income puts pressure on the level of borrowers’ non-performing loans, in-
creasing the external finance premium, and, consequently, final lending rates. Given
higher lending rates, the demand for retail loans falls, and borrower’s consumption
further adjusts to accommodate tighter funding conditions.

Worsened demand conditions reduce prices. In particular, the fall in the price of
capital reduces the value of collateral put up for commercial loans, putting pressure
on default rates and, consequently, on the external finance premium, as predicted
by the financial accelerator mechanisms. Increased external finance premia translate
into higher lending rates, leading to a reduction in the demand for investment loans,
further depressing investment.

The increase in the base rate puts pressure on banks’ external and internal funding
costs. The reduction in the demand for bank loans is accommodated through an
expansion in banks’ liquidity buffer and a retrenchment of profit distribution. The
recomposition of banks’ balance sheet towards safer assets and larger capital accu-
mulation improves the capital adequacy ratio.

The price of housing falls with depressed demand conditions, therefore lower collateral
values reduce the volume of mortgage loan concessions.

Reserve requirement ratios were shocked at 10 p.p., a magnitude that is not unusual
in practice. This implies that reserve requirements on demand deposits rise on impact
to 59.6%, from the steady state level of 49.6%, reserve requirements on time deposits
rise to 21% from 11%, reserve requirements on savings accounts rise to 28% from
18%, and the additional requirement rises to 17.6% from 7.6%.

The 10 p.p. shock to unremunerated reserve requirements on demand deposits(
τDRR,t

)
(Figure 13) has very limited contractionist impact on the real economy. Al-

though this might seem at odds with the literature, we argue below that the base-
effect has an important contribution to this result. The most important effects are
restricted to banks’ balance sheets, with some spillover to decisions on capital in-
vestment. Increased reserve requirements could be fulfilled with an unleash of bank
liquidity or an increase in funding sources. On impact, banks immediately cut down

34We present the IRFs of temporary technology and price markup shocks in the appendix (Figures
10 and 11). The focus of the paper is on macroprudential shocks, so we drop the discussion of those
shocks.
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on their liquidity buffer. Rigidities in time deposits allow banks to only gradually
adjust this funding. Therefore, banks find it optimal to retain earnings to alleviate
some of the burden of liquidity shortage. The liquidity shortage triggers an important
increase in banks’ funding cost, which is only partially passed through to final lend-
ing rates, since leverage is not under pressure from the real economy. Higher lending
rates for commercial loans reduce the demand for investment goods, which drives the
price of capital down, further constraining credit conditions for entrepreneurs.

A shock to (remunerated) reserve requirements on time deposits (Figure 14) has a
similar transmission, yet the responses are substantially stronger. The main distinc-
tion in the transmission of this shock rests on bank’s profits and dividend distribution.
Since this reserve is remunerated at the base rate, the pressure on asset remuneration
is not as strong as that produced by increased unremunerated reserves. As a result,
banks choose not to retain dividends.

A shock to (remunerated) reserve requirements on savings accounts (Figure 15) is
qualitatively analogous to that on reserve requirements on time deposits. The am-
plitude of the responses is lower since the incidence base of reserve requirements on
savings accounts is about half of that on time deposits.

An unanticipated 1 p.p. increase in required capital, from 11% to 12% (Figure 16),
has striking effects on banks’ funding costs. When the shock hits, bank assets are
permanently reshuffled to improve the capital adequacy ratio. On impact, interest
rates on retail and investment loans increase by roughly the same amount. However,
as entrepreneurs start to reduce leverage and their financing costs, interest rates and
total volume of commercial loans decrease faster than retail loans. As a result of
higher interest rates, investment decreases and drags GDP down. Borrower con-
sumption falls to a lower plateau, but is partially compensated by increased saver’s
consumption. GDP falls and remains dampened over a long horizon.

Banks accumulate dividends to improve their net worth position. The increase in
bank capital is channeled towards bank liquidity. Monetary policy immediately re-
acts to worsened economic conditions, which dampens the pass through of worsened
credit conditions to the rest of the real economy. That is generated through the
impact of low base rates on savers’ consumption. Faced with lower rates of return on
their assets, the saver anticipates consumption and, consequently, increases savings
deposits, since the latter have a strong elasticity in savers’ utility function.

If monetary policy is kept unchanged after a shock to capital requirement ratios,
funding costs, the accumulation of bank capital and the liquidity buffer are not sub-
stantially changed. However, since monetary policy cannot alleviate the burden of
tighter credit conditions on the real economy, and in particular in the labor market,
lending rates rise more in response to a deteriorated condition for loan concessions
to borrowers. The final drop in GDP is therefore much more severe as the impact of
the shock builds up.

Figures 17 and 18 show the impact of a 10 p.p. to the risk weights on retail loans
and investment loans. Although they immediately affect their specific sectoral interest
rate, their impact also spills over to the other credit segment. To improve their capital
adequacy ratios, banks increase their liquidity buffer and raise lending rates on both
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retail and investment loans to cut down on the stock of credit. Dividend distribution
is reduced so as to accelerate bank capital accumulation. Tighter credit conditions
impact households’ consumption causing a contractionist impact on output and the
labor market. Figure 19 shows the impact of a shock to the risk weight on housing
loans. As the bank has no control on regulated housing loans interest rates, it may
only increase the interest rates of investment and retail loans, in order to reduce risk
weighted assets and accumulate dividends. Housing loan rates decrease because, by
regulation, they are linked to the base interest rate.

The analysis of the model responses over a 12 quarter horizon indicate that macro-
prudential instruments are not as effective as monetary policy to affect the real econ-
omy35 (Table 4). A 1 p.p. increase in the yearly base rate has a stronger impact on
GDP and inflation than any of the scaled shocks to macroprudential instruments. In
particular, the impact of the scaled monetary policy shock on inflation is 3.5 times
stronger than a 1 p.p. shock to capital requirement.

A 1 p.p. increase in capital requirement represents an output loss of 1.1% over 12
quarters, and very limited impact on inflation (0.8%). The impact of this instrument
on bank loans is stronger. In particular, the retrenchment in commercial loans after
a capital requirement shock is the strongest amongst bank loans, mostly due to the
type of collateral (physical capital) put up in the operation, which takes longer to
recover after initial impacts.

Housing loans do not respond as much to capital requirements as they do to monetary
policy shocks because they closely track the housing colateral value, which is more
sensitive to the base rate shock. The impact of monetary policy shocks on retail and
commercial loans over a 12 quarter horizon is substantially less important than scaled
shocks to capital requirements or reserve requirements.

Increases of the same magnitude in sectoral risk weights do not spread uniformly to
the credit market whose risk was reassessed. In particular, a 10 p.p. increase in
the risk weight of commercial loans reduces the outstanding balance of these loans by
12.5%, whereas the same increase in the risk weight of retail loans reduces these loans
by 2.5%. There is some spillover to the other credit sectors, but to a much lesser
extent. Changes in risk weights of housing loans are practically neutral since banks
cannot directly influence the demand over and above what the base rate already does.

Finally, the impact of shocks to reserve requirements is likely over-estimated since
their autoregressive response was assumed to be much higher (0.99) than the smooth-
ing coefficient of the Taylor rule (0.81)36.

35These exercises were carried out under the assumption that monetary policy followed the esti-
mated Taylor rule.

36We set the ρτ,(·) = 0.99 to emulate the belief that once reserve requirements are changed, the
new ratio is the best prediction for any future ratios.
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6 Counterfactual exercises

We set the model parameters at the estimated mean of the posterior distribution to
conduct counterfactual exercises on different set-ups of macroprudential tools. This
allows us to improve our understanding of the transmission channels operating in the
modeled economy.

6.1 Removing the base-effect of reserve requirements

A fair comparison of the potential impact of reserve requirements needs to take into
account the size of their incidence base. In order to set aside the size effect of the
incidence base, we shocked each reserve requirement ratio so that the increase in the
incidence base would be equal for all types of instruments. In particular, we applied
a 50 p.p. shock to reserve requirements on demand deposits, a 7 p.p. shock to reserve
requirements on time deposits, and a 15 p.p. shock to reserve requirements on savings
deposits. Figure 24 shows the comparative impulse responses. In all cases, monetary
policy was kept unresponsive.

The responses show that reserve requirements on demand deposits have a stronger
impact on the real economy. The qualitative effects of the shocks are similar for most
variables, and are in accordance with the IRFs discussed above. The impact of reserve
requirements on savings accounts is stronger than that of reserve requirements on time
deposits, since interest rates on savings accounts are regulated by the government,
and are usually lower than the base rate.

6.2 Nonresponsive monetary policy

We carried out an exercise in which monetary policy is not allowed to react to eco-
nomic conditions after a shock to reserve requirement ratios. That is to reproduce a
situation in which reserve requirements are auxiliary instruments to monetary policy.

Figure 20 compares the responses to a 10 p.p. increase in the ratio of reserve re-
quirements on demand deposits in both environments, one in which the monetary
policy follows the estimated Taylor rule, and the other where the base rate is kept
unchanged throughout the perturbed period37. When monetary policy is unrespon-
sive, the impact of changes in reserve requirements on GDP is stronger and more
prolonged. When banks increase lending rates to accommodate the increase in fund-
ing costs, savers’ consumption is no longer stimulated through lower base rates, since
monetary policy is kept unresponsive. As such, the impact on the demand for goods
is not alleviated, and consequently the drop in the demand for labor curtails bor-
rowers’ capacity to take loans. As a result, borrowers’ consumption is more severely
affected. Further reinforcement to the shock comes from the higher cost of funding
(since the baseline scenario implies an expansionist monetary policy). As a result of
a stronger divestment of riskier bank assets, the capital adequacy ratio rises more

37To do this exercise, we perturbed the model with unexpected shocks to the interest rate rule
such that the nominal base rate would remain at the steady state level over the perturbed period.
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when monetary policy is unresponsive.

The analysis of the responses to changes in the ratios of remunerated reserve require-
ments, either on time deposits or savings accounts, when monetary policy is kept
unchanged, yields the same conclusions outlined above (Figures 21 and 22).

6.3 Anticipated vs. unanticipated announcements of changes

in capital requirements

The baseline model assumes that innovations in required capital are not anticipated
by economic agents. However, changes in capital requirements are usually announced
with a substantial lag to the implementation. To investigate whether announcements
made prior to the actual implementation of this instrument trigger any anticipatory
behavior, we compare the impulse responses of the model under two alternative sce-
narios: one in which the macroprudential authority announces a 1 p.p. increase in
required capital to be implemented only 4 quarters after the announcement, and the
other in which the announcement is synchronized with implementation. Figure 27
shows the results.

Previous announcements trigger an anticipatory behavior in banks’ decisions. Banks
immediately start to retain dividends and show a better performance in improving
their capital adequacy ratios over the entire period. In this respect, announcements
are more effective in reducing the risk exposure of the economy even after the shock
hits. Economic agents also anticipate the impact of the shock and the demand for
loans becomes more sensitive to lending rates. As a result, lending rates do not need
to rise as much to curtail credit as what would occur if the shock was unanticipated.
Real variables, such as GDP and inflation are impacted from start, but show smoother
trajectories.

6.4 Alternative borrowing constraints on retail loans

In order to incorporate debt-to-income borrowing constraints and credit default to
retail loans we introduced a variant of the Bernanke, Gertler & Gilchrist (1999)
model in which wage income replaces physical assets – capital or housing – as loan
collateral. To better understand the consequences of assuming this representation,
we performed some counterfactual exercises to compare this modeling choice to a
couple of alternatives commonly found in the literature: housing stock as collateral,
and strict debt-to-income borrowing constraints38.

In the version with housing collateral, we introduced the following constraint on
borrowers’ optimization problem, along the lines of Iacoviello (2005) and Gerali et al.

38To perform this exercise, we set the model parameters at the mean of the posterior estimated
on the benchmark model. The modifications in the model were restricted to the equations that we
present in this subsection and the changes that these equations imply in borrower’s optimization
program first order conditions.
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(2010):
RL,C

B,t B
C
B,t +RL,H

B,t B
H
B,t ≤ γB,C

t EtPH,t+1 (1− δH)HB,t

The second alternative model states that households’ debt constraints are strictly
tied to the current wage income39:

RL,C
B,t B

C
B,t +RL,H

B,t B
H
B,t ≤ γB,C

t (1− τw,t)NB,tW
N
t

None of these alternative models features default on household loans, so there are no
bank losses coming from default in retail credit.

Figure 28 shows the impulse responses of the three models to a monetary policy shock.
The responses from the model with strict debt-to-income constraint strongly resemble
those generated by the baseline model, a much expected result since in both cases
borrowing constraints depend on labor income. However, in the alternative model,
retail loans track labor income more tightly, while the baseline model produces a
more pronounced immediate negative response of retail credit as a result of credit
default, and allows for more consumption smoothing afterwards. Credit losses in the
baseline model also have effects on dividend distribution and bank capital, but this
mechanism is absent in the alternative specifications.

The impulse responses of the model with collateral constraint in housing show more
pronounced short term reactions to retail credit. This sort of behavior comes up
as borrowers and savers swap housing stock and labor supply among themselves in
order to smooth the unexpected impact of the monetary policy shock on borrowers’
collateral. This response does not seem very plausible, and may happen because there
is no adjustment cost in the model to prevent households from trading their housing
stock to smooth consumption, even in the short term40. Nonetheless, this exercise
shows how housing collateral may render retail credit and consumption much more
responsive to shocks that affect housing prices.

The impulse responses to a capital requirement shock are presented in figure 29.
Monetary policy reaction was muted in order to highlight the effects of increased
capital requirement. Again, the responses of the baseline model are similar to the
strict debt-to-income model, but now credit default plays a different role. In the
baseline model, as banks reduce retail credit supply to cope with the higher capital
requirement, borrowers’ leverage decreases and there is less credit default. In addi-
tion, as bank credit losses are born by borrowers in the form of negative transfers,
these reduced transfers imply lower household income and consumption as compared
to the alternative model, thus the contractionary effect of the shock is stronger in the
baseline model.

39This formulation is similar, but slightly different from Mendoza (2002), in which current wage
income is tied only to debt stock, whereas our restriction associates wage income to debt plus accrued
interest rates, in order to make it closer to baseline model formulation.

40Note for instance that Iacoviello (2005) introduces housing adjustment costs that attenuate this
behavior. We decided not to introduce this feature in the alternative model to keep it as close as
possible to the baseline model.
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Furthermore, the impulse responses of the model with housing collateral are quite
different from the baseline model, and retail loans decrease considerably more than in
the other models. This could be explained by the greater sensitivity of housing col-
lateral value to higher interest rates on loans but, again, the housing stock swapping
between borrowers and savers might have an important role in this result.

6.5 Reserve requirements and the role of bank liquidity pref-

erences

The model features two transmission channels through which reserve requirements
impact banking costs and the rest of the economy: the cost channel and the liquidity
preference channel. The first one emerges from the gap between the remuneration
of required reserves at the central bank and the opportunity cost of banks’ internal
funds. If remuneration is lower than the opportunity cost, any increase in reserve
requirement ratios will produce higher funding costs to banks, which will be partially
passed on to firms and households through higher interest rates on loans. This reserve
requirement transmission channel is traditionally found in the literature (e.g., Areosa
& Coelho (2013)). However, if reserve requirement remuneration matches the bank’s
opportunity costs, this channel might be muted, and the impact of the instrument
becomes negligible.

Some categories of reserve requirements in Brazil are remunerated at the short term
policy rate – commonly taken as a good proxy of banks’ opportunity costs. By in-
troducing liquidity preferences in the bank’s problem, the model is able to produce
relevant responses to policy changes in reserve requirements, even in those fully re-
munerated by the base rate. To illustrate the point, we carried out a couple of
counterfactual exercises in which the economy undergoes a shock that increases re-
serve requirements, and compared the baseline model to an alternative model with
no role for bank’s liquidity preference (i.e., by imposing χOM = 0).

The first exercise compares impulse response functions to a permanent 1 p.p. increase
in reserve requirements on time deposits. Inasmuch as reserve requirements on time
deposits are fully remunerated, the standard transmission channel does not operate,
as shown in figure 25. According to this alternative specification, the only visible
effect of the shock is an immediate reduction in bank’s liquidity buffer, which is used
to cope with the new requirements without creating any further costs to the bank.
The baseline model, however, presents relevant responses (albeit small in absolute
magnitude) on banking costs, on lending rates, and also on real economy variables,as
banks attempt to recompose their liquidity buffer through a combination of actions
to increase time deposits and reduce loan supply.

A second exercise compares the impulse responses of both models to a permanent
1 p.p. increase in reserve requirements on demand deposits. Here, we kept the
base interest rate constant to focus on the first-round effects of changes in reserve
requirements. As reserve requirements on demand deposits yield no interest, both
transmission channels are active in the baseline model, but only the first one is
so in the alternative model. Therefore, the exercise allows us to disentangle the
transmission channels from each other. Figure 26 shows the impulse responses. Most
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of the impact on lending rates and on the real economy comes from the liquidity
preference channel, since the responses of the alternative model are considerably
smaller than those of the baseline model.

7 Conclusion

This paper presents a DSGE model with matter-of-fact financial frictions to assess
the transmission channel of a set of selected macroprudential policy instruments.
Banks’ decisions on risky retail loan concessions are grounded on the assessment of
borrowers’ labor income. Therefore, debt-to-income ratios replace loan-to-value in
one of the financial accelerators.

The model also features frictions in the optimal composition of banks’ balance sheet.
Banks are assumed to have liquidity targets, and the optimal responses imply that
liquidity buffers are used to relieve the impact of macroprudential instruments on
credit markets. Banks can also optimally choose between sources of funding: external,
via deposits; or internal, via dividend retaining.

The main macroprudential instruments introduced in this version of the model are
the traditional (Basle 1 and 2) core capital requirements, allowed for anticipated
or unanticipated implementation; reserve requirements on demand deposits, savings
deposits, time deposits, and ”additional” deposits; and risk-weights on bank assets
for the computation of capital adequacy ratios. Other policy instruments featuring
some Brazilian singularities were also included to replicate the dynamics of mortgage
loans.

The model is estimated through Bayesian techniques using Brazilian data from the
inflation targeting regime. We find that macroprudential instruments have strong
effects on banks’ balance sheet composition. The transmission to the rest of the
economy differs according to the type of instrument. For instance, shocks to reserve
requirements have a weak impact on the real economy. However, most relevant effects
are restrained to banks’ balance sheet. When the shock hits, banks unleash liquidity
to fulfill increased required reserves. Since this represents deviation from the optimal
balance sheet allocation, banks are faced with an increase in the perception of their
opportunity cost, which is partially passed through to lending rates. Even when
required reserves are remunerated at the central bank, they have a non-neutral effect
on bank aggregates and on the economy. In particular, the size of deposits in the
economy is a key variable to determine the magnitude of the impact of the shock to
the financial sector and to the real economy.

Capital requirements have the most important impact on banks’ funding costs. Since
risk considerations become prominent as banks decide on the composition of their
balance sheet to better fulfill the new requirement, the riskier loans, i.e., retail loans,
are more severely impacted in the short run. The economic impact of policy changes
is substantial, with singular dynamics. When the implementation of new capital
requirements is preceded by an announcement, banks can anticipate to the impact of
the new regulation by improving their capital adequacy from start. As a result, the
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economic effects of the shock can be seen long before the shock hits.

Monetary policy is more effective to affect the real economy, and especially inflation,
than macroprudential instruments. It is in the credit market that macroprudential
instruments have their strongest impact.

We compared the baseline model responses with those produced by household credit
constraints traditionally used in the literature: the housing collateral constraint and
the strict debt-to-income constraint. The model with housing collateral has very
different predictions from both the baseline and the strict debt-to-income constraint
model. Since housing prices strongly hit borrowers’ capacity to take loans, households
engage in an important swap in the housing market which affects the aggregate
variables of the model. The responses of the models where labor income is included
in the borrowing constraint are similar in some respects to the baseline model, but
the presence of loan losses in the baseline model renders very distinct responses in
the credit market, with some spillover to the real sector.

We also compare the baseline model responses to those in which the liquidity prefer-
ence channel is muted. We find this channel to be important for remunerated reserve
requirements to have an impact on the economy.

Despite the improvements to depict matter-of-fact frictions, and already revealing
a substantial complexity, this version cannot account for all relevant transmission
channels of macroprudential policy in Brazil. Opening the economy is one neces-
sary improvement to the theoretical setup, so that the model can address the recent
spillover of international liquidity to domestic credit conditions, the build-up of inter-
national reserves, and vulnerabilities to the financial system stemming from foreign
operations. In addition, other particularities of the Brazilian financial system, mainly
those related to the outstanding importance of public banks and their leading role in
mortgage markets, also need to be addressed in the theoretical setup if one believes
that these banks face different funding costs and have different objective functions as
compared to private banks.

Furthermore, there are important issues regarding calibration and estimation of mod-
els with financial considerations in Brazil. Trends show up all over the data, especially
in financial variables, even when they are taken as ratios of GDP. This can reflect
some structural changes such as the financial deepening that the country has recently
experienced. Traditional detrending techniques might not be suitable under such cir-
cumstances, since trends convey relevant information on leverage and debt service
coverage ratio. Moreover, data missing for key variables, such as housing prices and
stocks, and investment disaggregated between housing and capital, can also shade
the complete understanding of financial channels.
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Table 1: Steady state calibrations

Description Value

Values

gϵ GDP growth (% per annum) 3.4
πC CPI inflation (% per annum) 4.5
R Nominal interest rate (% per annum) 10.2
iH Investment in housing (% of GDP) 3.0
iK Investment in capital (% of GDP) 14.4
g Government spending (% of GDP) 20.4

DD Demand deposits (% of GDP) 3.4
DT Time deposits (% of GDP) 20.9
DS Savings deposits (% of GDP) 10.73
BB,C Retail loans (% of GDP) 12.53
BB,H Housing loans (% of GDP) 5.52
BE Commercial loans (% of GDP) 13.78

RL,B,c Nominal retail lending rate (% per annum) 34.3
RL,B,H Nominal housing lending rate (% per annum) 7.4
RL,E Nominal commercial lending rate (% per annum) 21.1
τC Consumption Tax (%) 16.2
τW Wage Tax (%) 15
τπ Tax on profits (%) 15
τB Tax on retail loans (%) 0.3

bankcap Bank capital (% of GDP) 13.0
γbankK Capital requirement (%) 11.0
τRR,T Reserve requirement ratio on time deposits (%) 11.0
τRR,S Reserve requirement ratio on saving deposits (%) 18.1
τRR,D Reserve requirement ratio on demand deposits (%) 49.6
τH Min required allocation of savings deposits in housing loans (%) 34.0

τRR,adic Additional reserve requirement (%) 7.7

Parameters

φS
R Markdown on savings deposits rate 0.76

ωS , ωB, ωE Relative size of agents 1
µw Wage markup 1.1
δH Housing depreciation (% per annum) 4

σbank Bank’s inverse elasticity of intertemporal substitution 1
βbank Bank’s utility discount factor 0.98
τχ1 Risk weight on consumption credit 1.5
τχ2 Risk weight on investment credit 1
τχ3 Risk weight on housing credit 0.9
τχ4 Risk weight on open market positions 0
µB,H Monitoring cost for housing credit 0
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C Figures

Figure 1: Retail and Investment Loans Growth over GDP and Deposits

Note: Retail and Investment Loans in this graph are outstanding balances of non-mandatory
loans of the financial system, excluding BNDES.
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Figure 4: Priors and Posteriors
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Figure 7: Priors and Posteriors
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Figure 8: Priors and Posteriors
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F Impulse Response Functions
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Figure 9: Monetary Policy Shock
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Figure 10: Temporary Technology Shock
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Figure 11: Price Markup Shock
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Figure 12: Wage Markup Shock
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Figure 13: Shock to Reserve Requirement Ratio on Demand Deposits
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Figure 14: Shock to Reserve Requirement Ratio on Time Deposits
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Figure 15: Shock to Reserve Requirement Ratio on Saving Deposits
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Figure 16: Capital Requirement Shock
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Figure 17: Sectoral Risk Weight Shock of Retail Loans in Capital Adequacy Ratio
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Figure 18: Sectoral Risk Weight Shock of Commercial Loans in Capital Adequacy
Ratio
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Figure 19: Sectoral Risk Weight Shock of Housing Loans in Capital Adequacy Ratio
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Figure 20: The role of Monetary Policy behavior on the transmission mechanisms of
a shock to Reserve Requirement Ratio on Demand Deposits

75



0 5 10
−0.2

−0.1

0

GDP
 (% ss dev)

0 5 10
−0.2

−0.1

0

Inflation
 (4−Q % ss dev)

0 5 10
−15

−10

−5

0

Interest rate
 (bp, yearly)

0 5 10
−0.1

0

0.1

Consumption
 (% ss dev)

0 5 10
−0.4

−0.2

0

Government spending
 (% ss dev)

0 5 10
−1.5

−1

−0.5

0

Capital investment
 (% ss dev)

0 5 10
0

0.5

1

Housing investment
 (% ss dev)

0 5 10
−0.4

−0.2

0

Hours
 (% ss dev)

0 5 10
−0.2

−0.1

0

Employment
 (% ss dev)

0 5 10
−0.2

−0.1

0

Real wage
 (% ss dev)

0 5 10
−0.2

0

0.2

Demand deposits
 (% ss dev)

0 5 10
0

2

4

6

Time deposits
 (% ss dev)

0 5 10
0

0.2

0.4

Savings deposits
 (% ss dev)

0 5 10
−1

−0.5

0

Retail loans
 (% ss dev)

0 5 10
−1

−0.5

0

Housing loans 
 (% ss dev)

 

 

No monetary policy reaction
Taylor rule

0 5 10
−2

−1

0

Commercial loans
 (% ss dev)

0 5 10
20

40

60

80

Retail lending rate
 (bp, yearly)

0 5 10
−20

−10

0

10

Housing lending rate
 (bp, yearly)

0 5 10
0

50

100

Commercial lending rate
 (bp, yearly)

0 5 10
−0.03

−0.02

−0.01

0

Borrowers’ EFP
 (% ss dev)

0 5 10
−0.1

0

0.1

Entrepreneurs’ EFP
 (% ss dev)

0 5 10
−1

−0.5

0

Borrowers’ leverage
 (% ss dev)

0 5 10
−2

−1

0

1

Entrepreneurs’ leverage
 (% ss dev)

0 5 10
−0.1

−0.05

0

Borrowers’ NPL ratio
 (pp)

0 5 10
−0.2

0

0.2

Entrepreneurs’ NPL ratio
 (pp)

0 5 10
−20

−15

−10

−5

Liquidity buffer
 (% ss dev)

0 5 10
−4

−2

0

Bonds at the retail money fund
 (% ss dev)

0 5 10
−1

0

1

2

Bank capital
 (% ss dev)

0 5 10
0

0.2

0.4

Basel ratio
 (pp)

0 5 10
1

1.5

2

Bank’s dividend distr.
 (% ss dev)

 

 

No monetary policy reaction
Taylor rule

Figure 21: The role of Monetary Policy behavior on the transmission mechanisms of
a shock to Reserve Requirement Ratio on Time Deposits
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Figure 22: The role of Monetary Policy behavior on the transmission mechanisms of
a shock to Reserve Requirement Ratio on Saving Deposits
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Figure 23: The role of Monetary Policy behavior on the transmission mechanisms of
a Capital Requirement Shock
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Figure 24: Comparing same scale shocks to Reserve Requirement Ratios
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Figure 25: Reserve requirement shock on time deposits - the role of bank liquidity
preference
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Figure 26: Reserve requirement shock on demand deposits - the role of bank liquidity
preference
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Figure 27: Anticipated x Non-anticipated capital requirement shocks
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Figure 28: Monetary policy shock under alternative household borrowing constraints
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Figure 29: Unanticipated capital requirement shock under alternative household bor-
rowing constraints
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