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&UHGLW�&KDQQHO�ZLWKRXW�WKH�/0�&XUYH∇

Victorio Y. T. Chu*

Márcio I. Nakane#

$EVWUDFW

This paper extends Bernanke and Blinder (1988)’s macroeconomic model of

credit channel to an environment where the monetary authority has control over

a short-term interest rate. The comparative statics regarding changes in the

market interest rate, in the required reserve ratio over bank deposits, and in the

risk of public bonds are highlighted.

.H\ZRUGV: credit channel, IS-LM model, interest rate instrument, required reserves, bank

spread.

-(/�FODVVLILFDWLRQ: E44, E50.
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&UHGLW�&KDQQHO�ZLWKRXW�WKH�/0�&XUYH

��,QWURGXFWLRQ

The purpose of these notes is to develop a simple macroeconomic model to better

understand the transmission mechanisms of monetary policy for a country like Brazil. We

adapt Bernanke and Blinder (1988)’s model of credit channel to an environment

characterized by the following features:1

• the monetary authority follows an inflation targeting regime.

• the monetary authority has control over two policy instruments, namely a short-term

interest rate and the required reserve ratio on demand deposits.

• private companies do not issue bonds.

• households do not purchase bonds directly.

These features are in general accordance with what one observes for the Brazilian

economy. This paper gives emphasis to the credit channel of monetary policy. It deals with

a closed economy with no uncertainty and, therefore, other important transmission

mechanisms working through e.g. the exchange rate and agent’s expectations are ignored.

The main difference between our model and that of Bernanke and Blinder is that the

monetary authority is not supposed to target a monetary aggregate. Instead, following the

practice of many modern central banks, it is assumed that the monetary authority conducts

monetary policy by manipulating a short-term interest rate. Romer (2000) explores the

implications of such an assumption for the traditional IS-LM model. We extend Romer’s

                                                
 The authors thank, without implicating, Sérgio Werlang, Eduardo Lundberg, Paulo Springer de Freitas and

Priscilla Lhacer for valuable comments. The views expressed here are solely the responsibility of the authors
and do not reflect those of the Banco Central do Brasil or its members.

1 In this paper we do not make any distinction between the credit channel and the bank lending channel,
which we take as synonymous. See Kashyap and Stein (1994) for an overall survey on the bank lending
channel.
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model by introducing a banking sector, which allows us to discuss the bank lending channel

of monetary policy.

This paper is a first step in a research effort whose aim is to empirically evaluate the

relevance of the credit channel for Brazil.

The paper is organized as follows: section 2 develops the model. Section 3 performs some

comparative static exercises. Section 4 concludes.

��7KH�0RGHO

There are four agents in the economy: households, firms, banks and government.

Households can either consume or save their earnings. Let 6(\, U%) denote real savings by

the households with \ being their real income and U% the real interest rate on public bonds.

The partial derivatives are 0>
\
6  and 0>

%
U

6 .

The empirical literature has not achieved a consensus about the likely effects of the interest

rate on savings. Perhaps, a more reasonable specification would be one in which the impact

of real interest rate on aggregate savings would be close to zero. This is the likely impact

for both the US according to Campbell and Mankiw (1989) as well as for Brazil according

to Gleizer (1991). None of our conclusions change if we take 0=
%
U

6 .

Firms are responsible for the investment decisions. Let ,(U% , U/) be the economy’s

investment schedule where U/ is the real interest rate on bank loans. Assume that

0<
%
U
, and 0<

/
U
, . The existence of a bank lending channel crucially relies on a non-zero

value for 
/
U
, .
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Firms rely on bank loans to finance part of their investment due to the special role that

banks play in credit markets. Sharpe (1990) argues that banks establish “customer

relationships” with their borrowers because, in the process of lending, a bank gathers

valuable information about its own customers. As a result, lock-in effects that make costly

for borrowers to switch lenders are created.

Banks hold three assets: reserves (5), public bonds (%E) and loans (/E). Banks’ balance

sheet is expressed as:

(1) 5���%E���/E� �'E

where 'E is banks’ total deposits. We assume that banks passively accept all deposits the

non-bank public willingly offers. Suppose that the non-bank public’s supply of deposits is

'G(\, U%) with the partial derivatives 0>G

\' and 0<G

U
%

' .

Deposits pay no interest and are subject to legal reserve requirements. We assume that

banks hold no excess reserves. Total bank reserves are then given by:

(2) 5� �α�'E

where the required reserve ratio α is exogenously determined by the monetary authority.

Banks’ demand for public bonds is assumed to be %E(σ, U/) where σ is a measure of

economywide risk. The partial derivatives are assumed to be 0>E%σ and 0<E

U
/

% . Notice

that we are assuming that the demand for public bonds is totally inelastic with respect to its

own interest rate. This specification captures, in a simple way, the idea that the demand for

public bonds is primarily for liquidity purposes.

Replacing (2) and %E(σ, U/) in (1) allows one to express the banks’ supply of loans as:
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(3) /E = (1- α) 'E - %E(σ, U/)

The non-bank public’s demand for bank loans is given by /G(U/, \) with the partial

derivatives 0<G

U
/

/ and 0>G

\/ .

The government issues public bonds (%J) and borrows reserves from banks (5). There are

two policy instruments that the monetary authority seeks to control, the reserve ratio on

deposits α and the interest rate on public bonds U%�� We do not model the optimal choice of

the policy instruments by the monetary authority; instead, both α and U% are taken as

exogenous in the model.

In most of the industrialized countries the management of reserve ratios as a tool of

monetary policy has fallen out of favour.2  This is not the case of Brazil, though. The

Brazilian monetary authority still makes active use of required reserves as a monetary

policy instrument.

We assume that the monetary authority pursues an inflation target and that it has control

over the (nominal) interest rate on public bonds. In the absence of uncertainty, the inflation

target regime implies that the monetary authority can control effective inflation3 and,

therefore, it can also control U%. Consistent with this view, we take 
_

%%
UU = where 

_

%
U is the

real interest rate on public bonds, exogenously determined by the monetary authority. The

supply of public bonds %J is infinitely elastic at 
_

%
U .

Let us now turn to the market-clearing conditions. There are four markets to consider: the

markets for goods, deposits, public bonds, and bank loans. The respective market-clearing

conditions are:4

                                                
2 See Borio (1997).
3 This assumption also explains why rB and not the nominal interest rate on public bonds is the argument of
the money demand.
4 The signs below each variable indicate the assumed signs for the partial derivatives.
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(4a) ),(),(
−

++−

−

−
=

%/%
U\6UU,

(4b) ),(
−

−+
=

%

GE U\''

(4c) ),(
−+

= /

EJ U%% σ

(4d) ),(
+−

= \U//
/

GE

Following Walras law, one of the market-clearing conditions can be ignored. In what

follows, the market for public bonds is not considered.

The market clearing condition for the goods market corresponds to the ,6 schedule. Like an

usual ,6, its slope is negative in the (U/, \) plan:

(5) 0<=
/
U

\

,6

/

,

6

G\

GU

We combine the market clearing conditions for both the deposits and bank loans in a single

schedule. In order to accomplish that, replace equation (3) with 'E = 'G in the market

clearing condition for loans (4d), yielding:

(6) (1- α)'G(\, U%) - %E(σ, U/) = /G(U/, \)

Equation (6) gives the combinations of U/ and \ that guarantees the simultaneous

equilibrium in the deposit and loan markets. Call this schedule '/. The '/ locus can have

either a positive or a negative slope in the (U/, \) plan:
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(7)
G

U

E

U

G

\

G

\

'/

/

//

/%

/'

G\

GU

+
−−

=
)1( α

 î 0

The ambiguity arises because of the uncertain sign for the numerator. In what follows, we

assume that the slope for '/ can be either positive or negative but, in any event, that it is

always greater than the slope for ,6. A sufficient condition for such inequality to hold is

that G

\\ '6 ≈ and G

UU //

/, ≈ . In words, when the transactions demand for money closely

follows the behaviour of aggregate savings and when a change in the loan interest rate

shifts overall investment and the demand for bank loans in similar ways.5

The economy’s general equilibrium is represented in Figure 1. Given the values for the

exogenous variables, the equilibrium values for U/ and \ are, respectively, represented by

U/
 and \.

         rL D L

         r*
L  

I S

         y*  y

Figure 1: The Economy’s General Equilibrium

                                                
5 The illustrative figures show the case when the '/ slope is positive. Except for one of our comparative
static results, all the other results do not depend on this feature.
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��&RPSDUDWLYH�6WDWLF

The exogenous variables in the model are α, 
_

%
U , and σ. Table 1 summarizes the

comparative static results for the model. The appendix shows the formal results.

Variable λ dr*
L/dλ dy*/dλ

α + -

_

%
U

? -

σ + -

Table 1: Comparative Static

Consider, first, a decrease in the required reserve ratio α. The decrease in α causes an

initial excess supply in the asset market, which shifts the '/ locus to the right. The ,6 locus

is not altered. With the decrease in α, banks have a higher volume of funds available for

lending. To clear the market, the loan interest rate starts to reduce and the output starts to

increase. The final result depicts an increase in the equilibrium value of the output and a

decrease in the bank loan rate. Bank spread, as measured by (U/���U%), also reduces with the

decrease in α. Figure 2 shows graphically these effects.

         rL

D L

         r*
L         D L’

         r**
L

I S

         y* y**  y

Figure 2: Effects of Reducing the Required Reserve Ratio.
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If firms do not rely on bank loans to finance their investments, changes in the reserve ratio

would have no effect on output.6 Thus, the presence of the bank lending channel is

responsible for the real impacts of modifications in α.

The model predictions seem to describe well the effects on the Brazilian economy. Puga

(1998) estimates a Bayesian VAR model for Brazil with the result that shocks in the

required reserves account for 9.6% of the variability in bank spread and for 14.8% of the

variability in real GDP after 12 months.

The real interest rate on public bonds 
_

%
U is our measure of the stance of the monetary

policy. A monetary policy loosening (a reduction in 
_

%
U ) increases aggregate demand

shifting the ,6 curve to the right. In the asset market, a reduction in 
_

%
U  has initially the

effect of increasing the volume of funds available to banks because it causes an increase in

the amount of the public’s deposits. For each level of \, the loan interest rate starts to

decrease, causing a downward shift to the '/ curve. The new equilibrium depicts greater

values for the output and an uncertain outcome for U/. Figure 3 illustrates the possible

outcomes.

                                                
6 See equation (12b) in the appendix.
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         rL

         r*
L

                 D L  
        r**

L

                D L’ 
     I S          I S’

         y* y**  y

(a) Negative '/ Slope

         rL D L

D L’

         r*L  

                   I S’ 
I S

         y* y**  y

(b) Positive '/ Slope

Figure 3: Effects of Reducing 
_

%
U

As suggested by Figure 3, the impact on lending interest rates is dependent upon the slope

of the '/ curve. In panel (a), '/ has a negative slope. In this situation, it is always true that

the loan interest rate reduces with decreasing 
_

%
U . If, however, the '/ slope turns out to be

positive one cannot rule out the possibility that the loan interest rate may actually increase

when 
_

%
U is reduced. In order to investigate this possibility, rearrange terms in (13a) to

obtain:
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(8)
[ ][ ] [ ][ ]

[ ] [ ]IS of slopeDL of slope

IS of slope DLin shift DL of slope ISin shift 
_

*

−
−=

%

/

UG

GU

where:

[ ] 0ISin shift <
−

−=
/

%%

U

UU

,

V,

[ ] 0
)1(

DLin shift >
+

−
=

G

U

E

U

G

U

//

%

/%

'α

Expression (8) makes clear that a necessary condition for the sign of 
_

*

%

/

UG

GU  to be negative is

to have a positive slope for '/. Moreover, this outcome is more likely to arise when the

shift in ,6 is large. The intuition is clear: a large ,6 shift to the right requires a large upward

adjustment in the lending interest rate to clear the asset market.

As for the effects of changes in 
_

%
U on output, there is no ambiguity in our results.

Regardless of the assumption on the '/ slope reductions in 
_

%
U  lead to an expansion in

output. Moreover, the bank lending channel exacerbates the effects of monetary policy. In

the absence of the bank lending channel, the expansionary effects of a loosening in

monetary policy would be more modest.7

Our results are in line with those obtained by Bernanke and Blinder (1988). Miron et al.

(1994) and Hallsten (1999), on the other hand, found that the effects of monetary policy on

output as well as on bank interest rates are uncertain. Hallsten (1999) formally derives the

                                                
7 See equation (13b) in the appendix. The bank lending channel is absent when 0== G

UU //

/, .
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conditions under which the monetary policy has a larger impact on output in the presence

of a bank lending channel. Like Bernanke and Blinder, however, both Miron et al. (1994)

and Hallsten (1999) deal only with the case of a monetary authority following a money

supply rule.

The effects of changes in our measure of risk σ are predictable. A reduction in uncertainty

leads banks to reduce their demand for public bonds, shifting the '/ locus to the right. The

result is a reduction in the loan interest rate and an increase in output. The graphical

representation is exactly like the one depicted in Figure 2.

��&RQFOXGLQJ�5HPDUNV

This paper combined the bank lending model of Bernanke and Blinder (1988) and the

interest rate rule IS-LM model of Romer (2000) to examine the channels of transmission of

monetary policy for a country like Brazil. The monetary authority is supposed to control

two policy instruments, namely the required reserve ratio on demand deposits and a short-

term interest rate.

The credit channel is introduced via bank loans. Possible asymmetric information problems

make firms dependent upon credit extended by banks to finance their investments. In

addition, from the standpoint of bank liabilities, loans and public bonds are assumed to be

imperfect substitutes.

We showed that changes in the required reserve ratio can produce real effects, changing

both the loan interest rate (and, therefore, the volume of credit) as well as real output.

Changes in the government-controlled interest rate have positive effects on output but the

effects on bank spread are found to be ambiguous.

Romer (2000) remarks that:
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“One area in which both the IS-LM and IS-MP8 approaches may have

simplified too far is in their treatment of financial markets. In both models, the

only feature of financial markets that matters for the demand for goods is ‘the’

real interest rate; and in both, monetary policy has a powerful and direct

influence on that interest rate. In practice, however, the demand for goods

depends on many different interest rates, and on how much credit is available at

those rates. The impact of monetary policy on many of those rates, and on

credit availability given those rates, is tenuous and uncertain. Thus it might be

desirable to split the analysis of financial markets. One part would analyse how

various aspects of financial markets affect the demand for goods; the other

would analyse how various forces, including monetary policy, affect interest

rates and credit availability.

This two-pronged approach would emphasize that many aspects of financial

markets other than the particular interest rate controlled by the central bank

affect aggregate demand, and it would highlight from the beginning many of

the difficulties and uncertainties of actual policymaking. The obvious

disadvantage of this approach is that it would not produce a framework as

simple or powerful as IS-LM or IS-MP.” (p. 168)

We see our attempt in this paper as one step towards filling the gap spotted by Romer and

yet keeping the model at a manageable tractability.

It remains to be investigated the empirical relevance of the credit channel for the Brazilian

economy. This aspect is left to future research.

                                                
8 Authors’ note: The MP curve is a horizontal line in output-real rate space showing the central bank’s choice
of the real interest rate.
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��$SSHQGL[

This appendix derives the expressions for the comparative static results displayed in Table

1.

The two-equation system is represented by the ,6 and '/ functions. They are shown below:

(9a) ),(),(
−−

=
%/%
U\6UU,

(9b) ),(),(),()1( \U/U%U\'
/

G

/

E

%

G =−− σα

This system is solved for the loan interest rate U/ and output \ taking as given the values for

the exogenous variables. Let U/ and \ be the respective values of U/ and \ that solves the

system (9). Differentiating this system totally and evaluating the result around the

equilibrium values, one has:

(10) σ
α

α
α σ

G
%

UG
'

6,
G

'G\

GU

/'/%

6,
E%G

U

UU

G

/

G

\

G

\

G

U

E

U

\U

%

%%

//

/

 
0

   
)1(

 -  
0

   
)1(    

                        _

*

*









+













−

−








=

























−−−−

−

Let ∆ be the system’s Jacobian determinant evaluated at the equilibrium solution, which is

equal to:

(11) 0)( >











−+=∆

,6

/

'/

/G

U

E

UU G\

GU

G\

GU
/%,

///

where all the expressions are evaluated at the equilibrium and the ,6 and '/ slopes are

given, respectively, by (5) and (7). The positive sign for ∆ is due to our assumption that the

slope for '/ exceeds the one for ,6.
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It follows from (10) that the model’s comparative statics are given by:

1.1 Variations in α

(12a) 0
*

>
∆

= \

G

/
6'

G
GU

α

(12b) 0
*

<
∆

= /U

G ,'

G

G\

α

1.2 Variations in 
_

%
U

(13a)
∆

−−−−−
=

G

U\

G

\

G

\UU

%

/ %%%

'6/',6

UG

GU )1(])1)[((
_

* αα
î 0

(13b)
∆

−−+−
= /%//%% U

G

U

G

U

E

UUU

%

,'/%,6

UG

G\ )1(])[((
_

* α
 < 0

1.3 Variations in σ

(14a) 0
*

>
∆

=
E

\/
%6

G

GU σ

σ

(14b) 0
*

<
∆

= /U

E ,%

G

G\ σ

σ
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