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"[A] theory of equilibrium growth badly needed--and still needs—
a theory of deviations from the equilibrium growth path.

[The] fundamental intellectual need is for a common understanding
of medium-run departures from equilibrium growth. That is the

stuff of everyday macroeconomics,” [Robert Solow, Nobel Lecture,

December 8, 1987]

Abstract

This paper presents a dynamic general equilibrium model that incorporates
profit-maximizing banks and inside money 1into a decentralized Ramsey
economy. It offers an alternative to the monetary equilibrium model of
Sidrauski with money in the utility function and that of Stockman with a
cash-in—advance constraint, both of which are based on a centralized Ramsey
model with outside money. The model shows how an expansionary monetary
policy triggers the business cycle with an asset price bubble. The magnitude
of the business cycle and the asset price bubble depend not only on the size
but also on the anticipated duration of the monetary policy. Moreover, if the
end of the expansionary monetary policy is followed by a banking crisis, the
economy could experience a prolonged period of economic slowdown. Thus, the

model is capable of analyzing the phenomenon of disequilibrium dynamics.




I. Introduction

Since the mid-1980s, the United States, Japan, and the United Kingdom
have gone through a business cycle that is characterized by an asset price
bubble. They have experienced a cycle of economic boom with low interest
rates and soaring asset prices, followed by economic slowdown with monetary
tightening and plummeting asset prices. These developments have ra;ised many
important theoretical as well as policy questions: Can asset price bubbles
occur in a macroeconomy with rational economic agents and market clearing?
If so, what is its mechanism? What is the role of monetary policy 1in the
business cycle with asset price bubbles? What are the implications of these
developments for inflation and income distribution? No general equilibrium
models exist that can address these questions.1

The purpose of this paper is to construct a dynamic general equilibrium
model with a banking system and to shed new 1light on the transmission
channel of monetary policy and the mechanism of the business cycle with asset
price bubbles. The model focusses on dynamic interactions between interest
rates, the asset price, and real economic activities, as well as 1income
distribution between labor and capital. In the model, the business cycle is
triggered by a change in the cost of credit intermediation. Although the cost
of credit intermediation can be affected by many factors such as financial
deregulation and innovations, a banking crisis and monetary policy are two of
the most important factors.

Monetary policy affects macroeconomic dynamics by changing the cost
of credit intermediation: For example, a reduced central bank lending rate

engineered by an expansionary monetary policy reduces the cost of banking

" The monetary model of Brunner and Meltzer (1976) may be used to
analyze such a phenomenon. Their model, however, is not based on individual
optimization and is limited to temporary equilibrium analysis.
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operation, which translates into a reduced spread between loan and deposit
rates of commercial banks. The reduced interest rate spread means a reduced
cost of credit intermediation for the economic system. An expansionary
monetary policy therefore acts like a positive productivity shock to the
economic system. Conversely, a restrictive monetary policy acts Tike a
negative productivity shock. The magnitude of the resulting business cycle
depends not only on the size but also on the anticipated duratién of the
monetary policy.

A small change in the cost of credit intermediation (the interest rate
spread) can produce a large deviation of the economy from the equilibrium
growth path. The deviation of the c¢ost of credit intermediation from the
natural level that is consistent with the equilibrium growth path temporarily
dislocates the economy onto a divergent growth path, initiating a process of
disequilibrium dynamics. When the cost of credit intermediation returns to the
natural level, the economy will move back to the convergent equilibrium
growth path. Thus, the economy can diverge significantly from the
equilibrium growth path while the cost of credit intermediation deviates from
the natural level.

It is real interest rates, rather than a nominal quantity of money, that
play a main role in the transmission of monetary policy. In this respect, our
theory is similar in spirit to ‘Wickseﬂ’s (1938) “"cumulative process,” in which
a divergence between the "natural” and "market" rates of interest triggers
the Wicksellian disequilibrium dynamics. The economy may be away from full
equilibrium path for a long period of time. Wicksell’'s model, however, is
incomplete because it keeps the real side fixed and focuses only on price
dynamics. Our model illustrates how price dynamics interacts with quantity
dynamics in the course of the business cycle.

The business cycle of our model is characterized by asset price bubbles,




namely, sharp rises and falls in the asset price relative to the product price
(Tobin’s q). We therefore present a dynamic general equilibrium model of
asset price bubbles in the course of macroeconomic dynamics. We show, in
particular, how a prolonged period of expansionary monetary policy can
produce an asset price bubble. Again, the magnitude of the bubble depends
not only on the size but alsoc on the anticipated duration of expansionary
monetary policy. The longer the expected duration of the exb’answ'onary
monetary policy, the greater the size of an eventual bubble burst.

We define an asset price bubble as a temporary departure of the asset
price from fits macroeconomic fundamental. namely, the asset value that is
consistent with the equilibrium growth path of the economy. This
macroeconomic bubble is different from a microeconomic bubble of Tirole (1982,
1985), which 1is defined as a deviation of the asset price from its
microeconomic fundamental. namely, the present discounted value of dividends.
Tirole (1982) shows that an asset price bubble in the microeconomic sense
cannot not exist in a perfect foresight equilibrium with infinitely-lived agents.
We show that an asset price bubble in the macroeconomic sense can exist even
in a perfect foresight equilibrium with infinitely-lived agents if the economy
is decentralized.

The model suggests a new concept of inflation and its relation to
disequilibrium dynamics. First, it shows that a higher asset price implies a
higher intertemporal cost-of-living for labor. In other words, the asset price
(Tobin’s q) is a fundamental index for inflation in a dynamic context. Next,
it shows that a deviation of the economy from the equilibrium growth path
that is caused by a monetary policy shock is reflected in the movement of the
asset price. Thus, the model links the dynamic concept of inflation (defined
as an increase in the intertemporal cost-of-living for labor) to a dynamic

disequilibrium state of the real economy.




The same transmission mechanism also suggests the dynamic effects of
a banking crisis. Both a monetary policy shock and a banking crisis affect
macroeconomic dynamics through their effects on the cost of credit
intermediation. For example, Bernanke (1983) has argued that a banking crisis
played a major role in the propagation of the Great Depression by raising the
cost of credit intermediation. In this respect, our model emulates the dynamic
effects of a banking crisis a Ja Bernanke. 1In particular, it recoﬂncﬂes, the
deep and protracted period of economic slowdown (a suboptimal state of the
economy) with the postulates of rational economic agents and market clearing.
A banking crisis increases the cost of credit intermediation and thereby
affects intertemporal market opportunities and allocations; it can drive the
economy off course for a prolonged period of fime.

The rest of this paper is organized as follows: Section II constructs a
dynamic general equilibrium model of a macroeconomy with a banking system.
It presents the maximization problems of banks, households, and firms, and
then describes the market equilibrium and the system of equations that
defines macroeconomic dynamics. Section III analyzes the effects of
expansionary and restrictive monetary policies as well as a banking crisis on
macroeconomic dynamics, and discusses the role of monetary policy. Section

IV concludes this paper.



II. A Decentralized Ramsey Economy With Inside Money

This section develops a dynamic general equilibrium model with a
banking system, which is built on the decentralized Ramsey model of Abel and
Blanchard (1983) and Blanchard and Fischer (1989). They use their model
mainly to analyze the dynamic effects of fiscal policy. We show that their
model can be easily adapted to incorporate a banking system (a cenftraﬂ bank
and commercial banks) and thereby to analyze the dynamic effects of monetar.y
policies and a banking crisis in a dynamic general equilibrium framework.
.Moreover, our model with the banking system exhibits the phenomenon of the
business cycle with asset price bubbles.

We introduce (1) profit—-maximizing banks and (2) the Clower (money—in-
advance) constraints on households and firms.? Money 1is supplied by
identical banks as bank loans and held by households and firms as bank
deposits, which are then used as a means of payments for consumption and
investment. In other words, we introduce commercial banks and inside money
(credit money) into a decentralized Ramsey model, and define the role of
money as a means of payments. Thus, we present an alternative to the
monetary equilibrium model of Sidrauski (1967) with money in the utility
function and that of Stockman (1981) with a cash-ih—advance constraint, both

of which are based on a centralized Ramsey model with outside money.

A. The Basic Framework

The economy is a pure credit economy and consists of a central bank,

commercial banks, firms, and households. The balance sheets of these

2 In a monetary economy, "money buys goods, goods buy money, but
goods do not buy goods.” See Clower (1967).
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economic agents are summarized in Table 1 where plus signs indicate assets
while minus signs indicate TNabilities. Profit-maximizing commercial banks
determine money supply (bank loans) while meeting the reserve requirement.
The central bank supplies reserves to commercial banks and implements its
monetary policy by changing the central bank lending rate on reserves or the
required reserve ratio. Households and firms determine money demand (bank
deposits), which they use as the means of payments for their consurﬁption and
investment transactions.

Intertemporal consumption plans are made by optimizing identical
households, which also supply one unit of labor inelastically. Total
consumption (in present value) is an increasing function of total wealth
(human and nonhuman), and its rate of change over time is an increasing
function of the real interest rate. Intertemporal investment plans are made
by value-maximizing identical firms, which carry out production with labor and
capital as inputs. Investment is an increasing function of the ratio of the
asset price to the product price (Tobin’s q).

The equality of aggregate demand and supply is maintained at every
point in time by the endogenous adjustment of the term structure of real
interest rates {rt}"’0 . The term structure of real interest rates coordinates
the intertemporal consumption and investment plans of households and firms.
These real interest rates prevail in the bond and loan markets (r = rb = r1).
On the other hand, the spread between the loan and deposit rates (z = r]—-rd)
is determined in the money market at the intersection of the money supply
and demand curves. The deposit rate (r% is then determined given the real
interest rate and the spread.

We assume for notational simplicity that the number of banks, firms and
households are the same so that per bank, per household and per firm values

coincide. Therefore, all variables in the text are in per capita terms. Finally,




Table 1

The Balance Sheets of Economic Agents

Reserves  C.B. Loans  Bank Loans Deposits Bonds Equity  Net Worth
Central Bank -R +L
Banks +R -L +] -m
Firms -1 +m' b e +ak
Households +m" +b +e -V
Interest Rate 0 ré r rd r




all variables in the model presented below are real variables unless otherwise

indicated.
B. Money and the Banking System

Money supply (bank loans) is determined by profit-maximizing commercial
banks at each point of time. Each identical bank decides the amount of loans
to households and firms so as to maximize its profits subject to the balance
sheet condition and the reserve requirement as follows:

max Il =r - r? m¢ - r; Ry = C(y 6y)

(1)
s.t. Ty = my and Rt = Tt &

where 1 represents bank loans; m bank deposits; R reserves held at the
central bank; T the required reserve ratio; r the commercial bank lending
rate; rd the deposit rate; r® the central bank lending rate; C(1; 8) the
commercial bank’s operational cost function; and € a cost parameter for the
bank. The cost function C(I; 8) is assumed to be twice continuously
differentiable and strictly convex in 1 and 6.

From the first-order condition, the money supply function is obtained

as follows:

d ¢ ¢
zy =1y —ry=Ci(0; 6) + Ty ry=D0y Ty, 64)

or (2)
s ¢
my = 1y = 1(zy; Ty, T, 64)

where 1(z; .) is the inverse function of D(l; .) and satisfies 1, <0, 1. <0, ¢

<0, and 13 < 0; m* = 1(z; T, r%, 0) represents the money supply function; and

z (= r~rd) is the spread between loan and deposit rates, which represents the




cost of credit intermediation for the economy.

Monetary policy shifts the money supply curve. The central bank can
control the money supply curve by changing the required reserve ratio (1)
or the central bank lending rate (rc).3 An expansionary monetary policy
shifts the money supply curve to the right in the (1, z) plane, and thus raises
the interest rate spread given the money demand curve derived below (Chart
1). A restrictive monetary policy, on the other hand, shifts the moﬁey supply
curve to the left in the (1, z) plane, and thus reduces the interest rate
spread given the money demand curve.

A banking crisis shifts the money supply curve to the left because it
raises the cost of banking operation (8). Bernanke (1983) has argued that a
banking crisis during the Great Depression raised the costs of channeling
funds from households (savers) to firms (ultimate borrowers), thereby
adversely affecting macroeconomic performance. In our model, such
macroeconomic effects of a banking crisis are captured by an increase in the
value of cost parameter 8, which shifts the money supply curve to the left
and raises the cost of credit intermediation, which is determined at the
intersection of the money supply and demand curves in money market
equilibrium.

Money demand (bank deposits) is determined by the Clower constraints
on households and firms at each point of time. In a monetary economy,
"money buys goods, goods buy money, but goods do not buy goods." Money
is therefore demanded for transactions purposes by households (mh) for
purchasing consumption goods and by firms (mf) for purchasing investment

goods. Thus, total demand for money is given as the sum of these two

3 The central bank lending rate of our model includes not only the
official discount rate, but also the federal funds rate in the United States,
and the call rate in Japan. Bernanke and Blinder (1992) present empirical
evidence that the federal funds rate is a good indicator of monetary policy
actions.




Chart 1

Money Demand and Supply Curves

A md = m(c, xk(1+h(x)))

m® = 1(z; T, r% )
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demands:

d _ h f
my = mg + my

(3)

Cit + tht(1 + h(X))
where ¢, represents consumption and xtkt(1+h(xt)) represents investment with
adjustment costs in units of output. Thus, we can express the demand for

money function as,md = m(c, xk(1+h(x))). In the next sections, we examine how

such consumption and investment are determined by households and firms.

C. Value Maximization by Firms

Each identical firm decides on the time path of investment, facing the
time path of wage bills and interest rates. As labor is in fixed supply by
assumption, there is one worker per firm. Investment (i) incurs an
adjustment cost of ih(i/k) where k is capital stock. The adjustment cost
function h(.) is assumed to be nonnegative and convex with a minimum value
of zero when net investment is zero (i.e., h(5)=0 where & = rate of
depreciation). Each firm has to hold money balance (bank deposits) equivalent
to the amount of investment expenditure, which incurs transaction costs at the
rate of the interest rate spread (Zt)'

Thus, the firm’s maximization problem can be written as follows:

max jg[f(kt) "tht(1 +h(Xt)) - Wi~ Ztmft]ptdt

s.t. f(t = (xy -8)ky and mft = x¢ ky (1 + h(xq))
(4)

where fl(.) > 0, f”(-) <0, fI(O) ®, Kkg=TKy> 0,

and pt=exp{—jér\,dv}.

The Hamiltonian for this problem is:




bt [ F(k) = (14 z¢) kexp (1 + h(xp)) = wy + qi(i = ki) ] (5)

where q; is the shadow price of an additional unit of capital, which also
represents the equilibrium price of capital measured in units of output.

Let us define Xy = 1t/kt and H(xt) = xt(H—h(xt)). Then, the optimality

conditions are obtained as follows:

/ -1 (6)
H'(xt) = (1 +2z¢) qy
Ge= (rp+8) ar=[Flk)+ (1+ 29 X (x) ] «)
Ti ki = 0
timm Pt At Kt ®)

The first condition states that the marginal cost of investment must be equal
to the equilibrium price of capital (measured in units of output) adjusted for
the cost of holding money or the transaction cost (qt/(1+zt)).

The second condition can be solved subject to the transversality

condition as follows:

a; = j: [ f’(ks) + (1 + 24) xg h’(xs) 1 exp{ - ﬁ (ry + 8) dv } ds (9)

This shows that the equilibrium asset price (qt) is the present discounted
value of marginal products of investment where the discount rate depends on

the term structure of market—-determined interest rates.

D. Financing Scheme

Next, let us look at the financing scheme of the firm. We assume that

firms finance replacement investment by retained earnings and net investment
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by bank Tloans (1—mf=mh) and bond issues (b). Then, the firm’s cash-flow (n)

is given by the following:

ny = Flke) = Kexe (1 + h(xp)) = wy - rt(mrt‘ + by) - ztmi (10)
The dividends (m) are given by the following:

m = flk) - k(8 (1 +h(3) - wi r(mh+ by) - zym! )

Therefore, new bonds are issued as follows:

by + il = ki [ x; (1 +h(x)) =5 (1+h(@) ]

(12)

kt { Xt (1 + h(Xt)) - 8]

This shows that household savings are equal to net investment.
From the balance sheet condition, the following relationships hold

between the values of capital (V), bonds (b), equity (e), and capital stock (k):

Vt=qtkt=bt+(1t—m{)+et=bt+m¥+et

| (13)
where et = Py J:nsps ds

This simply shows that the value of the firm is equal to the sum of its
liabilities and owners’ equity and that it is independent of the method of
financing. In other words, all financing schemes are equivalent in the sense
that they lead to the same optimal path of {Ct} and ﬁt}' This is one of the
main impTlications of the Modigliani-Miller theorem. The above relationship also

indicates that Tobin’s "marginal q" and "average q" are equal in our model.*

4 This equality depends on the linear homogeneity of the production and
adjustment cost functions in labor, capital and investment. This condition is
satisfied as all variables in the model are in per capita terms. See Hayashi
(1982).
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E. utiltity Maximization by Households

Each household supplies one unit of labor inelastically and receives
wage w;. His income is the sum of wages, interests on deposits and bonds,
and dividends. The income must be allocated either to current consumption
or to savings in the form of deposits and bonds. The household’s problem is
to choose a sequence of consumption {ct}mo subject to the wealth "constraint
under the term structure of real interest rates {rt}“’o. Therefore, the

household’s maximization problem can be written as follows:

max J; U(cy) e Pt gt

h (14)

st. oy + (by +my) "

M + wi + ry(by + m?) - zymy

and m? = Ct

The Hamiltonian for this problem is:

ePlruGe) +1 ¢ {m + wp + ry(by +mrt‘) - (1 +zy)cg }] (15)

Thus, the optimality conditions are given by:

/ (16)
U(Ct) =At (1+Zt)

Li=(B=ry) by (17)

Tim (bt+m?) lte'8t=0

tr

(18)

From these conditions, we can obtain the present value of marginal

utilities in units of utils as follows:
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xt:J: exp{—J'i(B— ry) dv} ds (19)

This together with equation (17) determine the path of the rate of change of
marginal utility and thereby the path of the rate of change of consumption.
The level of this consumption path 1is determined by the following

household wealth constraint:

h
J:(1+zt)ctpt dt={b0+ m0+J.:TItPt dt}+J‘; thtdt

ag kg + j; wi pt dt (20)

V 4+ V*

This shows that total consumption plus associated transaction costs equal to
the sum of nonhuman wealth (V) and human wealth (V¥). It also shows how

g enters the consumption decision of households through the wealth effect.
F. Intertemporal Cost-of-Living and Income Distribution

The household wealth constraint also suggests a new measure of
inflation in a dynamic general equilibrium context. Let us rewrite the wealth

constraint as follows:

qO=J:[(1+Zt)Ct”‘Wt]Ptdt/k0 (21)

This shows that q; represents not only the equilibrium price of capital but
also an intertemporal cost-of-living relative to wages. If g raises, income
distribution will shift from labor to capital. In general equilibrium, this means
an increase in the intertemporal cost-of-living for labor. Thus, g measures

inflation (defined as an increase in the intertemporal cost-of-living for labor)
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in a dynamic general equilibrium model.’
G. Market Equilibrium and Macroeconomic Dynamics

Households and firms make optimal decisions, taking the term structure
of interest rates as given. Therefore, aggregate supply and demand are
brought into equality by endogenous adjustment of the term structure of

interest rates {rt}‘”O:

f(kt) cy + ktxt(1 + h(Xt)) + zymy

(1 + z¢)et + (1 + z) kixt (1 + h(xy))
(22)
or

(1+2)" f(k) = of + kixe (1 + h(xp)

This goods market equilibrium condition suggests that the cost of credit
intermediation (Zt) represents a transaction cost in the monetary economy.
It can be shown that there exists a term structure of interest rates
{rt}"’0 that makes the centralized and decentralized Ramsey economies to be
equivaTen’t.6 Under such a term structure of interest rates, the behavior of
consumption, investment and output in our decentralized economy becomes

equivalent to that of the following centralized Ramsey economy:
] 'Bt
ma u(ci) e dt
X JNO (ct)

s.t. (1 + Zt)-‘ f(ky) = ¢y + Kexp (1 + h(xt)) (23)

and i(t = kt (Xt - 5)

g Shibuya (1992) derives an analogous index of inflation from a discrete-
time partial equilibrium model.

5 The proof is analogous to that in Abel and Blanchard (1983).
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The Hamiltonian for this problem is:

e P U1+ 20) f(ky) = Kexp(1 + hixp))) + pike(xg = 8) 1 (24)

Therefore, the optimality conditions for the centralized economy are obtained

as follows:
Ule) Hxp) = m (=)¢ ap ) (25)
b= (8 +8)m - Ule) [ (14 207 #kp +x nl(x) 1 (26)
. -Bt -
Tim e My k’( =90 (27)

tr o

To sum up: the macroeconomic dynamics of our decentralized market
economy is completely determined by these equations. In the centralized

economy, real interest rates are internalized so that they do not appear in the

above equations.
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III. Monetary Policies and Disequilibrium Dynamics

In the previous section, we have shown how the central bank can shift
the money supply (bank credit) curve with the use of its monetary policy
instruments such as the central bank lending rate and the required reserve
ratio. We have also shown how the macroeconomic dynamics of our economy
can be described by a system of basic differential equations. Tm'ﬁs section -

examines the dynamic effects of monetary policies on the real economy.
A. Monetary policies

We assume that there exists a natural level of the cost of credit
intermediation z* (the interest rate spread between loan and deposit rates)
that is determined by the banking technology and that is consistent with the
equilibrium growth path of the economy. Then, a monetary policy in our
model is defined by triplet (o, 1y t), which consists of an unanticipated rise
in the cost of credit intermediation by o at T and an anticipated fall in the
costs by o at t;. In other words, expansionary monetary policy (~o, ty tt)

temporarily reduces Zy such that:

(¥ -0 for tH <ty

- (28)
Z2¥ otherwise

s =

In contrast, restrictive monetary policy (o, T tt) temporarily increases zy such

that:

(2x t+o for ty<t=s

29
Z¥ otherwise (29)

Zy =

It is important to note that a monetary policy is wnanticipated at the time of
initial implementation but once implemented its duration is anticipated, and

that it causes a temporary deviation of the cost of credit intermediation from
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the natural level.
B. Macroeconomic Dynamics and Steady State

To study the dynamic effects of monetary policies in the decentralized
economy, we can start with examining their effects on the centralized economy.
Once the behavior of consumption, investment, and output is charaéteriied in
the centralized economy, it is relatively easy to deduce the movements of the
equilibrium asset price and the market clearing term structure of interest
rates in the decentralized market economy. From the previous analysis of our
model, the system of fundamental equations that describes macroeconomic

dynamics is given as follows (time subscript t's are omitted):

cHkx(1+h(x)=(1+2)" f(k) (30)
Ve Hx) =u=1 q | (31)
L=@+8)u-ue L+ k) +x 1] (32)
k =k (x - 58) (33)

These equations suggest that, from the viewpoint of macroeconomic dynamics,
monetary policy acts like a transitory productivity shock to the economic
system.

The system of equations (30)-(33) defines the macroeconomic dynamics
of the centralized economy in the (k, x, ¢, 4) space. We can eliminate ¢ in
equation (31) using equation (30), and then differentiate it with respect to
time. Next, we can eliminate du/dt in the equation using equation (32) and

obtain the following differential equation in terms of dk/dt and dx/dt:

17




815(=BQ+83[:<

(34)
where
B = H/(x) +ae) tH (¥ k> 0
By= (B +8)H (x) - xth(x) - (1 + 27 (k) (35)
By = ate) H/(x) [(1 + 2)¢ (k) = H(X) 1
in which af{c) = -U"(c)/U’(c). This equation, together wiith equation (33),

characterizes the macroeconomic dynamics of the centralized economy in the
(k, x) plane. Since the macroeconomic dynamics of the centralized and
decentralized economies are equivalent, it is straightforward to characterize
that of the decentralized economy in the (k, q/(i+z)) plane using H(x) =
q/{(1+z). Since dlq/(1+z)]1/dx = H"(x) > 0, the phase diagrams in the (k, x) and
(k, a/(1+z)) planes are homeomorphic and share the same characteristics. As
the economy has a unique saddle point equilibrium 1in the (k, x) plane, it
carries over to the saddle point equilibrium in the (k, q/(1+z)) plane.!

The steady state of this macroeconomic system is obtained by setting

dk/dt = 0 and dx/dt = 0 as follows:
(1+2) Fkx) = (g +3) H©E) - 38 h(3) (36)

This implies that a rise in the cost of credit intermediation (z) reduces the
steady—state level of capital (k*) and conversely a fall in the cost of credit

intermediation increases the steady-state level of capital.

T 1o draw the phase diagram: First, draw the Tloci dk/dt = 0, By =0, and
B; =0 in the (k, x) plane, assuming that a(c) = constant and noting that B
=0 and By = 0 have the same value of k for x = B + & and that B, = 0 an
dk/dt = 0 intersect at k = k¥. We see that these loci divide the (k, x) plane
into seven regions. Second, check the signs of By, By, dk/dt, dx/dt for each
region. Third, using these signs, we can draw the p%wase diagram in the (k,
x) plane. The phase diagram has a saddle point in the (k, x) plane.
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C. Asset Price Bubbles and the Business Cycle

Now let us examine the dynamic effects of expansionary monetary policy
(-o, T, tl) on the decentralized market economy. Suppose that the economy
is initially on the balanced growth path. Then, the expansionary monetary
policy generates a business cycle with an asset price bubble. To see this, let
us examine backward what happens at time T While zy jumps up(at time T,
costate variable u cannot have an anticipated disc:on‘tinui‘cy.8 Therefore, ¢ and

x must satisfy the following two relations:

Loy il ¢er 9S4 lleoy il ey 9% — dit _
H'(x) U (C)Fi + H'(x)U (C)HE =45 = 0 (37)
de _ T dx- Tl d : .

Stk (1 +h)) T kx () = =F(k) (1 +2)7 (38)

Thus, we obtain the following derivatives of consumption and investment with

respect to the cost of credit intermediation:

de £(K)

_— = - <0 (39)
dz (1 +2)001 + k H(x) (alc)/B(x))]
and

dx _ _ a(c) #(k) <o (40)

dz B(x) (1 + )01 + k H (x) (alc)/B(x)) ]

where
ale) = - UN(C) >0 and B(x) = _7____H”(x) >0 (41)
U/ (c) H (x)

In other words, an increase in z at time t, reduces both consumption and

investment.

8 see Kemp and Long (1977).
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This result in turn imples that an increase in the cost of credit
intermediation at time t; reduces the equilibrium asset price (q/(1+2)) and

increases the shadow price of consumption (A (1+z)):

dia/(0 +2)] . o and di} (1+2)]
dz dz

> 0 (42)

These results follow directly from the optimality conditions of consumption and
investment decisions in the decentralized economy that we have stud%ed in the
previous section.

wWhen the expansionary monetary policy ends at time ty, the cost of
credit intermediation returns to the natural level thereafter. Thus, the
economy must be on the equilibrium growth path after time Y, and eventually
converges to the balanced growth path.9 Therefore, the above analysis
implies that the economy must move from a divergent disequilibrium path onto
the convergent equilibrium growth path at time 1:‘.‘O This in turn implies
that the economy must move from the initial balanced growth path to a
divergent disequilibrium path at time t, when the central bank initially
implements the unanticipated expansionary monetary poh‘c:y.H

From these analyses, we can draw phase diagrams that describes the
dynamic effects of monetary poh'm’es.‘2 Chart 2 shows how an expansionary

monetary policy triggers a business cycles with an asset price bubble. It

Y This follows from the transversality condition.

0 The interest rate must be infinitely negative at time t, for an instant
in order to generate the discontinuous falls in consumption and investment.
This feature is due to the discontinuity in z at time T and could be eliminated

either by moving to discrete time or by making z continuous with respect to
time.

i
details.

2 The following phase diagrams are drawn assuming that a(c) = -
U"(c)/U’(c) is constant. In steady state, g*/(1+z*) is equal to H'(8), which is
one under the assumption of h(8) = 0 and h'(d) = 0, and k* satisfies
' (k*)/(1+2%) = B + &.

See Kemp and Long (1977) and Abel and Blanchard (1983) for technical
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Chart 2

A Business Cycle with an Asset Price Bubble
Triggered by an Expansionary Monetary Policy

a/(1+z) ' /

H*(3)

0 ' k*x  kxx




first triggers a jump in the asset price and investment at the time of initial
monetary easing (to). And thereafter the asset price and investment increase
along a divergent disequilibrium growth path, accumulating capital until the
end of the expansionary monetary policy (t1). This temporary accumulation of
capital helps smooth out the effects of the 1increased cost of credit
intermediation on consumption and investment at time T However, the
smoothing 1is not complete because of adjustment costs, and t‘k’\ere, is a
discontinuous fall in consumption and investment at the time of monetary
tightening (tt)'

Using the same arguments, we can show that restrictive monetary policy
or banking crisis (o, s tl) generates a business cycle with asset price
deflation (Chart 3). An rise in the cost of credit intermediation caused by
either an unanticipated restrictive monetary policy or an unanticipated
banking crisis first triggers a discontinuous drop in the asset price and
investment, which dislocates the economy from the balanced growth path to a
divergent disequilibrium path. The economy then moves along this
disequilibrium path during the anticipated duration of the restrictive monetary
policy or the banking crisis. When the restrictive monetary poﬁ'cy or the
banking crisis finally ends, the economy jumps back to the convergent
equilibrium path this time and eventually returns to the balanced growth path
of the economy.

There are many important instances in economic history that the end of
expansionary monetary policy caused financial distress and led to a banking
crisis, creating a "boom-and-bust" business cycle. Let us consider, therefore,
the case in which the end of expansionary monetary policy (-0, t, tt) causes

unanticipated banking crisis (o*, ty, tz) at time t1.13 First, the dynamic

¥ The basic characteristics of the disequilibrium path will remain the
same even if the banking crisis at time t, is anticipated at time tp. The
specific path to be taken, however, will be different between the two cases.
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Chart 3
A Business Cycle with Asset Price Deflation

Triggered by a Restrictive Monetary Policy
or a Banking Crisis

a/(1+z)

H’(8)

0 ' k¥x k%
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process is essentially the same as that of Chart 2 up to time 1. But, the
banking crisis at time T increases the cost of credit intermediation by o%
above the natural level, which dislocates the economy from point C to point
D as shown in Chart 4. Then, the rest of the dynamic process is analogous
to that of Chart 3. The economy moves along a divergent disequilibrium path
from point D to point F until time t, at which the banking crisis ends. At
time t,, the economy jumps up to point G on the equilibrium growth ‘,path, and
thereafter converges to the balanced growth path represented by point E.
This completes the monetary—-and-real business cycle with an asset price

bubble and a banking crisis. 't

D. A Link between Dynamic Disequilibrium and Inflation

We have already pointed out that the asset price measures the
intertemporal cost-of-living for labor in general equilibrium. We have also
shown that the asset price signals a deviation of the cost of credit
intermediation from the natural level or a deviation of the economy from the
equilibrium growth path that is induced by a monetary policy shock. In this
way, the asset price links a dynamic disequilibrium state of the real economy
with inflation defined as an increase in the intertemporal cost-of-living for
labor. In other words, the business cycle with asset price bubbles that is
artificially caused by an expansionary monetary policy is associated with
inflation in the context of dynamic general equilibrium or an unwarranted shift

in income distribution from labor to capital.

" These business cycles may be interpreted as a modern representation
of the Wicksellian cumulative process. It is interesting to note that Myrdal
(1939) has emphasized the importance of "Tobin’s g" in the Wicksellian
monetary theory and explicitly related a deviation of "Tobin’s q" from one
with the start of a Wicksellian cumulative process.

22




Chart 4

A Monetary-and—Real Business Cycle
with an Asset Price Bubble and a Banking Crisis
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E. The Role of Monetary Policy

What does the above analysis say about the role of monetary policy?
It suggests that if the ultimate goal of monetary policy is to guide the
economy onto a “non-inflationary balanced growth" path, it should aim at
keeping the cost of credit intermediation at the natural level through time.
To achieve this goal, however, the central bank needs an,‘indicat;‘)r of the
dynamic state of the macroeconomy that can signal a deviation of the cost of
credit intermediation from the natural level. Our analysis suggests that the
asset price works as such an indicator.

The appropriate interpretation "of asset price movements, however,
requires further elaboration. For example, we can think of three different
situations that the central bank must distinguish in order to achieve non-
inflationary balanced growth through the asset-price-based monetary policy.
The first situation is simply when the economy is already on the balanced
growth path. The role of monetary policy in this case is to prevent jtself
from becoming a major source of macroeconomic disturbances. In particular,
the central bank should avoid implementing a wrong policy that brings the
economy off the balanced growth path, starting a business cycle with asset
price inflation and deflation (Chart 2).

The second situation is when the economy is off the balanced growth
path due to a banking crisis, which raises the cost of credit intermediation.
The role of monetary policy in this case is to offset the temporary rise in the
cost of credit intermediation until the banking crisis is over so that it can
prevent the economy from going through a business cycle with asset price

15

deflation. For example, in the case of Chart 4, monetary policy can offset

B At the same time, it is important for the monetary authorities to
control the banking crisis for earlier resolution so that its duration and thus
the recession can be minimized.
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the rise in the cost of credit intermediation (o*) at time t;, so that the
economy can move from point C to point E along the convergent equilibrium
path, instead of going through the recessionary phase (C->D->F->G->E).

The third situation is when a productivity shock shifts the steady-state
of the economy. For example, we can think of a case in which financial
deregulation and innovations permanently reduce the cost of credit
intermediation. In this case, the central bank should let the eoonomﬁy respond
optimally to such a productivity shock without monetary interventions (Chart
5). A monetary policy that is aimed at offsetting the productivity shock in
this case would dislocate the economy from the convergent equilibrium growth

path and would trigger a new round of the business cycle with asset price

deflation.
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Chart 5

The Optimal Adjustment to a Permanent Productivity Shock
Such as Financial Deregulation and Innovations

a/(1+z)

H' (3)
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IV. Concluding Remarks

We have developed a dynamic general equilibrium model that
incorporates a banking sector and 7nside money into the decentralized Ramsey
economy. Our model therefore provides an alternative to the monetary
equilibrium model of Sidrauski (1967) with money in the utility function and
that of Stockman (1981) with a cash-in—advance constraint, both offwhich are
based on a centralized Ramsey economy with outside money. We have shown
that monetary policies affect macroeconomic dynamics through the same
mechanism as "real” shocks. Thus, our model can integrate both "monetary"
and "real" business cycle theories within the common framework of the
decentralized Ramsey economy. It suggests that we can analyze the dynamic
effects of monetary and fiscal policies as well as productivity shocks within
the same framework presented in Abel and Blanchard (1983) and Blanchard and
Fischer (1989).

Moreover, our model emulates the business cycle with asset price
bubbles. It shows how an expansionary monetary policy reduces the cost of
credit intermediation and thus triggers the business cycle. The expansionary
monetary policy temporarily dislocates the economy off the equilibrium growth
path onto a divergent disequilibrium growth path. Meanwhile the asset price
keep rising accumulating capital stock and then drop discontinuously as the
expansionary monetary policy comes to an end. The economy then moves back
to the equilibrium growth path and thereafter converges to the balanced
growth path. However, if the end of the expansionary monetary policy is
followed by a banking crisis, the economy could experience a prolonged period
of economic slowdown like the Great Depression. Thus, the model is capable
of analyzing the phenomenon of disequilibrium dynamics.

Let us conclude this paper summarizing its main features: First, it has
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shown how monetary policies can affect the real economy through the credit
channel of monetary fransmission, and also how the dynamic effects of
monetary policies can be analyzed in a general equilibrium model. Second, it
has shown how monetary policies and a banking crisis can generate business
cycles with asset price inflation and deflation in a decentralized market
economy with rational economic agents and market clearing. Third, it has
linked a dynamic disequilibrium state of the real economy with{ inflation
defined as an increase in the intertemporal cost of living for labor. Fourth,
it has proposed that the central bank keep the cost of credit intermediation
at the natural level through time so that the economy converges to the non-
inflationary balanced growth path ahd adjusts optimally to productivity
shocks. Fifth, in this context, it has argued that the asset price can be a
useful indicator for monetary policy because it conveys information about the

state of dynamic disequilibrium and inflation.
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