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Abstract

This paper studies the role of banks as magni..ers of the infation-tax distortion. It
develops a general equilibrium model for a small open economy, with perfect foresight
and has minimal departures from a neoclassical framework. The goal of this paper
is to show that even abstracting from information issues commercial banks may still
have a non-trivial role in amplifying disturbances. In order to stress this idea the pa-
per considers a deterministic setup and assumes a zero-cost banking technology. The
model shows that, in an intationary environment, if banks are required to hold reserve
deposits, then the steady-state equilibrium level of employment is lower. Moreover,
the model ..nds a wide range of parameters for which the reserve requirement also
arcects the sensitivity of employment to intation.These results depend on three key
assumptions: banks are subject to a reserve requirement, the ..rms borrow from banks
to cover their ..nancial needs, and households must hold demand deposits to acquire
some of the consumption goods.
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1 Introduction

Conventional macroeconomic models mostly abstract from ..nancial intermediation con-
siderations. The assumption of a ..nancial system that works smoothly implies that real
and ..nancial variables do not interact with each other in interesting ways. Under this
premise ..nancial intermediaries simply do not play any role in determination of real vari-
ables. Interest on the role of ..nancial intermediaries, however, has been growing steadily
since the middle 1980s.> Contributions to this literature address ..nancial issues in models
of output determination that depart from the Real Business Cycle literature.?

More recently, the ..nancial system, in particular the banking sector, has been the
subject of close attention following the currency crises in Mexico, Russia, and East Asia.
The recent literature emphasizes the role of the banking industry as either the trigger of
these crises, or the key in explaining the output collapses in the aftermath of the crises.®
This literature makes the distinction between fundamentals and multiple equilibria as
explanations for the crises, but in either case, ..nancial issues are at the core of the analysis.

All these dicerent theoretical contributions, addressing issues as diverse as the behavior
of the economic cycles and currency crises, share a common characteristic in the way the
role of ..nancial intermediation is modeled. In all these models, the presence of uncertainty
is crucial for the ..nancial intermediaries to play a non-trivial role. Decisions in these
models are taken in an incomplete information environment, where acquiring information
is costly.

The present paper examines the role of ..nancial intermediaries in a model with perfect
foresight and minimal departures from a neoclassical framework. My intention, of course,
is not to question the importance of economies of information (of which ..nancial issues
constitute a clear example). Rather, the point of this paper is that even abstracting from
information issues, both those arising directly (through uncertainty about the realization
of shocks) and those arising indirectly (through, for example, information gains embedded
in a particular bank’s cost structure), ..nancial intermediaries may still have a non-trivial
role in amplifying disturbances. In order to stress this idea | consider a deterministic setup
and assume a zero-cost banking technology.

The paper presents a general equilibrium model where commercial banks magnify the
supply side’s reaction to changes in monetary policy. It looks, in particular, at the role of
commercial banks amplifying the distortionary ezects of infation. These results depend
on three key assumptions: banks are subject to a reserve requirement, the ..rms borrow
from banks to cover their ..nancial needs, and households must hold demand deposits to
acquire some of the consumption goods.*

The distortionary exects of intation have been extensively addressed in the literature,

1See M. Gertler (1988) for an early and exhaustive overview.

2Some examples are Farmer (1984), Scheinkman and Weiss (1986), Williamson (1987), Bernanke and
Gertler (1988), and most recently Edwards and Végh (1997).

®For empirical reserch in this issue see Kaminsky and Reinhart (1999). For theoretical models linking
..nancial issues with currency crises see, for example Corsetti, Pesenti, and Roubini (1997), Chang and
Velasco (1997), Burnside, Eichenbaun, and Rebelo (1998), Obsteld (1998), and Dooley (2000).

“We abstract from the bene..ts of having a reserve requirement (i.e. soundness of the ..nancial system
or ..scal considerations). In the model, instead, the government exogenously sets the reserve requirement.



particularly by Lucas’ contributions.® To the extent that the infation tax itself represents
an important distortion, the role of banks in amplifying the distortion is a relevant problem
to be considered in reality.

The paper extends the Lucas and Stokey (1987) model by introducing, in an open
economy framework, a deposit-good in addition to their cash-good and leisure (credit-
good). The general setup is related to Edwards and Végh’s (1997) model for the study of
the role of banks on the transmission of macroeconomic disturbances. The present model,
however, provides a general equilibrium view of the way the demand and supply sides of
the economy are related through the ..nancial intermediary.®

The framework of this paper is closely related to the types of macro models on the
credit channel and liquidity emects of monetary policy.” Models in these lines of work
assume that ..rms have to cover their ..nancial needs by borrowing from banks. This
issue is of crucial importance in most developing economies where ..nancial markets are
not fully developed, and banking credit is by far the most important source of funds for
..rms. In the present model, however, the amount ..rms borrow from banks is determined
endogenously.

The paper proceeds as follows. Section 2 develops the theoretical model, states the
timing of the diaerent markets, and solves for the problems of the dicerent agents. Section
3 solves the model. It derives the aggregate resource constraint, and shows the existence
of a steady-state equilibrium. Section 4 investigates the ezects of monetary policy. It con-
siders, as a benchmark case, an economy without reserve requirements on bank deposits,
and compares it with the case where the reserve requirement is positive. Then, it discusses
the role of banks in amplifying the intation tax distortion and its exect on real variables
at the steady-state equilibrium. Finally, Section 5 concludes.

2 The model

This section presents the basic structure of the model, which extends the Lucas and Stokey
(1987) framework by introducing a deposit-good. In addition to the cash-good and leisure,
| consider also a deposit-constraint to household’s purchases of a consumption good paid
for by check.

Consider a small open economy perfectly integrated with the rest of the world in the
goods market. Assume, for simplicity, that only the representative commercial bank can
borrow and lend in international ..nancial markets.

There are three optimizing representative agents: the ..rm, the household, and the
bank. The government exogenously sets the level of lump-sum taxes and transfers to
household, T3, the money supply, M;, and the total domestic-currency-denominated debt
held by households, B;, bearing an interest rate ;2. The government also sets a reserve
requirement, ¢, on the bank’s demand deposits. All agents have perfect foresight.

®See Lucas (1987) and (2000)

®By contrast, while in Edwards and Végh (henceforth E&V) both the household’s deposit-in-advance
constraint and bank’s credit to the ..rm are ..xed proportions of consumption and production respectively,
in this model these restrictions are endogenous. E&V'’s results don’t necessarily hold once these parameters
are endogenized.

"See for example Bernanke and Blinder (1988) and Fuerst (1992).



The household owns the bank and the ..rm, and receives pro..ts if there are any.
There are two non-storable consumption goods, x; is a non-tradable cash good and y; is a
tradable deposit-good. The household decides how much to purchase of the deposit-good
y¢ (purchased with checks backed up with demand deposits in the bank, D;), and of the
cash-good x; (purchased with cash, C;). The household also decides how much of its
endowment of leisure (normalized to 1) to sell to the ..rm for a nominal wage ws.

The model allows for the possibility that households hold domestic-currency-denominated
saving deposits in the domestic bank, S;, which pay the interest rate if, and domestic-
currency-denominated bank loans, Z}*, that charge the interest rate 7.

The ..rm produces both goods with the same constant-returns-to-scale (C.R.T.S.) tech-
nology, and hires labor as the only input. It directly exports and imports the deposit-good
yt, clearing accounts with the foreign sector at the end of the period. The ..rm has to
borrow from the bank th, equal to the amount by which cash good revenues fall short of
the gross wage bill.

The bank carries out all its activities at zero cost. It accepts the household’s saving and
demand deposits, issues loans to the ..rm and to the household, and holds reserves at the
central bank. It can also issue and buy in the foreign ..nancial market the foreign-currency-
denominated bond By, that yields the interest rate ;.2 None of the other domestic agents
can either lend to or borrow from the foreign sector.

All markets are perfectly competitive.

The following subsections describe the timing in the direrent markets and present in
detail the problems of the dicerent agents .

2.1 Timing of diserent markets

As in the Lucas and Stokey model, dicerent markets are open at distinct sub-periods.

1. At the beginning of each period there is a ..nancial exchange. The household acquires
cash for purchases of z; and makes deposits D; to back his payments by checks to buy
y;. The household makes his portfolio decisions Z}*, S;, and B;. The ..rm borrows
from the bank th (see below). No further portfolio reshu—ing is allowed after this
sub-period.

2. In the goods exchange sub-period the household buys goods from the ..rm paying
by cash or by checks backed up by demand-deposits.

3. The ..rm pays wages net of taxes to the household and the withheld taxes to the
government. The ..rm can use the cash from sales of x;, but needs to use bank loans,
Z!, for the rest of its ..nancial needs.

4. Checks clear in next period ..nancial exchange.

8B* > 0 represents a net foreign asset for the bank and B* < 0 net foreign liabilieties.



2.2 Government: treasury and central bank

The model consolidates the treasury and the central bank into one agent: the government.
The government exogenously sets the level of lump-sum taxes net of transfers to the
household, T;, the money supply, M;, the level of domestic-currency-denominated bonds,
By, and the reserve requirement on bank’s demand deposits, ¢.

The treasury issues domestic-currency-denominated bonds, the central bank monetizes
part of that debt, and the rest is held by households. The central bank transfers its pro..ts
to the treasury. The budget constraint of the consolidated government is:

M;+ By = My + (L+4_1)Byy — Tp1. €))

2.3 Household’s utility maximization problem

The representative household maximizes utility with respect to the two types of consump-
tion, leisure, and the ..nancial portfolio, over an in..nite horizon. With § representing the
standard household’s rate of time preference (0 < 8 < 1), lifetime utility is given by °:

—+00

max C =Y f'[loga;+ylogy +0log(1 —14)] subject to
zt,yt,lt,Zf,St

t=0
Pt i Cy (2
qtYt
<D 3
Bi+ Si+Di+Co+ Z (1 +i7y) = Bia(1+dty)+ (1+1if1)S—1

+wi—1lg—1 —Ti—1
+Z" 4+ (Cyoy — pr171)

At—1Yt—1 d
+ (Dt—l - W) (1 + 1#1)

‘HD{—l +®7 a 4)
Sy >0 (5)
Zh >0 (6)
B; >0 (7

®We chose logarithmic utility for simplicity. It does not seem to play a key role in generating the results.



Equation (2) is the cash-in-advance constraint. Equation (3) is the deposit-in-advance
constraint; it states that the household can write checks against the interests earned and
the principal of its demand deposits.

From the bank’s problem below (see section 2.4) we know that i§ = ¥ > i¢ > 0Vt,
and therefore Equations (2) and (3) hold with equality.

The fow budget constraint can, therefore, be rewritten as:

Bt+St+%+pm+2£‘_1<1+i§_1) — Bia(l+d ) + (1441
t

w1l — Tyo1 + Z} (8)
+<I)z{—1 +®7
Letting \;, vy, 4, and v; denote the shadow price of nominal wealth, and the multipliers

associated with the non-negative constraints on Z*, B;, and S; respectively, the ..rst-order
conditions (F.O.C.s) are given by the following expressions:

with respect to (w.r.t.) y; :

i qt
— = 9
ye 1+l ©
w.r.t. z; :
1
— = \py (10)
Tt
w.r.t. l;:
0
= BAi1wr (11)
1—-14

w.r.t. B; and the non-negativity and complementary slackness conditions:

[ty = e + BAes (1 +147) <0

(1t = M) + BAesr (1+47)] By =0
B, >0

w.r.t. Z! and the non-negativity and complementary slackness conditions:

B e+ M) = B e (1 +5)] <0
(8¢ v + M) = B M L +39)]] 2P =0
Z >0

w.r.t. S; and the non-negative and complementary slackness conditions:

B e — M) = B e (-1 —if)] <0

(B8 e — M) = B Mg (=1 = )] S =0
S >0



w.r.t. v; and the non-negativity and complementary slackness conditions:

B2 >0
(o 2 0
ﬂtZtUt =0

w.r.t. v, and the non-negativity and complementary slackness conditions:

BS; >0
V¢ Z 0
ﬁtStVt =0

and w.r.t. u, and the non-negativity and complementary slackness conditions:

BB >0
py =0

Equations (9) and (10) show the standard result that, at an optimum, the household
equates the marginal utility of consumption to the shadow value of wealth times the
ecective price of the good. Equation (11) states that the household equates the marginal
utility of leisure to its opportunity cost, given by the nominal wage times next period’s
shadow value of wealth, discounted one period at the rate of time preference. The nominal
wage is discounted one period because the household can not spend its labor income until
the next goods exchange.

The remaining inequalities and equations are complementary slackness conditions for
the inequality constraints.

The stock of government debt is assumed to be always strictly positive, B; > 0. In
equilibrium, therefore, the household will always hold all the bonds that the government
issues at a competitive and endogenously determined interest rate 0. All the possible
solutions, therefore, involve only the cases with B; > 0.

The non negative restrictions on saving deposits and loans imply that four dicerent
cases should be considered: the household holds saving deposits (in addition to government
bonds), or takes loans, or both, or does not hold neither deposits nor take loans. This
latter alternative, where Zth =0, S; =0, and B; > 0, constitutes the natural benchmark
case of the model, and it will be the one discussed in the paper.

231 Z!'=0,8=0,and B; >0

At

=144 12

ﬁ>\t+1 t ( )
Tt Wt 1

0 = 13

<1—zt> It (13)



Q( Yt >:ﬂ1+i-g (14)
y\1—-1 qe 1+

In this case, the household is holding only government bonds. Therefore, 3¢ is the relevant
interest rate and this is shown in the expression for the interest rate given by Equation
(12). Equations (13) and (14) show that the optimal choice between either of the con-
sumption goods and leisure is distorted by the interest rate. This distortion is equivalent
to the cash-good credit-good distortion in the Lucas and Stokey setup. With endogenous
labor, the household has the ability to substitute labor away to reduce the payment of the
infation-tax.1°

2.4 The bank’s pro..t maximization problem

The bank has a zero cost technology: it issues loans and receives deposits without using
any resources.
The bank’s pro..ts are given by:

O = Zy1ify — De-rif_q — Se1ij_y + By (e (14 pp_y) — €s-1) -

where in addition to interest payments on deposits and interest earnings on loans and
foreign assets, pro..ts include gains and loses due to changes in the exchange rate.!!

The bank chooses its portfolio optimally, maximizing the present value of pro..ts over
an in..nite horizon. Because the household owns the bank, the future fow of pro..ts is
discounted at a rate 3‘)\, where )\, is the shadow value of wealth derived in the household’s
utility maximization problem, and (3 is the household’s subjective rate of time preference.

The bank solves the following maximization problem:

max L= '\ subject to

Dy,S¢,Z+,By =
A(etBf + Zi + ¢Dy — Sy — Dy) = @ (15)
Dy + S — (eeBf + Zi + ¢Dy) > 0 (16)

Equation (15) is the bank’s tow budget constraint where A is the dicerence operator.
Inequality (16) requires that the bank’s lending activities and reserve deposits have to be
completely ..nanced through liabilities'?. As shown below, the interest rate on any of the

10Notice that in the case of y, the interest rate on demand-deposits is also included: the ezective price

of y; is TiLd because checks can be written against interest earned from ¢ to ¢ + 1.
¢

1pro..ts de..nintion includes capital gains (losses) that arise from depreciation (appreciation) of the

domestic currency. p, is real and nominal for dollar denominated assets (because PJI’;;—I = 1). When buying
t

the foreign bond in period ¢ — 1 the bank pays e:—1B;_1, and at the end of the period, when selling it
back earns: e;B;_1 (1 + p,_1) -

2|n other words, equity is zero.



bank’s liabilities is strictly positive in equilibrium. Condition (16), therefore, will hold
as a strict equality. Letting n, and 1., denote the Lagrange multipliers associated with
conditions (15), and (16), the solution to the system of F.O.C.s is:

it =i (17)
if =i;(1—¢) (18)
L4 = 5 (14 ) (19)

Equation (17) is a direct result of the assumption of a zero cost technology in a perfectly
competitive market: there is no spread between saving-deposit and loan interest rates (and
the bank charges borrowers the opportunity cost of funds). There is, however, as shown
in Equation (18), a spread between demand-deposit and loan interest rates because the
former is subject to a non-interest-bearing reserve requirement.

2.5 Firm’s pro..t maximization problem

The representative ..rm has the following C.R.T.S. technology for the production of both
the deposit and the cash-good®®

T+ Y = ly. (20)

In the ..nancial exchange of period (¢ — 1) the ..rm has to borrow from the bank Zg:l,
equal to the amount in which cash-good revenues of (¢ — 1) fall short of the gross wage
bill of (¢t —1). That is:

f
Zi 1 = wi1ly—1 — pr_1w4_1.

In the following ..nancial exchange, in period ¢, when all checks are cleared, the ..rm pays
principal and interest on what it borrowed, Zg:l (1 +z‘§;1), settles the import-export
account with the foreign sector, and is paid for the deposit-good sales, ¢;—1y:—1.

The ..rm’s period ¢ pro..t is:*

‘I){ = qt—1Yt—1 — €t—1(yt—1 —@71) - ZtJ:1(1 + ifﬂ)-
Therefore, pro..ts can be rewritten as:
‘I’{ = q-1Yt-1 — e 1(Ye—1 — Y1) — (We—1lg—1 — pr12e-1) (1 +47_1). (21)

The ..rm pays the same wage in both sectors. Foreign trade does not involve any transac-
tion costs.

13 abor productivity is exogenous and normalized to 1.
14 The price of g, in the foreign market, P, is nomalized to 1.



The ..rm solves the following maximization problem:

max F =Y B'\®] subjectto z;+7, = 1.

T, Yl =0

As in the bank’s problem above, the future fow of pro..t is discounted at a rate 3'\;,
where )\; is the shadow value of wealth derived in the household’s utility maximization
problem, and § is the household’s subjective rate of time preference. The solution to the
system of F.O.Cs is:

gt = € (22)
Y _q (23)
bt

g = (1+14) pe (24)

Equation (22) is the result of assuming no imperfections in the deposit-good market: its
domestic price is equal to the world’s price (normalized to 1), expressed in the domestic
currency. Equation (23) gives the real wage in a perfectly competitive market. Finally,
Equation (24) states that prices p; and ¢; must be such that the ..rm is indicerent between
sales for cash versus checks: because the ..rm has to borrow from the bank when selling
ut, ¢ includes interest paid on loans.

The assumption of perfect competition together with a C.R.T.S. technology, implies
that the zero-pro..t condition, <I>,{c = 0, holds. This result will be used later in the paper
(see section 3.1 below).

3 Solution to the model

This section computes the solution to the model and characterizes the steady state equi-
librium. First, it derives the economy’s aggregate resource constraint. Second, it shows
that the model has a steady state equilibrium. Then, it shows under which conditions
the bank, and therefore the aggregate economy, is a net borrower in the foreign market.
Finally, it presents the steady state solutions for the endogenous variables.

3.1 The aggregate resource constraint

Subtracting Equation (1), the government’s fow budget constraint, from Equation (8),
the household’s fow budget constraint, yields:

M1 — M+ 5+ 1qiy;d +pee+ 20 (L+i7 ) = (145 ) S + w1l + 2
t
(25)

10



Money demand is given by:

qtYt
1+4d’

Mtd = Py + [wely — pre] + ¢

where the ..rst term is the household’s demand for money to acquire the cash-good, the
second term is the ..rm’s money demand equal to the amount in which cash-good sales
fall short of the gross wage bill, and the last term is the bank’s reserves held at the central
bank.

In equilibrium M7 = M¢ = M;, and after simplifying we get:

qtYt
. (26)

M, = wyl
t wtt+¢1+lt

Imposing zero pro..t for the ..rm, and using the ..rm’s F.O.C.s, Equation (26) can be
rewritten as:

1
My @Y + peve + ¢ pLa (27)
t

T 1+ 1+
Plugging Equation (27) into Equation (25), and using the ..ndings from the bank’s problem
that i} =i = i, yields:

qt
1+

Y+ (1—9)

qt—1
Zh— S =¢ Y1 —
—1

ho .
T4 ifyt+<Zt_1 St—l) (I+1d—1). (28)

qt
1+
The following derivations use the balance-sheet identity for the bank, some results
derived from the ..rm’s zero pro..t condition, and the ..nding that ¢; = ¢; obtained from
the ..rm’s problem. The balance-sheet identity for the bank can be expressed as:

qt L
— oy (1—¢)— , 29

Zf - Si+@Bf =

and plugging Equation (29) into Equation (28), the fow aggregate budget constraint is:

1 7, —

@ (L+i) 1 (1T+14y)

§=T
De.ning ar = [] ﬁ and imposing the solvency/transversality condition that
j=0

Tlim aT_lq’fg;T +.r = 0, the corresponding present-value aggregated budget constraint
— 400

is:

+oo

@By = — ZOéj Gttj (Toaj — Ye4d) - (31)
=0

Equation (31) states that the nominal value of net foreign assets is equal to the (negative)
present value of all nominal trade balance results. When B} > 0 the economy is a net
lender in the foreign ..nancial market and the present value of the trade balance is negative.
When B} < 0, the economy is a net borrower and the present value of the trade balance
is positive.

11



3.2 The existence of a steady state equilibrium

This section shows that there exists a constant level of net foreign assets, B*, that satis...es
the tow aggregate budget constraint given by Equation (30).

To allow for a steady-state equilibrium, assume that the gross infation rate on tradable
goods, de..ned as 7 = qtq—jl, and the interest rate on foreign bonds are time invariant, that
is T = m and p, = p Vt. All nominal interest rates are, therefore, also constant. | further
assume that 3 = ﬁp.ﬁ

This set of assumptions yields constant levels of v, z, l,and 7.

Using these ..ndings in Equation (31) yields:

* 1 —
B :__(y_y)7 (32)
pT
con..rming that this economy has a steady state equilibrium where the level of net foreign
bonds is constant.

3.3 The bank as a net borrower in the foreign market: B* <0

This section solves the model for the bank’s holdings of foreign bonds. It shows that under
certain assumptions, the bank, and therefore, the economy, is a net borrower in the foreign
market, B* < 0.

Using the bank’s balance-sheet identity eB* = S — Z" — Zf — D(¢—1), the results from
the household’s and the ..rm’s problems, and assuming that at the steady state equilibrium
the household’s saving-deposits net of loans are zero, Z* — S = 0%, bank’s net foreign
assets, expressed in term of parameters, are:

e Y
b= ¢(77T(1_¢)+¢7+9ﬂ'2+9ﬂ'2p+7r) (14+p)m <0. (33)

A reserve requirement that is strictly positive, ¢ > 0, which | assume to be the case in
this economy, is a su€cient condition for B* < 0. Equation (33) states, therefore, that
as long as there is a reserve requirement on bank deposits, the bank is a net debtor in
the foreign ..nancial market. This result is a direct consequence of the equilibrium in the
market of the deposit-good, y. The ..rm borrows from the bank to ..nance the value of
the production of y, and the household, in turn, holds deposits for the same amount. The
bank, however, must hold a portion ¢ of the deposits at the central bank. Assuming that
the household neither borrows nor holds saving-deposits, it follows that, for the equilibrium
in the domestic credit market to hold, the bank must borrow abroad, B* < 0.

15This latter assumption about the subjective discount rate is common in the literature because it
eliminates explosive dynamics.

18 This is the obvious benchmark case for the starting conditions. With positive (negative) Z" — S, the
bank’s foreign debt would be larger (smaller or even lending instead of borrowing). With constant labor
productivity, no uncertainty, and 8 = Flp the household will not change its initial endowment of Z"* and

S. In particular, we assume that Z" = S = 0.

12



3.4 The steady state solution

In addition to the value of the foreign debt, B*, computed already in the previous section,
this section presents the steady state equilibrium values of the endogenous variables as a
function of the parameters of the model.

(vr(1 =) + ¢y +0m +0r?p+m) (L +p) 7

01+ )+ (Y1 —9) + 1)+ ¢y

(14 p) O
01+ p)m* + (y(1 = @) +1) 7+ ¢y

1-1=

(r(1—¢)+¢)v
0(1+p)m*+(v(1—9)+1) 7+ ¢y

@:

(r(1+p)(1-0¢)+8)y
L+p) (0L +p)m2 + (v(1 —¢) + 1) 7+ ¢7)

|

B M
P=lrtrp) v o)

(0> (1 +p)+ (y(1 =)+ 1) 7+ ¢)

All the solutions are rather cryptic, but the comparative statics analysis included in the
next section provides more clear insights about the steady state equilibrium characteristics.

4 The excects of monetary policy

This section investigates the exects of monetary policy on the steady state equilibrium.
It looks at the impact of changes of the intation rate (due to money growth changes)
on employment. In order to give a more complete description of the macroeconomic
interactions of the model, this section also explores the erect of intation on other variables
like foreign debt, consumption, and the bank’s balance sheet.

The central bank chooses the rate of infation and the size of the reserve requirement.
The money supply is endogenous.t’

I consider ..rst, as a benchmark case, an intationary economy without a reserve require-
ments. Then, | compare these results with those obtained when the reserve requirement
is strictly positive, and highlight the existence of an ampli..cation role for banks.

71n this model there is price indeterminacy. Fixing the level of the initial money supply, however, is
enough to get rid of the indeterminacy problem.

13



4.1 Intation without reserve requirement: = > 1 and ¢ =0

Since a positive nominal interest rate distorts the consumption-leisure decision (as shown
in section 2.3.1), the supply side of the economy is not isolated from changes in monetary
policy. When the government increases the growth rate of the money supply, intation
rises and the level of employment falls, or equivalently, as shown below, leisure rises:

d B vy+1
a1 =00+0) (v + 701+ p) +1)° >0

4
I (34)
The decline in the equilibrium level of employment is, therefore, a result of the household’s
maximizing behavior: the household cuts down its supply of labor to reduce the infation-
tax payment.

Consumption of both the deposit-good, y, and the cash-good, x, fall when infation
rises:

da 0(1+p)
dr” (v +70(1 4 p) + 1) <6 (35)
d 6(1+p)
dr? 7(7 +0m(1+p) + 1) <0 (36)

When the bank does not have to hold reserves, ¢ = 0, the optimal choice between y
and z is not distorted. In this case, as explained below, there is no dicerence between the
price of  and the ecective price of y. On one hand, ¢ rises because the ..rm’s ..nancial
cost of selling y rises with infation, and therefore, the price of y rises faster than the
price of z. On the other hand, the ecective price of y includes the interest earned on the
demand-deposits required to acquire the credit-good. Because demand-deposits are fully
indexed when ¢ = 0, the interest earned rises and the ..nancial cost rises in exactly in the
same proportion. It follows, then, that the relative consumption between z and y does
not change with intation.!8

Consider next the changes in the bank’s balance sheet. As already shown in section
3.3, when ¢ = 0, net foreign bonds are also zero, B* = 0. Given that there are no
saving-deposits, neither loans to the household, nor bank reserves, it follows from the
balance-sheet identity that real demand-deposits and real loans have to be exactly the
same. Their derivatives with respect to intation are negative:

daD dzF 20m(14+p) +y+1 “0
dr q dm q TR On (4 p) + 7+ 1)’ (1 +9)

Finally, and again because B* = 0, production and consumption of the deposit-good,
7 and y are equal to each other. This is so because the deposit-good is the tradable one
and in the steady-state equilibrium the trade surplus is equal to interest payment on B*:
zero in this case. It follows, then, that 7 falls by the same magnitude that y does (as
shown in Equation (36)).

18Recall i* = i*(1 — ¢) and q = p(1 +i*), s0 M RSyx = v when ¢ = 0
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4.2 Intation with positive reserve requirement: 7 > 1 and ¢ > 0 :

The ..rst thing to notice is that, when the bank faces a non interest-bearing reserve require-
ment, the steady-state equilibrium involves B* < 0.1° A higher rate of infation reduces
the total amount of debt the economy can sustain in the steady-state equilibrium:

. 297 (1 — @) + 307%(1 + p) + 27 + ¢y
dn (vr(1 = @) + ¢y + 072(1 + p) +7)* (1 + p) 72
Intation has a contractionary ezect on the level of employment:

LIPS - yr (1 — @) +2¢y+
= O O S v o+ 0L ) - )

7

Equation (37) states that the higher the infation, the higher the leisure. This result is
a direct consequence of the nominal interest distortion in the household’s labor-leisure
decision, already discussed in the previous section for the case where ¢ = 0.

The production of the deposit-good decreases when intation rises:

A w40 (r(-9) =200
dr” " (yn(l = ¢) + ¢y +0n%(1+ p) + )

The exect of intation on consumption of both y and = is ambiguous: the sign of the
derivatives depends on the values of the parameters:

(38)

d 02 (1+p)® 14207 (14 p)
—y<0&v< 39
dr” ! p p(1—9) (39)
d 0 .
%$<0<:>1<%7T (1+,0) (40)

Recall that leisure unambiguously increases when intation rises. Therefore, a simultaneous
increase in both y and z is only possible because of the interest payment reduction associ-
ated with the increase in B*. From the analysis of (39) it follows that y would increase if,
and only if, household’s preference for the good, given by ~, were suc€ciently large. Sim-
ilarly, from (40), an increase in x would require a preference for =z, which is normalized
to 1, to be large enough compared to a function of the other parameters.?° Nevertheless,
a wide range of sensible values for the parameters guarantees that consumption of both =
and y will actually decline with intation.?122

18 Again, assuming that saving-deposits and loans to households are both zero.

204y > 0only if £z > 0 : the price of y includes ..rm’s ..nancial cost which increases with ination.With
rising infation, therefore, the price of y rises faster than the price of z and consumption of y unambiguously
falls respect to =, £ % < 0.

21with log-utility, the coeGcients in the utility function for z, y, and (1 — 1), are also the expenditure
shares. An increase in y would require a relatively large +. The share of x is normalized to 1 for a total
expenditure given by 1+~ + 0. Considering that x is the non-tradable good and y the tradable, it seems
realistic to assume v < 1. For example, with # = 1.5, p = ¢ = 0.1, and 6§ = 1, %y > 0 holds only for
v > 320.

22 At this point it may be interesting to compare our results to those in E&V. In their model the bank’s
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4.3 The bank’s ampli..cation role

Models that give a non-neutral role to ..nancial intermediation in the transmission and
ampli..cations of monetary policy rely heavily, directly or indirectly, on information issues.
Information issues are modeled directly, for example, through uncertainty in liquidity
models, or indirectly, like in E&V, through the bank’s cost function. Here, instead, | want
to stress the fact that, in a simpler setup, it is still possible to have a non-neutral ..nancial
intermediation system. In this model, with a deterministic setup and with banks that
produce at zero cost, banks still amplify the monetary policy distortions on the level of
output.

To prove this claim | examine how the size of the reserve requirement, ¢, acects the
equilibrium level of leisure, (1 —1).

From sections (4.1)and (4.2), which set ¢ = 0 and ¢ > 0 respectively, we know that,
in both cases, the level of leisure is anected by the infation rate, 7. Leisure is higher the
higher 7 is, regardless of the value of the reserve requirement, ¢. The existence of a reserve
requirement, however, makes infation even more distortionary:

(1 - l) |¢>0 - (1 —1) |¢:0 =

(r—1)6(1+p)

O p) +m(l—g) +mtom) @r(l+p) 7+

As shown in the equation above, leisure is higher when the reserve requirement is
positive. Moreover, the bigger the reserve requirement, the higher the level of leisure:

dgop= (1+p)0m*y (r = 1)
do (—072(1+p) —7my(1—¢) =7 — ¢7)°
This distortionary exect of ¢ on the level of leisure, however, is only present in an

intationary environment, or in other words, when the gross rate of infation is greater
than 1, 7 > 1. That is:

> 0.

d
d_(b(l_l)‘”:l =0.

I now provide the intuition for this result and explain why it is a consequence of the
way the bank behaves.

cost function is the key for intation to have a negative ecect on output. E&V assume that the marginal
cost of loans is an increasing function of the loans-to-deposits ratio. Infation causes deposits to fall but
it does not amect the demand for loans. As a result, the cost of borrowing from the bank rises and the
..rm reduces its demand for labor. Their results, however, do not necessarily hold once the proportions
of deposit to consumption and borrowing to production are endogenous. In our model, a rate of intation
that is small enough is a su¢cient condition for the loans-to-deposits ratio to actually fall.
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Analyze ..rst the ecect of intation in isolation. This is a monetary economy, where the
household uses money both to buy = and to make the deposits to buy y. The household,
therefore, gives up some of its endowment of leisure for a monetary wage. According to the
timing assumed, the household has to hold money until the next period. Simply for this
reason, whenever = > 1, and even with ¢ = 0, the household supplies less labor to reduce
its intation tax payment. It follows then, that with rising intation, leisure unambiguously
increases relative to consumption of both xz and y :

d1l-—1
and
d1-1 ) (14 p)(1 — @) +2¢
——— =(14p)°0 > 0.
a0 - o

So far, these results are equivalent to those in Lucas and Stokey (1987), in the sense
that with intation, the household substitutes the credit-good (leisure), for the cash-goods
(z and y). Why is this increase in leisure magni..ed by the reserve requirement?. The key
is the bank’s role in the transmission of the monetary changes.

The bank holds non-interest-bearing reserves as long as ¢ > 0. If there is infation,
m > 1, the bank passes to the ..rm the higher cost of holding reserves, by charging a
higher interest rate on loans. The ..rm, in turn, passes to the household this increase in
the ..nancial cost of producing y, by selling the good at a higher price. It then follows
that with = > 1, and only if ¢ > 0, the household faces a higher relative price of y with
respect to . We know that the household always consumes some positive amount of good
y, because the marginal utility derived from y is in..nite when y = 0. Only when ¢ > 0,
therefore, an increase in the intation rate yields a decline in the consumption of y relative
to x:

S o A
dy:{ 7r2(Hp)<0when¢>0‘ (41)

0 when ¢ =0

Summarizing from the previous discussion, there are two dicerent forces that determine
a higher equilibrium level of leisure (lower level of employment). The ..rst one is intation.
Infation is a tax on labor income, and, as a direct consequence, the household chooses a
higher level of leisure. The second one is the existence of a reserve requirement. With a
reserve requirement, the increase in leisure goes even further: the infation tax is relatively
higher in y, and the household substitutes = and leisure for y. As a result, the reserve
requirement ampli..es the distortionary ecect of intation on employment.

Finally, this section looks at the exect of ¢ on the sensitivity of leisure with respect to
changes in infation. The previous discussion emphasizes the magnifying role of the reserve
requirement on the level of leisure. Changes in ¢, however, acect also the magnitude of
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the change on leisure due to changes on the intation rate. It was determined already
that leisure is an increasing function of both = and ¢. Now, | investigate the ecect of the
interaction between the two of them.

The cross-partial derivative is:

d
arag D)

O (1+ p) — (1 — ¢) — 7% — 3wy — 20m>(1 + p) + 29
(672(1+ p) + (1 — ¢) + 7 + ¢7)°

—m (14 p) by

)

with the following conditions for the derivative of the interaction term to have a positive
sign:
d
m(l_l) > 0 (TP(1-¢)+Br—2)¢)y+7°(1L+p)(2—7m)0+r° >0,
where 7 < 2 is a su€cient condition.

There exists, therefore, a wide range of parameters for which a change in the reserve
requirement exacerbates also the sensitivity of leisure to changes in the rate of infation.

The intuition behind these conditions is related to the concavity of the utility function.
The level of leisure always increases when infation rises. The level of leisure is higher,
and, therefore, its marginal utility is lower, the higher is the rate of infation and/or the
higher is the preference for leisure, 6. The increase in leisure due to infation, % (1-1),
is increasing in ¢, #‘fw (1 —1) > 0, whenever the level of leisure is not already “too” high,
or equivalently, its marginal utility is not already “too” low.

5 Conclusions

This paper has constructed a general equilibrium model that, even abstracting from infor-
mation issues, gives ..nancial intermediaries a non-trivial role in magnifying disturbances.
Commercial banks are typically required to hold deposits at the central bank at an in-
terest rate lower than the market rate. The presence of this reserve requirement on bank
demand-deposits magni..es the distortionary ecects of intation. For any given rate of in-
Fation, the larger the reserve requirement, the larger the contraction of the labor supply.

Central bankers typically set the size of the reserve requirement based on considerations
about the soundness of the banking industry. The policy implications of this model,
however, show that, in an infationary environment, the long-run level of economic activity
may also be acected. Furthermore, the model shows that, for a wide range of parameters,
a change in the reserve requirement exacerbates not only ecects of infation on the level
of employment but also its sensitivity with respect to the rate of infation.
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