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"[A]theory of equilibrium growth badly needed---and st"l needs--

a theory of deviations from the equ"ibrium growth path. ...

[The] fundamental intellectual need is for a common under$tanding

of medium--run departures frora equilibrium growth. That fis the

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

December 8, l9871

                               Abstract

This paper presents a dynamic general equilibrium model that incorporates

profit-raaxiraizing banks and insfde money into a decentra7ized Ramsey

economy. It offers an alternative to the rnonetary equ"ibrium model of

$idrauski with money in the ut"ity function and that of Stockman with a

cash--in-advance constraint, both of which are ba$ed on a centra7ized Ramsey

model wSth outsfde money. The model show$ 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 sfze

but also on the anticipated duration of the monetary policy. Moreover, fif 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 disequi7ibrfum dynamfcs.



X. Introduction

      Since the mid-1980s, the United States, Japan, and the United Kingdom

have gone through a busfiness cycle that is characterized by an as$et price

bubb3e. They have experfienced a cycle of economic boom with low interest

rates and soaring asset praces, followed by economic $lowdown with monetary

tightening and plummeting asset prices. These developments have raised 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 in the

business cycle with asset price bubbles? What are the implications of these

deve3opments for inflation and income distrfibution? No general equvabrium

models exist that can addre$s these questions.1

      The purpose of this paper fis to construct a dynaraic general equilibrium

model with a banking system and to shed new light 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 a$ income

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 rnany factors $uch a$ financaal

 deregulation and innovations, a banking crisis and monetary policy are two of

the most important factors.

      Monetary policy affects macroeconomic dynamScs by changing the cost

 of credit intermediation: For exaraple, a reduced central bank lending rate

 engineered by an expansionary raonetary policy reduces the co$t of banking

     l The monetary model of Brunner and Meltzer (1976) may be used to
 analyze such a phenomenon. Their model, however, i$ not based on individual
 optimization and is limited to ternporary 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 $pread mea"s a reduced

cost of credit intermediation for the economic sy$tem. An expansionary

monetary policy therefore acts like a positive productivity shock to the

economic system. Conversely, a restrictive monetary policy acts 11ke a

negative productivity shock. The magnitude of the resulting bu$ine$s cycle

                                                              '
depends not only on the size but also on the anticipated duratfon of the

monetary policy.

      A sma13 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 Cost of credfit intermediation from the

natural level that is consistent with the equ"ibrium growth path temporarily

dislocates the economy onto a divergent growth path, initiating a process of

disequilfibrium dynamics. When the co$t of credit intermediation returns to the

natural level, the econoray w"1 move back to the convergent equi4ibrfiura

growth path, Thus, the economy can diverge significantly frora the

equiXbrium growth path while the cost of credit intermediation deviates from

the natural level.

      !t is real interest rates, rather than a nominal quantity of money, that

play a main role in the transmission of monetary polficy. In this respect, our

theory is slmilar in spirlt to Wacksell'$ (3936) "curaula'tive process," in which

a divergence between the "natural" and "market" rates of interest triggers

the Wickse31ian disequ"ibrium dynamics. The econoray may be away from full

equ"ibrium path for a long period of time. Wicksell's model, however, is

incomplete becau$e it keeps the real sfide fixed and focuses only on price

 dynamics. Our model iliustrates how price dynamics interacts with quantity

 dynamics in the course of the busines$ cycle.

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

                                   2



naraely, sharp rises and falls in the asset price relative to the product price

(Tobin's q). We therefore pre$ent a dynamic general equilibriura 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 rnagnitude of the bubble depeRds

not only on the sfze but also on the anticipated duration of expansionary

rBonetary policy. The longer the expected .duratlon of the expansionary

monetary policy, the greater the size of an eventual bubble burst.

      We define an asset price bubble as a temporary departure of the as$et

price from it$ macroeconomic fundatnenta7: namely, the asset value that is

consfi$tent with the equf7fbrfum gr`owth path of the economy. This

macroeconomfic bubble is different from a mficroeconomic bubble of Tirole (1982,

1985), which is defined as a deviation of the asset price from its

microeconomic fundamenta7: namely, the present discounted value of dividends.

Tirole (1982) shows that an asset price bubble in the microeconomic $ense

cannot not exist in a perfect foresight equ"ibrium with infinitely--lived agents.

We show that an a$set prace bubble in the macroeconomic sense can exist even

in a perfect feresight equ"ibrfium with infinitely-lived agents if the economy

i$ decentralized.

      The model suggests a new concept of Snflation and its relation to

disequilibrlum dynamics. First, it shows that a higher asset price implies a

higherintertemporal cost-of-1fiving for labor. In other words, the asset price

 (Tobin's q) is a fundamental index for inflation in a dynamic context. Next,

fit shows that a devfiation of the economy frora the equilibrium growth path

that is caused by a monetary policy shock is reflected in the movement of the

asset prfice. Thus, the model links the dynamic concept of inflation (defined

as an increase in the intertemporal cost-of-iiving for labor) to a dynamic

 disequ"ibrium $tate of the real economy.
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     The same transmission mechanfism also suggests the dynamic effects of

a banking crisi$. Both a monetary policy shock and a banking crisis affect

macroeconomic dynamics through thefir effects on the cost of credit

intermediation. For example, Bernanke (1983) has argued that a banking cri$is

played a raajor role in the propagation of the Great Depres$ion by raising the

co$t of credit intermediation. In this respect, our model emulates the dynamic

effect$ Qf a banklng cri$is a 7a Bernanke. Zn particular, it reconc"es the

deep and protracted period of economic $lowdown (a suboptimal state of the

ecenomy> with the postulates ef rational economic agents and raarket clearing.

A banking cri$is increases the co$t of credit intermediation and thereby

affects intertemporal market opportunitGe$ and allocations; fit can drive the

econoray off course for a prolonged period of time.

      The rest of this paper is organlzed as follows: Section IX constructs a

dynamic general equilibrium reodel of a rcacroeconomy with a banking $ystem.

Xt presents the maxindzataon problems of banks, hou$ehold$, and farms, and

then describes the market equilibriura and the system of equations that

defines macroeconoraic dynamics. Section III analyzes the effects of

expan$ionary and restrictive monetary policies a$ well as a banking crjsis on

macroeconomic dynamfics, and discusses the role of monetary policy. $ection

                                                                    '
IV ¢oncludes this paper.
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H. ADecentralizedRamseyffconorayWithInsideMoney

     This $ection develops a dynamic general equilibriura model with a

banking system, which is bufilt on the decentralized Rarasey model of Abel and

Blanchard (1983) and Blanchard and Fischer (1989). They use thelr model

mainly to ana3yze the dynamic effects of fiscal policy. We show that their

raodel can be ea$"y adapted to incorporate a banking system (a central bank

and ¢oramercial banks) and thereby to analyze the dynamic effects of monetary

policies and a banking crisi$ in a dynamic general equilibriura framework.

,Moreover, our medel with the banking system exhibits the phenomenon of the

                                                  'business cycle with as$et price bubbles.

      We introduce (1) profit-maximizing banks and (2) the Clower (money--in-

advance) constraint$ on households and firms.2 Money is supplied by

identical banks as bank loan$ and held by households and firms as bank

deposits, which are then used as a means of payments for consumption and

inve$tment. In other words, weintroduce commercial banks and inside money

 (credit money) into a decentra7ized Ramsey model, and define the role of

money as a mean$ of payraents. Thus, we present an alternative to the

monetary equilfibriura model of Sidrau$ki (1967) with money in the utility

function and that of $tockman (1981) with a cash"n-advance constraint, both

of which are based on a centra7fied Ram$ey model with outside money.

 A. TheBasicFramework

      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 raonetary economy, "money buys goods, goods buy money, but
 goods do not buy goods." See Clower (l967).
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economic agent$ are $ummarized in Table l where plus signs indicate as$et$

while minu$ signs indicate liab"ities. Profat--maximizing commercial banks

determine raoney $upply (bank loans) wh"e meeting the reserve requirement.

The central bank supplies reserves to commercial banks and implements its

monetary poMcy by changing the central bank lending rate on re$erves or the

required reserve ratio. Hou$eholds and ffirms determine money demand (bank

deposits), which they use as the rneans of payments for their consumption and ,

inve$tment transactions.

      Interteraporal consumption plans are made by optimazing identical

households, which also supply one unit of labor finelastically. Total

consumption (in present va3ue) is a'n increasing function of total wealth

(human and nonhuman), and jts rate of change over time is an increasang

function of the real intere$t rate. Intertemporal investraent 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

a$set price to the product price (Tobin's q).

      The equality of aggregate demand and supply is maintained at every

point ln tirae by the endogenous adjustraent of the terra structure of real

interest rates {rt}coo . The term structure of real interest rates coordinates

the interteraporal consumption and finvestment plans of households and firms.

These real intere$t rate$ preva" in the bond and loan markets (r --- rb --- rl).

On the other hand, the spread between the loan and deposit rates (z = rl--rd)

is determined in the money market at the intersection of the money supply

and demand curves. The deposit rate (rd) is then determined glven the real

interest rate and the spread.

      We a$sume for notational simplicity that the number of bank$, 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,
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The Balance

   Table 1

Sheets of Economic Agents

Reserves C,B, Loafis Bank Loans DeposGts BoRds Equity Net Worth

w--- .----

Central Bank

Banks

Firms

Households

-R

+R

-l-L

-L ÷1

-1

-m

+mf -b -e
+mh +b +e

+qk

-v

Xnterest Rate o rC r
rd

r

6-1



all variablesin the model presented below are rea7 variables unles$ otherwise

indicated.

B. MoneyandtheBankingSystem

      Money supp7y (bank loans) is determined by profit-maximizing commercial

banks at eac.h point of tirne. Each identical bank decides t.he amount of loans

to hou$eholds and firra$ so as to maximize its profits subject to the balance

sheet condition and the reserve requirernent as follow$;

 max H=rtlt---rlmt-riRt-c(lt;et)

                                  ' (1)
 $.t. It=mt and Rt=rtlt

where l repre$ents 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; rC the central bank lending rate; C<l; e) the

commercial bank's operational cost function; and e a cost parameter for the

bank. The cost function C(l; e) is assumed to be twice continuously

differentiable and strictly convex in 1 and e.

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

as follows:

 zt fi rt - rl = clot; et) + Tt ri =- D(lt; 'ct, r?, et)

             mi = lt m 1(zt; Tt, r?, et)

 where l(z; .) i$ the inverse function of D(l; .) and satisfies lz < O, IT < O, lrc

 < O, and le < O; mS = 1(z; T, rC, e) represents the money supply function; and

 z (= r-rd) is the spread between loan and deposit rates, which represents the
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       cost of credit intermedfatfon for the economy.

             Monetary po7icy shifts the money supply curve. The central bank can

       control the money $upply curve by changing the required reserve ratio (rr)

       or the centra3 bank lending rate (rC).3 An expansionary monetary policy

       $hifts the money supply curve to the rightin the (l, z) plane, and thus raises

       the interest rate $pread gfiven the money demand curve derived below (Chart

. 1).Arestrictivemonetarypolicy,ontheotherhand,shiftsthemoney$upply

       curve to the left in the (l, z) plane, and thus reduces the intere$t rate

       spread given the money demand curve.

             A banking cn'sfs shifts the rnoney supply curve to the left becau$e it

       raises the cost of banking operation (e>. Bernanke (l983) has argued that a

       banking cri$is during the Great Depression raised the costs of channeMng

       funds from households (savers) to flrms (u3tlmate borrowers), thereby

       adversely affecting macroeconomic performance. In our model, such

       macroeconomic effects of a banklng cri$is are captured by an increase in the

       value of cost parameter e, which shifts the rnoney $upply curve to the left

       and raises the cost of credit intermediation which is determined at the
                                                  '

       inter$ection of the money supply and demand curves in money market

       equilibrium.

             Money demand (bank deposits) is determined by the Clower constraints

       on households and farms at each pofint of time. In a monetary economy,

        "money buys goods, goods buy money, but goods do not buy goods." Money

       is therefore deraanded for transactions purpo$es by household$ (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 lnclude$ not only the
        official di$count rate, but also the federal funds rate in the United States,
        and the call rate fin Japan. Bernanke and Blinder (1992) present empirical
        evfidence that the federal funds rate is a good indicator of monetary policy
        act3ons.
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Money

     Chart 1

Demand and $upply Curves

z=r7 rd

z* + of

   z*

z* - cr

pt

pt

--i-n - - nt - ---i

md = m(c,
xk(1+h(×>))

       ms . 1(z; T, rC, e)

m
o

8--1



demands:

  dh           f mt = mt + mt
                                                                   (3>

   xe Ct + xt kt(l + h(x))

where ct repre$ent$ consumptaon 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, xkO+h(x))). In the next section$, we examine how

such consumption and investment are determined by households and flrms.

C. ValueMaximizationbyFirms

      Each identical firm decides on the time path of investment, facing the

time path of wage b"ls and interest rates. A$ labor is in fixed supply by

assumption, there is one worker per firm. Xnvestraent (i) incurs an

adjustment cost of lh(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(6)=O where 6 = rate of

depreciation). Each firra ha$ to hold money balance (bank deposits) equivalent

to the amount of investwent expendjture, which incurs transactlon costs at the

rate of the interest rate spread (zt).

      Thus, the flrm's maximlzation problem can be written as follows:

 max S8[f(kt)-xtkt(i+h(xt))-wt-ztmft]ptdt

 s.t. kt:(xt--6)kt and mft=xtkt(i+h(xt))
                                                                   (4)

 where fi(.)>o, fil(.)<o, fl(o)=co, ko=-I<i>o,

 and pt=exp{"-S8rvdv}･

The Hamfiltonian for this problem is:

    '                                   9



   pt[ f(kt> - (i + zt) kt xt(i ÷ h(xt))- wt+ qt(it -6kt) ] (5)

  where qt is the shadow price of an addhional unit of capital, which also

   ,
  represents the equilibrium price of capital rneasured in unfits of output.

       Let us define xt = fit/kt and H(xt) : xt(l-yh(xt)). Then, the optjmality

  conditions are obtained as fo31ows:

' H/(xt)=(l+zt)-i qt '

   at=(rt +6) qt-[ ft(kt)÷ (i+zt) xi hi(xt)] (7)

   lim pt qt kt = O

  The fjrst condMon $tates that the marginal cost of investment must be equal

  to the equilibriura price of capital (measured in unats of output) adjusted for

  the cost of holding money or the transaction cost (qt/(4+zt)).

        The second condition can be solved subject to the transversality

  condition as follows:

   qt --- f[[V(ks) +(i+ zs) ×2s hi(xs) ]exp{- fi (rv+ 6> dv } d$ (g)

  Thfis shows that the equ"abrium asset price (qt) a$ the present dlscounted

  value of marginal products of investment where the discount rate depends on

  the term structure of raarket-determined interest rates.

  D. FinancingScheme

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

  firms finance replacement investment by retained earnfings and net investment

                                     10



by bank loans (1-mf=mh) and bond issue$ (b). Then, the firm's cash--flow (n)

is given by the follewing:

 nt --･-- f(kt) - ktxt(i +h(xt)>- wt -- rt(ml+ bt) - zt m[ (iO)

The dlvidends (E) are given by the following:

 rrt=f(kt)-kt6(1+h(6))--wt-rt(m?+bt)-pt-ztm[ . (11>

Therefore, new bonds are fi$sued as follow$:

 6t + ir}? :kt[ xt O + h(xt)) -6 O + h(6)) ]

                                                                  (l2)

        --kt[xt(1+h(xt))-6] .

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 + (lt - m[) + et = bt + m? + et

                                                                  (13)
 where et=piifeT[spsds

Thi$ simply shows that the value of the firm is equal to the $um of its

liabilitie$ and owners' equity and that fit is independent of the rnethod of

financing. Xn other words, all financing schemes are equivalentin the sense

that they lead to the same optimal path of {ct} and {it}. Thfis is one of the

 main fircplications of the Mod7'glian7'-Mi]7er theorem. The above relatSonship also

indicates that Tobin'$ "marginal q" and "average q" are equal in our model.4

    4       This equaMty depends on the 1inear homogeneSty of the production and
adjustraent cost function$ in labor, capital and investment. This condition is
satj$fied as all variable$ in the model are in per capita terms. See Naya$hi
(1982).
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E. UtilityMaximizationbyHousehold$

     Each housGhold supplies one unit of labor inelastical3y and receives

wage wt. Hi$ income is the sura of wages, interest$ on depo$its and bonds,

and dividends. The income mu$t be allocated either to current consurnption

or to savings in the forra of deposit$ and bonds. The household's problem is

to c,hoose a sequence of consuraptGon {ct}co o subjegt to the weakh con$traint

under the term structure of real interest rates {rt}co Q. Therefore, the

household's maximization problem can be written as follows:

 max f:u(ct)e'Btdt .
                                                                  (14)
  s.t. ct+(6t+il}?)=Trt+wt+rt(bt+m?)-ztm?

                   h and Mt at Ct
The Nam"tonian for thi$ problern is:

 e-B t[ u(ct) +At{ Kt + wt + rt(bt + m?) - (i ÷ zt) ct }] (1 5>

Thus, the optimality conditions are gfiven by:

                                                                  (16) ui(ct) =1t (l + zt)

 t

 t" co

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

u"tilitie$ ln units of ut"s as follow$:
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 Xt= 1? exp {-fi(B- rv) dv} ds (ig)
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 thfis consumptGon path is determined by the followlng

hou$ehold wealth con$traint:

 l: (i+zt)ct pt dt={bo+ mB+ f8 'rrtpt dt}+ i8 wtpt dt '

                  = qo k6+f: wtpt dt (2o)

                  ac v+ v*

This shows that total consumption plus associated transaction co$ts equal to

the $um of nonhurcan wealth (V) and human wealth (V*). It also shows how

q enters the consumption decision of households through the wealth effect.

F. !ntertemporalCost-of-Livingand!ncomeDistribution

      The household wealth constraint also sugge$ts a new measure of

inflation in a dynamic general equilibriura context. Let us rewrite the wealth

constraint as follows:

 qo :f:[ (1+zt) ct- wt]ptdt/ko (20
This shows that qo repre$ents not only the equilibrium price of capital but

al$o an intertemporal co$t--of-iving relative to wages. If q ralses, fincome

distrfibution will shift from labor to capital. In general equ"ibrium, this rneans

an increase in the intertempora7 cost-of-lfvfng for labor. Thus, q measures

inflation (defined as an increa$e in the intertempora3 cost--of-livfing for labor)
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in a dynamic general equ"ibrium model.5

G. MarketEquilibrauraandMacroeconomicDynamics

      Hou$ehold$ and firms make optimal decfisions, 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}co o:

 f(kt) = ct + ktxt(1 + h(xt)) + ztmt

      = (1 + zt)ct + (1 + zt)ktxt(1 + h(xt))

                                   . (22)
                   or

 (1 -i- zt)'i f(kt) : ct -}- ktxt(1 + h(xt))

Thi$ goods market equilibrium condition sugge$ts that the cost of credir

intermediation (zt) represents a transaction cost in the monetary economy.

     It can be shown that there exists a term structure of interest rates

{rt}eeo that make$ the centraiized and decentralized Rarasey economies to be

equivalent.6 under such a term structure of interest rates, the behavior of

consumption, investment and output in our decentralized econoray becomes

equivalent to that of the following centraMzed Ramsey economy:

 max f8u(ct)e-Btdt

 $･t･ (i+zt)-if(kt)=ct+ktxt(i+h(xt)) (23)
                  i and kt=kt (xt-6)

ti me

5 shibuya (1992) derfives

partial equ"ibrium model.

6 The proof is anaiogous

an

 to

analogous index of

 that in Abel and

   14

inflation frora a

Blanchard (1983)

discrete-



The Kamiltonian for this problem is:

 e-Bt[ u((1 -}- zt)-i f(kt) - ktxt(i + h(xt))) + yt kt(xt - s) ] (24)

Therefore, the optimality conditions for the centralized economy are obtained

a$ follows:

 vi(ct)Hl(xt):lat (=Xtqt) . (25)

 ilit :(B +6) iat - ul(ct)[o÷ zt)-i fi(kt) + xi hl(xt) ] (26)

      To sum up: the macroeconomic dynamics of our decentralized market

economy is completely determined by these equations. Zn the centralized

economy, real interest rates are interna7ized so that they do not appear in the

above equations.
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IXX. Monetary Policles and Disequilibrfium DynamSc$

                   '

     !n the prevlous section, we have shown how the central bank can shift

the money supp3y (bank credit) curve with the u$e of its monetary policy

instruments such as the central bank lending rate and the required reserve

ratio. We have also $hown how the macroeconomic dynamics of our economy

can be described by a system of basic djfferential equation$. This section

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

A. Monetarypelicies

      We assume that there exists a natural level of the cost of credit

intermedfiation z* (the finterest rate spread between loan and deposit rates)

that is deterrnined by the bankang technology and that is consi$tent with the

equf7fbrfum growth path of the economy. Then, a monetary policy in our

modeMs defined by triplet (a, to, tP, which consi$ts of an unantfcipated rise

in the cost of credit intermediation by o at to and an anticipated fall in the

co$ts by u at t3. :n other words, expansfonary raonetary policy (-a, to, tP

ternporarily reduces zt such that:

                  Zt=(l:-cr foOtrhetrOwf'setM`tl (28)

In contrast, restrictive raonetary policy (o, to, tf) temporarily increases zt such

that:

                  zt=(::+a foOtrhetrOw{.set-`tl (2g)

It i$ important to note that a monetary policy is unanticfpated at the time of

initial implementation but once implemented its duration is antic7' pated, and

that it causes a temporary deviation of the cost of credit intermediation from
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the natural level.

B. MacroecenoraicDynamfic$andSteadyState

      To study the dynamic effect$ of monetary policies in the decentraMzed

economy, we can start with examining their effects on the centralized economy.

Once the behavaor of consumption, finvestment, and output is characterized in

the centralized economy, it fis relatively easy to deduce the movements of the

equ"fibrium asset price and the market clearing term structure of interest

ratesin the decentralized market econorny. From the previou$ analysis of our

model, the sy$tem of fundamental equatfions that describes macroeconomic

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

 c+kxO+ h(x)) :(i+z)-i f(k) (3o)

 l:i :(B +6) la -ul(c) [(1 +z)-1 fi(k) + x2 hi(x)] (32)

 ,

These equations suggest that, frora the viewpoint of raacroeconomic dynamics,

monetary pollcy act$ like a transitory productivity shock to the economic

systera.

      The systera of equataons (30)-(33) defines the rnacroeconomic dynamics

of the centralized econoray fin the (k, x, c, y) space. We can eliminate c in

equation (31) using equation <30), and then differentiate it with respect to

tirae. Next, we can elimanate d#/dt in the equation using equation (32) and

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

where

 Bl me Kii(x) +a(c){Hi(×)}2 k > o

 B2 sc (B -i- 6)Hl(×) -x2hi(x) -(i + z)-ifl(k) (3s)

 B3 es a(c) HI(x) [(1 -}- z')-lfi(k) - H(x)]

in which a(c) = -U"(c)/U'(c). This equation, together with equation (33),

characterizes the macroeconomic dynamics of the centralized economy in the

(k, ×) plane. Since the macroeconomic dynamics of the centralized and

decentralized economies are equfivalent, it is straightforward to characterize

that of the decentralized economy in the (k, q/(l÷z)) plane u$ing H'(x) =

q/(l+z). Since d[q/(i--z)]/dx = H"(x) > O, the phase diagrams in the (k, x> and

(k, q/(1+z)) planes are homeornorphic and share the same characteristics. As

the economy has a unique saddle point equilfibrium in the (k, x) plane, it

carries over to the $addle point equilibrfium in the (k, q/(1+z)) plane.7

      The $teady state of this raacroeconomic system is obtained by setting

dk/dt = O and dx/dt = O as follows:

 "+z)-l fl(k*):(B+6) Hi(6)-62 hl(s) (36)

This implies that a ri$e in the co$t of credit antermediation (z) reduces the

steady-state level of capital (k*) and conversely a fall in the cost of credfit

interraediataon increa$es the $teady-state level of capatal.

     7 To draw the phase diagram: First, draw the loci dk/dt = O, B2 = O, and

B3 = O in the (k, ×) plane, assuming that a(c) = constant and noting that=o and B3 = o have the same vaiue of k for x =B+s and that B2 =o arfl3

dk/dt = O intersect at k m k*. We see that the$e loci divide the (k,                                                               x) plane
ir"etgOioSn9VePhi!redg,iOunsSingS?hCOes"ed'siC'ghnesC,kwtehecaSnfigg?aOw't?35ii9Kadsek/dd;5gdrXa/mdtin'Otrheea(Ckl)

x) p3ane. The phase dfiagram has a saddle pofint in the (k, ×) plane.
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C. AssetPriceBubblesandtheBusinessCycle

      Now let us examine the dynamfic effects of expansionary monetary policy

(--q tc, tf) on the decentralized rnarket economy. Suppose that the economy

is initially on the balanced growth path. Then, the expansionary monetary

poMcy generates a business cycGe with an a$set price bubble. To see this, let

us, examine baekward what happens at time ". .Wh"e zt jumps up at time tl,

costate variable l.i cannot have an anticipated dlscontinuiry.8 Therefore, c and

x must satisfy the following two relations:

 Hi(,)uil(.)&.+Hi/(.)u/(.)g/:g/ :.o (37)

 .g-/ + -k (i +h(x)) .g+/-÷ -k × hi(×) "g-2 =-f(-k) (i÷z)'2 (3s)

Thus, we obtain the following derivatives of consumptaon and inve$tment with

re$pect to the cost of credfit intermediation:

 aT, --7(TFrSITF rv-iSzi?us7i;Irs"1 + )2p.kH(,)(.(.)/B(,))]`O (39)

and

  dxm a(c) f(k) T' nt M ";B:7TT;-7=--(×) (1 +z)2"+kH (x) (a(.)/B(.))]`O (40)

where

 a(c)rr--¥ul7LSi lgi<(cC))>o and B(×)EJiHI7L;Sl;Ii/((xX))>o (4i)

Xn other words, an increase an z at time tl reduce$ both consumption and

lnvestment.

     8        See Kerap and Long (1977).
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     This re$ult in turn implies that an increase in the co$t of credit

intermediation at tirae " reduces the equilibrium as$et price (q/(l+z)) and

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

 d[q/(gz+z)]<o and d[k(giZ)]>o (42)

These results follow directly from the optimality condhions of consumption and

inve$traent decisions in the decentralized economy that we have studied ln the

prevlou$ sectlon.

      When the expansionary monetary policy ends at time ", the cost of

credit intermedlation returns to the natural level thereafter. Thus, the

economy must be on the equilibrium growth path after time tl, and eventua13y

converge$ to the balanced growth path.9 Therefore, the above analysis

irnplle$ that the econoray raust move from a divergent disequ"ibrium path onto

the convergent equilfibrium growth path at time tl.10 This in turn implies

that the economy must move from the initial ba3anced growth path to a

divergent disequilibrium path at time to when the central bank inhially

iraplements the unanticipated expansfionary monetary poMcy.11

      From these analyses, we can draw pha$e diagrams that describes the

dynamic effects of monetary policies.i2 chart 2 $how$ how an expansionary

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

     9 This fonows from the transver$aljty condrdon.

     Ie The interest rate must be infinitely negative at time tl for an lnstant

in order to generate the discontinuous fall$ in consuraption and                                                            investment.
This feature is due to the discontinuity in z at time " and could be eliminated
either by moving to discrete time or by making z continuous                                                         with respect to
ti rn e.

     Il see Kemp and Long (1977) and Abel and Blanchard (1983) for technical
 detai1s.

     i2 The following phase diagrams are drawn a$$uming that q(c) = -
 U"(c)/U'(c) is con$tant. Xn steady state, q*/(1+z*) is equal to H'(6), which is
 one under the assumption of h(6) = O and h'(6) = O, and k* $atisfaes
f'(k*)/(1+z*) = B + 6.
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Chart 2

A Bu$ine$s Cycle with an Asset PricG Bubble
Trfiggered by an Expansionary Monetary Policy
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fir$t triggers a jump in the asset price and investment at the time of initial

monetary easing (to). And thereafter the asset price and investment increa$e

along a divergent di$equGlibrium growth path, accumulating capital unt" the

end of the expansionary monetary policy (tl). This temporary accumulation of

capital help$ smooth out the effects of the increased cost of credit

intermediation on consumption and investment at time ". However, the

smoothing i$ not cornplete because of adjustment costs, and there is a

discontinuous fall in consumption and investment at the time of raonetary

tightening (tE)･

      Using the same arguments, we can show that restrfictive monetary policy

or banking crisis (e, to, tP generates a bu$iness cycle with as$et price

dGflation (Chart 3). An rise in the cost of credit intermediation caused by

either an unanticipated re$trictive monetary poMcy or an unanticipated

banking crisis first triggers a discontinuous drop in the asset price and

lnvestment, which dislocates the economy from the balanced growth path to a

divergent disequ"ibraum path. The economy then moves along this

disequilibrium path during the ant7'cipatedduration of the restrictive monetary

                                                             '
policy or the banking cri$is. When the restrictive monetary polficy er the

banking crisis finally ends, the econoray jumps back to the convergent

equ"ibrium 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 cau$ed financial di$tres$ and led to a banking

crlsfi$, creattng a "boom-and-bust" bu$iness cycle. Let us consider, therefore,

the case in which the end of expansionary raonetary po3icy (-o, to, W causes

 unanticfpated banking crisis (cpk, tl, t2) at time ta.13 First, the dynamic

     13 The basic characteristic$ of the djsequ"fibrium path w"l remain the

 same even if the banking crisis at time tl is anticipated at tAme to. The
                                  w"1 specific                                         different between the two cases.                   taken,        path to                be                                      be                         however,
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Chart 3

A Bu$ine$s
Triggered

Cycle with Asset Price Deflation
by a Re$trictive Monetary Policy
 or a Banking Cri$is
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process is essentially the same as that of Chart 2 up to time tl. But, the

banking crisi$ at time tl increa$es the co$t of credSt intermediatSon by u*

above the natural level, whfich dislocates the econorcy from point C to point

D as shown in Chart 4. Then, the re$t of the dynamic process is analogous

to that of Chart 3. The economy moves a3ong a divergent disequilibrium path

from point D to point F unti3 time t2 at which the banking crisis ends. At

time t2, the.economy jumps up to point G on the equfilibrigm growth path, and

thereafter converges to the balanced growth path represented by poant E.

Thi$ completes the raonetary-and-real business cycle with an asset price

bubb3e and a banking cri$is.14

D. ALinkbetweenDynamicDfisequilibriumandXnfiatrion

      We have aiready pointed out that the asset price measures the

intertemporal cost-of---living for labor in general equilibrium. We have al$o

shown that the asset price signals a deviation of the cost of credit

intermediation from the natural level or a deviation of the econoray from the

equ"ibrium growth path that a$ induced by a monetary policy shock. rn thi$

way, the asset price links a dynamic disequfilibrium state of the real economy

with inf3ation defined as an increase in the intertemporal cost-of-iving for

labor. Xn other words, the bu$iness cycle with a$set prace bubbles that is

artificially caused by an expansionary monetary policy is associated with

inflationin the context of dynamac general equ"ibrium or an unwarranted shift

fin income dlstributaon from labor to capital.

     I4 These business cycjes may be interpreted as a modern representation

of the Wick$ellian cumulative process. It is interesting to note that Myrdal
 (1939) has emphasized the importance of "Tobin's q" in the Wficksellian
 raonetary theory and explicitly related a devfiation of "Tobin's q" from one
 with the start of a Wicksellian cumulative process.
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　　　　　　　　　　Chart　4

　　　A　Monetary－and－Real　Busine＄s　Cycle
with　an　Asset　Price　8ubble　and　a　8anking　Cr「sis
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E. TheRoleofMonetaryPolicy

     What does the above analysfis say about the role of monetary po3icy?

It suggests that if the u4timate goal of monetary policy is to guide the

economy onto a "non-nflationary balanced growth" path, it $hould aim at

keeping the co$t of credit intermediation at the natural level through time.

To achieve thjs goal, however, the central bank need$ an.indicator of the

dynamic state of the macroeconomy that can signal a devfiation 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 distinguash in order to achieve non-

inflationary balanced growth through the as$et-price-based monetary policy.

The first $ituation is simply when the economy is already on the balanced

growth path. The role of raonetary poMcy in this case i$ to prevent fitself

frora becoming a major source of macroeconoraic disturbances. Xn particular,

the central bank should avoid implementing a wrong policy that bring$ 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 a$ off the ba3anced growth

path due to a banking crisi$, which raises the co$t of credit intermedfiation.

The role of monetary policy in this case is to offset the temporary rise in the

cost of credit intermedfiation unt" the banking crisfis is over so that it can

prevent the econoray from going through a business cycle with as$et price

deflation.15 For example, in the case of chart 4, monetary policy can offset

     i5 At the $arae time, it is important for the monetary authorities to

control the banking crisfis for earlier resolution so that its duration and thu$
the rece$sion can be minimized.
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the rise in the cost of credit intermediation (cpk) at time tl so that the

econoray can move from point C to point E along the convergent equilibrium

path, instead of gofing through the recessionary phase (C--->D->F->G->E).

      The third $ituation fis when a productivity shock shift$ the steady-state

of the economy. For example, we can think of a case in which ffinancial

deregu3ation and innovat5ons permanently reduce the cost of credit

intermediation. In thi$ case, the central bank should let the econoray respond

optimally to such a productivity shock without monetary intervention$ (Chart

5). A monetary policy that is aimed at offsetting the productivity shock in

this case would dislocate the econgmy from the convergent equilibrium growth

path and would trigger a new round 'of the busine$s cycle with asset price

deflation.
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Chart 5
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IV. ConcludSng Reraarks

     We have deve3oped a dynamic general equilibriura model that

incorporates a banking sector and insfde moneyinto the decentra7iied Ramsey

economy. Our raodel therefore provides an alternative to the monetary

equXibrium model of $idrau$ki (l967) with raoney in the u"tility func'trion and

                                                             "
tbat of Stockman (1980 with a cash-in--advance.constraint, both of whlch are

ba$ed on a centra7ized Ramsey economy wlth outsfde money. We have shown

that rnonetary 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 econoray. !t suggests that we can analyze the dynamic

effects of monetary and fiscal poiicies as well as productivity shock$ within

the same frarnework presented in Abel and Blanchard (l983) and Blanchard and

Ffi$cher (1989).
                                 '
      Moreover, our mode3 emulates the busines$ cyc4e with asset price

bubbles. Xt show$ how an expansionary monetary policy reduce$ the cost of

credit intermedfiation and thus triggers the business cycle. The expansionary

monetary policy temporarAy dfislocates the economy off the equf7ibrium growth

path onto a divergent dfsequf7fbrfum growth path. Meanwhile the asset price

keep rising accuraulating capital stock and then drop discontlnuou$ly as the

expansionary monetary poiicy comes to an end. The econoray then rnoves back

to the equilibrium growth path and thereafter converges to the balanced

growth path. However, if the end of the expan$ionary raonetary 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 diseqvi7fbrium dynamfcs.

      Let us conclude thfis paper summarizing its main features: Fir$t, it ha$
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shown how monetary policies can affect the real economy through the credit

channel of monetary transmission, and al$o how the dynamic effect$ of

monetary policies can be ana3yzed in a general equilibrium model. Second, fit

has shown how monetary policies and a banking crisis can generate business

cyc3es with a$set prGce inflataon and deflation in a decentralized market

economy with rational economic agents and raarket clearing. Third, it ha$

1]'nked a dynamic disequilibrium state of the real econoray with inflation

defined as an increase in the intertemporal cost of 1fiving 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-

lnflationary balanced growth path and adjusts optimally to productivity

shocks. Fifth, in thfi$ context, it has argued that the asset price can be a

useful findicator for monetary policy because it conveys inforrnation about the

$tate of dynamic disequilibrium and anflation.

26



                             References

Abel, Andrew and Olivaer Blanchard (1983): "An Intertemporal Model of Saving
and Xnvestment," Econometrfca 51: 675-92.

Bernanke, Ben (1983): "Nonraonetary Effects of the Financial Crisi$ in the
Propagation of the Great Depression,'` Amerfcan Economfc Revfew 73 (3): 257-76.

Bernanke, Ben and Alan Blinder (l992): "The Federal Funds Rate and the
Channels of Monetary Transraission," American Econornic Review 83 (4>: 901-21.

Blanchard, Olivier and Stanley Fischer (1989): Lectures on Macroeconomics,
Carabridge: The M!T Press.

Brunner, Karl and Allan Meltzer (1976): "An Aggregative Theory for a Closed
Economy,"in Jerome Stein (ed.), Monetarism, Amsterdam: North-Holland: 69-103.

Clower, Robert (1967): "A Reconsideration of the Microfoundation of Monetary
Theory," Western ffconomic Journa7 6: l-8.

Hayashi, Fumio (1982): "Tobin's Marginal and Average q: A Neoclassfical
!nterpretation," Econometrica 50: 213--24.

Kerap, Murray and Ngo Van Long (1977): "Optima3 Control Problern$ with
Xntegrands Dfiscontinuous with Respect to Time,'f rhe Economic Record 53: 405-
20.

Myrdal, Gunnar (1939): Monetary EquMbrium, New York: Augustus M. Kelley.

Shibuya, Miroshi (1992): "Dynamic Equ"fibrfium Prfice Index: Asset Price and
Inflation," Bank of Japan Monetary and Economfc Studies 10 (1): 95-I09.

Sidrauski, Miguel (1967): "Rational Choice and Patterns of Growth in a
Monetary Economy," American Economic Revfew 57 (Paper$ and Proceedings):
534-44.

Solow, Robert (1987): "Growth Theory and After," Nobel Lecture, December 8,
l987,in Robert Solow, Growth Theory: An gxposinon, exford Univer$ity Pres$.

Stockman, Alan (1981): "Anticipated Inflation and the Capiral Stock in a Cash---
in-Advance Economy," Journa7 of Monetary Economfcs 8: 387-93.

Tlrole, Jean (l982): "On the Possib"iry of Speculation under Rational
Expectations," Econometrfca 50: 1163-81.

Tirole, Jean (1985): "Asset Bubbles and Overlapping Generation$," Econometrica
53: l499--･l528.

Wficksell, Knut (1936): lnterest and Prices; A Study of the Causes Regu7ating
 the Va7ue of Money, New York: Augustus M. Kelley.

27



   Thispmt P Sesispublishedbythelnstituteef
  two oid ones published separately by the Department o£ gconotaics

DiscussioR Paper Series
Institute of Econoraic Research

Otaru University of Comrnerce

No. 'l'itle
1. *-t7x'=g(wop1{Lt:lcpa'S-6twscopecGleov'c

2. Motivation and Causal lnferences in the Budgetary Control

3. Rpo6neMN yffpaBAeH ;t fi pa6oqeB
   ¢MAon Ha RpeE ftpMgTM stx JlafibHepo   BecToKa(co tt KoaorMuecKHe ac ll eKTK)

4. Dyfiamic Tax IRcidence in a Fifiite HorizoR Model

5. BusiRess Cycles with Asset Price Bubbles and tke Role of
    Monetary Po!icy

Discussion Paper Series
Department of Economics
Otaru University of Covaraeree

1. Monetary Policy in a Model of ln£erRatioRal Trade with
    a Sector Stieky Wage Rate

2. Export Credit lnsurance

3. Asset Trading in an Overlapping--Generations Model:EfficieRcy
    of Competitive Equilibrium

4. Asset Trading in an Overlapping-Generations Model with
    Production Shocks

5. Immiserizing Investment in a Vertically Related International

    Trade

6. Dynamle Tax Ineidenee iR a Two-Class Economy

7. A Three Factor Model of InteyRatioRal Trade with Minimum

    Wage Rates

8. A Noee of tke Maximura Number o£ Flrrns suith Equal Market Share
    iB a Quantity SettiRg Supergame

                  '
9. Tax In¢idence in a Two--Sector Growing Economy with Perfect
    Foreslght

 20. Two Klnds of lnformation in Priee Seareh

 11. 0R tke gedging and lnvestment Behavior of the Competitive
    Firm under Price UneertaiBty

Economic

 and the
Research and
DepartmeRt ef

  Author/s .

g'xe'7'y,i'4is'7e-

Yoshihiro Naka

AHaTonM ft
MHxaAnoBMq
M sc YPKMH

Jun-iehi Itaya

ffiroski Shibuya

  Autkor/s

Takashi Fukuskima
& liideki Funatsu

Hideki FuRatsu

Kenji Yamamoto

Kenji Yamamoto

Masao Satake

Jun-ichi Itaya

Hideki Funatsu

Masarli gzawa

Jun-ichi ltaya

Kaoru Endo
& Teruya Nagao

jun--iehi ltaya

integrates
 Commerce.

Date

Jul. I992

Aug.1992

Nov.1992

JaR.1993

jun.1993

Date

Feb.1985

Feb,1985

OcL 1985

Oct.1985

Mar.1986

May 1985

May 1986

Nov.1986

May 1987

Aug.1987

Oct, 1987



「

21

り

31

・

41

曾

51

●

61

7ax　I罰cidence　i籍　a　T胃。－Sect◎r　Gr◎wing　Econ◎康y　w三th　Perfect

Foresigh宅；Lo轟9－1～un　Analysis

Co罰paI辱ative　Statics　for　しhe　Pぎivate　Provis三〇罰　o多　…》ublic　G◎ods

in　a　Con5ec毛ura王　Var至at三〇ns　赫◎del　聡ith　｝翌eter◎ge琵eous　Agen七s

Capi亀al　Acc聴鶏穏玉a乞io罰　Ga機e　of　M級1t三fir願s　胃it舞　£xternal

A（叢jqste飛nt　Costs

Us玉ng　the　C◎rrect　Bcon◎霜1c　I籍teI’pretatiGn　to　Prove

t益e　疑awkins－S三職。轟一丼ika三do　Theoτe鴇：0親e　絃ore　｝Iote

τra飛sversa三i乞y　Condition　in　ln罫i翁ite　Ti構e　H◎rizo轟　Concave

Pr◎bleπls

J羅n一三。舞i　 Itaya

l）ipankar　l）asgu峯）ta

＆　」馨n－ich圭　Itaya

Ju轟一玉。翻i　董taya

茎）玉峯》ankar　DasgU萎）ta

To康。圭chi　S熱inotsuka

8891

1991

1991

1991

1991

●
ra擁

ra赫

faM

1UJ

皇CO

韮）isc轄ssio訟　Paper　Series　　　　　　　　　　　　　　　　　　　　　・

韮）epart鶏ent　o重　Co醗融erce

Otaru　U臓iversity　o量　Co癬田erce

N◎，　　　　　　　　　　　　　　　　　　Title

1．　分権化組織における部門間調整と情報インセンティブ・システムの設計

2．　日本的雇用慣行とその経済合理性

　A疑thor／s

井上正

＆鵜野妊文

井上正

＆鵜野好文

Oate

Apr．1985

醍ay　1989

　1罰sti乞ute　o多　8cono鵬ic　Research，　0もar縫　ミ∫niversi亀y　of　Co羅凱erce

　3－5－21，　蟻idori，　◎taru，　Ho装kaid◎　047，　JapaR　　　Te1．0134－23－11G1

小樽商科大学経済研究所
マ047北海道小樽市緑3丁旨§番21響　Te1．0134－23－110正㈹


