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‘price effect.” . . . -

ABSTRACT

This thesis sets out a rational-expectations model of an econoay
}n wvhich firms are con;trained to finance their advances to labor and.
their purchases of commodity inputs by borrowing from a domestic bank-
ing system, which in turn constitutes the entire financial system of
the economy. The major implicatfon of this “financial constraint” is
that the supply of output comes ta depend positively on the real value
of the monetary base.

In the closed econoay version of the model, a fully anticipated
increase in the trate of growth of the nénetary.base or an anticipated
temporary decregpe.in the level of the monetary base reduces the equili-
griun leve% of oﬁtput aqd‘affects the real vage rate and the real
interest rate. Thus, money is not'superneutral and the Pish;r effect
does not hold. In addition, pf:nanent monetar; shocks uiatakeﬁly viewed
as temporary also have feal effects.

The open economy version of the model distinguishes between trad-
able and nontradable goods. In this coatext, it is shown that the

effect of changes in the exagenous variables on the levels of. output

gan be decomposed into a “"financial constraint effect,” qné a "relative

[y

.
- >

Under flexible exchange rates, the finarcial constraint effect’

always dominates the relative priée'effect. Hence, any monetary’change
that results in a decrease of output in the closed economy case, also
results in a decrease of the levels of output of both godﬁa in the

’

flexible exchange rate case. 1In addition, a permanent monetary decrease

i



.
'nistakenly viewved as temporary éauses the exchange rate to “overshoot”
relative to its full current information level.

Under fixed exchange rates, the output effects of an anticipated
change in government debt, or in the price level of the tradable good or
of a devaluation, depend on the i{importance of the financial constraint
effect as compared to relative prlce effect., If the financial constraint

/
effect is strong enough, an anticipated rise in the level of the govern-

ment debt will increase the output of both commodities while an antici-
pated rise in the price level of the tradablé good or an anticipated
devaluation will reduce them. Finally, neither unanticipated changes
in the price level of the tradable good nor an unanticipated devaluation
“affect the curreat level of output of either ;Bnnodity. Both might lead

R .
"to a contraction of output of both commodities in subsequent periods,

however.

iv
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Agsumptions (1) and (2) together, imply that firms face che follow—
» ing "financial constraint:™ they need to finance their advances by
demanding credit solely froé the banking sector. Thus, the availability
of real credit places a constraint on the level of output. Since the

—_

financial structure of this economy consists of only a banking sector,

the total supply of money in the economy will coincide with the total

supply of credit (to the government and to firms).

3. All transactions are carried out with money in this economy. Just
as firms need to finance their production process with money obtained
from the banking system, households need money in advance to purchase
commodities. Since households cannot engage in.borroving or lending
activities (assumption 1), their consumption demand will be limited by
receipts from their sales of labor services (advances from the fi}ms),
by their previous savings, and by net current transfers {rom_the Goyern—
ment. That is, the transactions role of money is emphasized in this
thesis, and ﬁoﬂey enters the model in the saég way as in the models of

Clower (1967), McKinnon (1973), Kapur (1976a), Mathieson {1979), Lucas

(1980), Stockman (1980, 1981), and Helpman (1981).
The motivation to model an economy with the features described
above comes ‘from the seminal works of McKinnon (1973) and Shaw (1973)
4 and later fornali;ationa and extensions by Galbis (1977, 1979a, 1979b),
) Pry (1978, 1981), Kapur (1976a, 1976b) and hathleaon (1979, 1980); Tye
McKinnon and Shaw hypothesis is that in less developeg countries (LQC;)

financial restrictions imposed by the domestic governments {(what they

- call "f4dnancial repression”) have resulted in a low level of savings,
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g CHAPTER 1

INTRODUCTION
The purpose of this thesis is to specify and analyze a wodel of
price ;nd output fluctuationa for an economy characterized as follows:
1. The econoay has a severely limited capital nark?t. The chief

limitacions are the absence of a market for primary securities together

with an absence of any type of financial intermediation other than

commercial banking.

—

The assuamaption of a limited capital market will be taken to imply

that:

(a) The goverﬁuent will not be able to borrow from the non-
banking sector by selling bonds or bills (open market operations are
ruled out) and hence, the goverw'ent deficit will be financed entirely by
the cegttal bank.

(b) The onky so:r:e of finance for firms is loans from domesfic

commercial banks. Sales of equities or bonds to ddmestic households or

foreigners are ruled out.

_ (¢) lmperfections in the capital market prevent households

from obtaining bank loans. In particular, it will be assumed that infor-
mation costs about the credit worghgnesa of individual househol&u are 8o
high that banks do not engage in making loans to households. Households
will hold only one kind of deposits: ﬁoninterest bearing demand deposits.
2. Firme need to pay in advance for inputs of labor and commodities

(vorking capitsl) that will be used in the production process.

©




Asgumptions (1) and (2) together, imply that firms face tﬁe follow-
» ing "financilal constraint:”™ they need to finance their advances by
demanding credit solely froé the banking sector. Thus, the availability
of real credit places a constraint on the level of output. Since the

financial structure of this economy consists of only a banking sector,

the total supply of money in the economy will coincide with the total

supply of credit (to the government and to firms).

3. All transactions are carried out with money in this economy. Just
as firms need to finance their production process with money obtained
ffém the banking system, households need money in advance io purchase
commodities. Since households cannot engage 1n.borrow1ng or lending
activities (assumption 1), their consumption demand will be limited by
receipts from their sales of labor services (advances from the fi}ms),
by their previous savings, and by net current transfers {rou‘the Goyern-
ment. That i{s, the transactions role of money is emphasized in this
thesis, and Soﬂey enters the model in the sa;g way as in the models of
Clower (1967), McKinnon (1973), Kapur (1976a), Mathieson (1979), Lucas
(1980), Stockman (1980, 1981), and Helpman (1981).
The motivation to model an economy with the features described

above comes ‘from the seminal works of McKinnon (1973) and Shaw (1973)

5 and later fornali;attons and extensions by Galbis (1977, 1979a, 1979b),

] Fry (1978, 1981), Kapur (1976a, 1976b) and hathieaon (1979, 1980); TPe

McKinnon and Shaw hypothesis is that in less developeq countries (LQCs)

financigl restrictions imposed by the domestic governments (what they

- call “"financial repression™) have resulted in a low level of savings,




investment, and growth. Specifically, McKinnon suggests that in LDCs
economic agents are constrained to self finance in an environment where
investments are highly indivisible; hence, investors have to accumulate
money in advance of making investments. This leads to McKinnon's
hypothesis about the complementarity of money and‘capital. The higher
the real return on invest;ent. the higher the incentive to accumulate
money. Moreover, the more attractive the process of accumulating moﬁey,
i.e., the lower the opportunity cost of holding nonef. the greater ihe
incentive to invest. Thus, savings'and investment decisions are not
1ndependent.1n the f;;ancial repressed economy. ‘

This thesis takes from McKinnon the assumption, that firms need to
finance workidg capital in advance, but relaxes the assumption of selg
finance by introducing a banking sector. The papers §? Galvié. Fry,
Mathieson, and Kapur follow this route, but the main contribution of this
thesis 18 to derive a macromodel from the decision rules followed bi
rational agents who maximize utility or profits subject to the constraints
imposed by the assumptions stated above. The thesis adds to previousis
work in the area in two ways: €£first, it derives, father than 1npose'the
aggregate demand and supply functions that forus the relevant macro\‘
model, and second; the model is solved in a general equilibrium-rational
expectations stochastic framework, rather than in the disequilibrium-
adaptive expectations framework that has been used in previous work.

The remainder of the thesis is organized as follows:

Chapter II sets out and sol?éc the model in a closed economy set up.

The macroeconomic model is entirely derived from the maximizing behavior

or rational economic agents (banks, firms, and households). Careful
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attention is paid to the organization of trade and payments th;t is
consistent with the assumptions regarding the finencial structure of the
economy. To analyze the intertemporal maximizing behavior o& ipudéholds,
the existence of overlapping generations at each moment is assuned (as
in Samuelson (1958)). This framework is chosen for putpose&zof simplicity
and because (as is shown in chapter II) it is consistent ;1th the restTic-
tions that are assumed in the capital market. The resulting nacroeconoeic
model 1is then solved for the price and outputlleveis as well as for the
real interest rate and the real wage rate. The effects of temporary aQA
permanent changes in the level of the monetary base, as well as varia-
tions 1n its rate of growth, are analyzed under two alternative assump-
tions regarding the information sets on which agents base their decisions.
It is shown that, as a result of the "financial constraint™ assump-
Fion, and in contrast with models where money enters es a wealth variabdle,
the supply of output depends positively on the real monetary base. In
this context, a fully anticipated increase.in the rate of growth of the
monetary base or a fully anticipated temporary decrease {n the monetary
base causes a reduction in the level of output through the negative
effects of expected inflation on the demand for money. Moreover, under
the assumption that agents cannot distinguish between temporary and
permanent nonetery disturbances, even permanent shocks have real effects.

Chapter III extends the model of Chapter II go allow for interna-

tioral transactions in commodities. While zero capital mobility is
L 4

\ assumed, the economy produces and consumes two kinds of goods: .tradable



e - —————

PSP

- v m——

and nontradable commodities. This chapter derives the optimal decision
rules and the macroeconomic model relevant for an open economy with a
limited capital market of the type alfeady described.’

Chapter IV solves the macroeconomic model set up in Chapter III for
the flexible exchange rate case and Chapter V solves the macroeconoamic
model for the fixed exchange rate csse. In both cases, the‘effecta of
changes in exogenous monetary variables and in the price level of the
tradab%e good are analyzed. In conducting this adalysis, eigﬁfais is

given pS-gthe-role of the "financial constraint"” assumption in obtatning
the nj;b

el'i results. nsgayition, these results are contrasted with
those btaiued frqg=alt5$pdiive modeds that do not inpoée restrictions on
‘\-.

[ .
the taplta} -grket.
e

-

Inﬁﬁhrticular. in the flexiﬁ}e exchange rate case, it is shown that

‘the monetary changes that result in a decrease of Butput in the closed

economy also result in decreases. of the output levels of both commodities

3

~ in the open economy. This result holds in spite of the fact that such
‘ﬁonetary variations in the obéh econoay might also éiuse a telﬂ?“z price

. effect favoring an increase in thefoupply of one commodity and a decrease

L]

in the supply of the other. That is, the financial constraint dominates

the relative price effect. .

/"\
Also, flexible exchange ratﬁa insulate the domestic economy from

variations in the world price levilaof the tradable good. This resu{/{f\\

holds because the exchange rate and the price lhevel ‘of the tradable géod;

alvays enter together in the supply and demand funétion- of the model }hd’/~

in the alternative informatioh sets assumed to solve the model. 1t is



emphasized that the "insulation"” effect doés not depend on the degree of

capital mobility or on assumptions regarding purchasing power parity. In

fact, the maintenance of purchasing power parity following a monetary or
. ot » )

a real shock is shown to dépend on the relative elasticities of demand

for both commodities.

‘In the fixed exchange rate case, the model is compared with the

Dornbusch (1973) tradables-nontradables model. It is shown that the

financial constraint assumptfdn is the key element .in yielding results

“different from those of the Dornbusch model. Specifically, while in the
» .

A [ 4

Darnbusch model, changes in the exogenous coaponent of the money supply
or tn.the price level of the tradable good resuvits in a short-run expan-

sion: of the supply of one commodity &nd a reduction in the supply of the

other, in the model developed in this thesig, the output's response

.'crrﬁically'depénds on the ibpottance of the financial constraint effect

yelative to the relative price effect.

+Figally, Chapter VI provides a brief summary of the results obtained

P

-»J-i?‘thfs thesis. °
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CHAPTER II
A CLOSED ECONOMY MODEL WITH LIMITED CAPITAL MARKETS

" 1. Introduction

.

This chapter concentrates on a closed ecoﬁony case in order to
examine the effects on the ‘behavior of pric;s and output of the assump-
tion that the economy faces a ugverely limited capital nar@et in the
sense describéd in Chapter I. The assu-ption that firms wust finance
their advances to workers or their purchasea“of co-no&ity iaputs by
using the banking sector as the only source of finance will be termed the
"financial constraint.” Thi§ constraint will give rise to an aggregate'
supply of output function that depends positively on the real awount of
money of the economy. This feature contrasts with most other models in

which real money is included as an argument in the short-run aggregate

’ .

supply of output, because real money is usually assymed to aff;ct the
level of teal output negatively. For instance, Barro (1976) iatroduces
real money as a wealth variable that impingea .positively on desired )

leisure and hence negatively on the supply of labor and on the supply of

- .

gutpué. In the model of this theg‘p. the demand for credit by firms is

conﬁletely motivated by the firm's need to finance their purchases of

1npu£; of p;oauction; hence, the availability of real credit will cqnq:i-
tute s constraint on the firums' éroduction 1eve1.. Since the financla; 3
str:Etbrg of‘thi; ecbno-y cousists only of a bankini system, Che totél 4

supply of money in the economy (the nﬁhotary base held by the public
plus de‘fpd deposits) equals the total supply of credit (to the govern-
ment and'tq firmg). This equality is the origin of the positive depen— -

dence of output oh resl money.

.




It follows, of course, that if a rise in fnflation induces a decrease
in the real quantity of money (and credit), output and inflation will be

negatively correlated. For related reasons, models in which the relevant

~

constraint in the acquisitton of factors of production is'a strict cash-
: - e

in-advance congtraint (instead of the credit-in—-advance constraint used
.Lq~thié chapter), have also found this negative correlation between

Ad .
output and inflation but as a steady-state regsult. Stockman (198l1), for

example, constructs a model in which the rate of inflation in a closed

economy is inversely related to the steady-state capital stock. However,.

' he_oﬂggzﬁed/this result at the expense of accepting a comstant anq unig;ry
income: velocity of circuiation of money. As it will be shown below, the
model of this chapte& will deri;; a velocity of money function that, like
the level of outht, is sengitive to variatiens in the inflation rate.

Thié chapter is organized as foflowsi Section 2 describes the
~- : basic characteristica of the ecénén&. the organization of markets, and

. the timing of transactions. Section 3 derives the optimal decision,

rules (denan@ and nupbly equatfons) implied by the maximizing behavior

o

of economic agents.
: ~
Section 4 obtains the solutlon for the price and output levels,*for

Fhe noainal (and real) interest rate, and for the real wage rate, and dis-
cusses the implications f;t the econowy of changes in the monetary base,
and the economy's iesponse;to real shocks. The analysis is conducted in

4 rational exp;ctations framework and assumes two alternative sets of

information. In addition, changes in both the level and the rate of

growth of the monetary base are analyzed separately and changes in the

- . -
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level of the monetary base are decomposed into temporary and permanent
c;nponents. Section 5 extends the model to include inveatmeat and com-
pares its implications with the model of the previous sections. Finally,
Section 6 presents a brief summary of the results.

2. The model: Essentials

‘ Consider an economy where all transactions are carried out with

‘money. These transactions involve three markets: those for output,

’

labor, and credit. The economy is inhabited by four kind of agents:

‘firms, households, banks, and government.

Current output consists of a single good produced by firms with a
common téchnology-and purchaged by householdé. In Sectio;; 2 to 4, 1t
will be assumed that output is produced using one variable factor of
production, labor services providerby households. This assuaption will )
¢ be relaxed in Section 5, where {n addition to labor, the production of

. *output will be assumed to’require a commodity input'purchased by the firm
at the end of the previous period. All other inputs are fixed in quantity,
. have no alternative use, and ze}o user cost.
* The credit market involves the banking sector as the only supplief
of credit and firms as the pnly agents demanding it. Firms demand credit
". fron‘th'e commercial banks to finance their wage bill (and their purchases
° of investment goods in Section 5) .and these bank loans constigute the

only source of finance for firms. Specifically, firms are not allowed to

finance production from undistributed profit since all profits are dis-

tributed to households, nor are they allowed to finance production through

the sale of equities or bonds to households.




. In addition, it will be assumed that information costs about the

credit worthinéss of i{individual households are so high that banks do not
make loans to households. That is, fmperfections in the capital market
prevent héuseholds from obtaining banking locans. Households hold only

noninterest bearing demand deposits.

Hone} is the only means of payment, the unit of account, and the
on;;}ftragrble) store of value'for households. As will be shown below,
these assumptions about household behavior and the organization of trade
and payments, prevent equities being a tradable stock. The transactions

, ’ " - role of money is emphasized in this model. Households' purchases of
g;;ds or firms' purchases of inputs must necessarily be paid for by money
. obtained in advance of the purchases. *
Firms maximize.profitb. They supply output and demand labor and
credit in a competitive environmené, such that every one takes as given
fhe outpu¥ price, the wage rate, and the interest rate. As stated above,
L | fn order to buy labor, firms are forced :o borrow from the banking system
e ‘to pay labor 1nzad;ance.: Profits are completely distributed to house-
holds who are the owners of the firms.
Households maximize expected utility over their lifetime. Each unit
acts. ag. a price taker with respect to the price level and the wage rate.
— We assume the existence of overlapping generations at each moment, as in
_Sanue%ron (1958). Each generation lives for two periods. When young,
‘ households supply labor and demand commodities and money. Money is held
to buy co;nodities at the end of this first pericd or to bé carried over

-

,into the second period as a store of value with which to pay for
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consumption during retirement. When old, households receive profits from
the firms and commercial banks (they own both kind of businesses) and
consume ghese and their previous savings. They hold money during the
second period, but not at the Eﬂi of {it.

It is assumed that, in the initial period of the life of this economy,
an old generation owned all relevant property rights. Since every indi-
vidual is assumed to maximize utility oven only his own lifetime, it
:Buld have been on the best interest of the old generation to sell these
property rights at the beginning of this period, because they were to die
at the end of it, However, in this economy, there is no demand for
property rights at the beginning of any period. Other old people obvipusly
do not want to buy them, and young people are not able to buy them. They
begin thefr l1ife with n5‘money and are unable to borrow. Thus, there is
no market for proberty rights snd.the only alternative left to the old
generation is to pass them over to the next generation before dying.

Hence, inheritances of property rights are consigtent with the existence

of overlapping generations and the timing of transactions assumed in this
model. Inheritances of money, however, are ruled out; and, hence, it is
in the best 1nterea£ of the old generation to spend all their money
balances during the period.

It is @ssumed for the sake of simplicity that households' desired
currency-deposit ratio is equal to zero. That is, households hold .all
thelir money in the form of demand deposits, the only kind of deposits
offered by the banking system. The ola generation pays lump-sum taxes

and receives lump-sum transfers from the government,

AN
A} N .
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The banking system completely charécterizes the financial sector of
the economy. Tt 1s made up of a central bank and commercial banks. The
central bank has two functions: to finance the government's net transfers
through the issue of monetary base (high powered money) and to impose a
reserve ratio on the commercial banks. The reserve ratio is the only
"purely monetary” tool to contrgl the money supply directly available to
the monetary authorities. The central bank does not lend to the private
sector either directly or indirectly through advances to the commercial
banks.

Commercial banks hold reserves, supply credit to firms, and as we
have said issue on%y one kind of deposit: demand deposits that do not
pay .interest. It is assumed that banks incur nollabor costs i"pro;iding
the services of intermediation. The limit to the nominal size of the
banking system is given by the reserve ratio. Since the banks' holdings
of required reserves do not yield interest payments, the net income
generated by the banking process is equal to the interest payments on

loans. These payments are distributed to the owners of the banks (house-

holds) as soon as they are realized. Also, it is assumed that bank loans
have a maturity length of one peériod. That is, they have to be paid back

(pr{ncipal plus interest payments) after one period has elapsed. Finally

- note that, since households do not hold currency, all of the monetary

base issued by the central bank is held as reserves by the commercial
banks. ,, K

The government collects taxes and provides transferg\to households,
and finances all 1ts debt with base money issued by the central bank.

Interest bearing government bonds are assumed not to exist in this model,
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When analyzing the behavior of private economic units: firms,
banks, and households, the "representative unit” of each kind will be
considered; that is, a unit that conforms to the behavior of the average
of all identfcal atomistic units. Thisassumption allows aggregation
problems to be evaded and eliminates ;;E need explicitly to deal with the
transition from microeconomic behavior to macrpeconomic functions. 1/

In our economy, time is divided igto discrete untform intervals.

A sequential trading arrangement 2/ in which labor and credit markets
open and clear at the beginning of the period and the commodity market

at the end, is assumed. 3/ The sequencing of market activity coincides
with the sequencing of decisions made W economic agents. At the begin-A
ning of the period, firms dé%ide on their demand for labor and credit, \‘
and households decide on their supply of labor. At the end of the period,

f
household decide on their demand for consumption goods and money. ﬁ/

To g:in insight into the nature of the model, let us follow the
activities of the economy during any given pepiod t. To ease éhe exposi-
tion, the notation of the model is sumnariz;d in Append1§\ll.1, to Yhich
the reader will find it helpful to refer from time to time.

At the beginning of period t, firms distribute profits realized at
the end of period t-1 to households, pay back past loans to the commer-
cial banks, demand labor from households (the young generation), and
demand loans from the banking system. Households (the old generation)

—
receive profits from firms and from the banking system equal to interest

payments on past period loans. Finally, the old generation receive a

lump-sum transfer from the government and pay lump-sum taxes, and ani

13
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increase in the monetary bade arising from these activities is also

assumed to occur at the beginning of the period. It will be equal to net

goverumental transfers (Tr.). That is:
(2.1) 6C, =H =R, ¥
and:
&Ce = GCp = GCpoy = Tre

where: H, = monetary base

Ry = level of banks' reserves

GCp = government's outstanding debt.

-

Given the level of banks' reserves, the supply of credit by the
commerci;l banks is also determined at the beginning of the period. Once
the credit ma*ket and the labor market have cleared, production begiés
and no further transactions oécar until the end of the period when gpe ,///
commodity market opens. Theﬁ, the young generation decide; on its current
and future consumption plan, and thus, fts demand for money (given that
money 1is the only store of value). Both generations aemand commodities
and the equilibrium price of output is therefore determined.

The young generation carrv over “money from the end 'of the period to —
the beginning of thq_next period in the form of savings. Pir;s also
carry over money in an amount equal to the value of the total oufput ' )

o .

(PeYe ). -~ This will be used at the'beginning of the next period to pay

back banking loans and distribute profits. 6/ The old generation dies

- -~ -




between periods and it is assumed that it has depleted its wmoney balanées
on consumption before dying. At the start of t+l, a new generation is
bornt and the whole process just described begins again.

Notice that this particular sequence of events highlights the impor-
tance of money as a medium of exchange because only mone& serves as a
means of effective demand. Household first agcumulate money'(received
from firms, banks, and the government;) and then purchase consumption
goods. Firms also need money to payq;;SE?_gérvices in advance.

Table 2.1 sets out the sequence of household, firm, and commercial
bank decisions described above. The balance sheet of the commercial
banks summarizes the activities of the economy at the beginning and end
of the period. Notice that firms do not -hold wmoney during the period.
They only hold money at the end of every period and then coampletely
deplete their holdings at tﬁe beginning of the next period. On the other
hand, the young generation holds money both duriné the period and between
periods, while the old generation depletes 1ts:hold1ngs at the end of
ev;?;_;!fiod. Figure 1 shows the ;1me profile of holdings of money by

firms and households in this.egonomy.

3. The maximiZing behavior of the representative

_banklgg;rn, and households } ) T

'.Akedts,are rational, and naximizlng behavior {mplies that they use

-

all the availab%f information relevant for their decisions. However,

they do not have perfebt fotedighi and, hence, have incomplete information

I3

"about the felevant'vqriableé. Sﬁeclfically;'neithet the representative

-

household nor the represenzati&e firm observe the current period price of

output when labor market decisions are carried out. Also, future pesiods'

15
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prices are not known when the household sets its current period demands
for commodities and money. Hence, the household is forced to form expec-
tations about these variables,
3.1 The bank
I e———— -~
The objective of the bank is to maximize profits. As we have
already said, the bank does not make loans to households; moreover,
demand deposits are noninterest bearing but bank loans to firms are

interest bearing. These assumptions imply that the representative bank's

maximization problem is:

b
Max * 1t . s _
(2.2 {ct | atE(Pe+1)  acE(Pre1) Ce

0

where: b't = nominal profits realized by the bank at the “ginning
of period t.

.atE(Pt+1) = beginning of period expectations of the period t+l price
level. 1In general, the subscript "at” refers to "begin-
ning of period t~

C: = pouinal amount of credit (loans) supplied by the repre-

’ sentative bank

iy = nominal interest rate

The bank naxlu;zeo "expected real profits™ because it belongs to
! households who will -only receive the bank's profits at the beginning of

the subsequent period. The commercial bank faces the following set of

constraints: -

.
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(2.3) Rg > K D,

e

(2.4) R, + cg =D

(2.5) Ry I RR + RE,

(2.6) Rt - Ht

where: Ry = reserves iﬁ the vault of the commercial banks
i . Dy = level of demand deposits

‘ K = reserve requirement ratio

RRy = required reserves

-’

RE; = excess reserves

Equation (2.3) is the reserve requirement constraint imposed by the
central bank. Equation (2.4) is the bank's balance sheet constraint,
which requires that the total assets of the bank equal its total liabili-
ties. Identity (2.5) defines the composition of the level of reserves
and equation (2,.6) follows from the assumption that the nonbanking sector

i holds its money only in the form of demand deposits.

The maximization procedure will result in the following Kuhn-Tucker

i conditions:
p .
* (2.7). —rit KX <0
T acE(Peap)

(2,8) Rt(l-K) - KC: >0

i

. 2.9) [—~m——

- KA} cg -0

e — . G




(2.10) [R.(1-K) - KCZIA = 0
Given zero costs, profit maximization implies a -positive supply of

credit; hence, according to equation (2.9), x (the Kuhn-Tucker multiplier)

- is equal to:
ie

K atE(Pg+1)

As A¥0 (because 1.#¥0), equation (2.10) can be used to obtain the

commercial bank's decision rule to supply credit:

) 1=K
(2.11) C: -5 R,

or using equation (2.6)'

(2.12) C% = 1K o

Equation (2.12) gives the commercial bank's supply . of credit. It implies
that the bank f;nds it optimal to suppfy as much credit as possible. The
bound is, of course, given by the reserve réquirenent ratio and hence‘;he
optimal decision rule for the bank is to hold zero excess reserves. Th;s
resulg follows obviously from the assuaptién tﬁat the bank pays no

interest on demand deposits, but it will also and equally bhviously hold

as long as the interest payments on deposits is lower than the interest

charged on credit. -~

18




19

3.2 The firm

The objective of the firm is to maximize ;rofits. In this section,
commodities are assumed to be nonstorable. Hence, the .firm does no; hald
inventories and profit maximization is a one period problem.

Profits (f!t) equal the total revenue made by the firm minus total
cost. The firm hires labor services as the only input that must be pur-

chaséd and borrows bank credit to finance the purchase. Thus, profit is

equal to:

f s _ d _
(2.13) Fx =P, YP -W, LS -4

Ct

t

where: P, price level of output
: ¥8 & gutput supplied by the firm

nominal wage rate

"t -
Lg = the firm's demand for labor
Cg = firm's demand for nominal bank loans.

Due to the assumption that the firm's profits realized at the end of
P .
period t are distributed to households at the beginning of period t+l,

the firm's optimal behavior consists in maximizing the expected value (E)

of real profits (deflated by the price level that will prevail in pefiod

t+l). Hencé, its problem becomes:

fx P W 1
(2.14) Max E [=——] = Max _.E { yo - 4ot
4 at pt+l 4 at Pt+1 t PC"’I. |4 Pt+l t
L
t t
+  *In addition to the information set (which will be specified below),

the maximization procedure is limited by two constraints:




(2.15) Y8 - rLd) o where F'(L) > 0; F~(L) < O
aand

-
(2.16) @ = w1l

Equation (2.15) is a stochastic production function where F exhibits

-

positive and diminishing marginal product of labor. The production

. process is subject'\to a !:‘andon term ¢, me; sequence {k} is assumed
‘ to be a strictily positive stationary stochastic p;ocegé. Th;:diatribution
) of ¢ will be specified in Section 4. ,

Equation (2.16) is the financial csnstraint on the firm. Given that
the only reason for a firm to demand loans 1is to finance labor, this
constraint has to be satisfied as an equality every period.

The information set that the firm uses to form its expectaciong
(Syt) consists of the information on variables up to period t-;. plus .
the current wage rate, the interest rate, and the productivity term.

(The information set at the beginning of the period also‘includes the
random term ue which affects the household's utilicy functio;. and will

be considered below). 7/ Thus:

(2.17) Gge = B-1s e, Lo

' By substituting equations (2.15) and (2.16) into equation (2.14),

equation (2.14) can be rewritten as:

Ht (1 + 1:)
(2.14'') Max: [ 1+“:)] [P(L) Qt](- m

d
I.t . .
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vhere? 1 + w¢ = (Pr4y3/Pg)

The maximization procedure leads to the demands for labor and

credit.

We 1
atEPe ¢¢

(218) L3 = o (1 + 1)

where: o is a linear function relating labor to ‘its marginal productivity,

and p' <O
L4
W
a . t 1
(2.19) Cf = (W) o [(1 + 1)) &b, —%

. d
where: GCt/éit f 0

dy < 2 ¢ (¥e) We
6Ct/'dt NRY as N

o' EP_ ¢

at 't t

Notice that the demands for botﬁ labor and credit &epend on the '

"effective real cost of labor:" (1*1t)"t
atEPe

Equations (2.18) and (2.19) should only be taken as apﬁroximations
because:

atE [Pr+1/Pe] #  [g¢EPp4+1/acEPe])

3.3 Households
The objeétive of households is to maximize expected utility. Iﬁe

representative tndividual of the old gener;tion obtains utility from

© consumption, but attaches no utility to holding money. Thus, he will

supply his total money holdings in exchange for commodities at the end of

the period. 8/ The budget constraint }or the repreoentatléé agent of the

~

. old generation is:
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(2.20) »,°vd - °p

where:
°Y€ = demand for output by the reptesentativé agent of the old
generation.
th-l = demand deposits carried from period t-1 = savingd of the
representative member of the young generation during period t-1

d
Onf_p)

_f
Te = Rl iy Gy

Thit is, the representative old individual starts the peripd with
th-l and at the beginning of the period receives net transfers (Tr,)
from the government and profits from the firm (f't-l) and the baAk )
(1g-1 Ce=1)- 8/

In contrast, the representative young 1ndiv13§al faces a meaningful
decision pgobleu: he has to choose his supply of labor at the beginning
of the period and his demand for commodities (current and future) at t?e
end ;f the per%od. Because money serves as a store of value, the utility
maximization problem faced by the young individual is an intertemporal
one. To analyze his decision problem, let us use the subscript 1 to
indicate the first period of his life and 2 to indicate the second-an&
.last periéd.

Consumption commodities and leisure are assumed to yield positive

utilicy. Thuq, utility depends inversely on time devoted to work. The

utilicty function is assumed to be time separable and the young agent

- “-y#;
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attempts to maximize utility over his planning horizon. That is, he

tries to maximize the expected value of his lifetime utility function:
(2.21) Hax E {u(¥d, 18) + 8 v(YD) 0<8<1

where: Yg and Li refer to his demand for consumption goods and supply
of labor respectively for the first period, and Yg refers to
his consumption demand for the second period.
The utility for period 1 is given by U and that for period 2 is
V. B is the discount factor. ‘
Before further discussing the propertlés of this ptility function,
the two budget consirainta that the young individual faces need to be
gpecified. In the first period, he works, consumes, and saves money.

Thus:
(2.22) PIYg + YD? - "1 Lg

“In hts second period, he is old so his stochastic budget constraint

is:

d _ op h -
(2023) 9222 - Dl + Trz + '2

vhere °D, (*tock of money held by the old individual from period 1) is

equal to the individual's demand for money in period 1 = YDd,

, Equations (2.22) :and (2.23),lead to the lifetime budget constraint:

h, .
(2.26) v§ -¥1P1 18 +Tr2 + "2 P vd
‘ P) P2 P2 P2 P

23
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The préblep for the young agent is to maximize equation (2.21)

4
subject to two constraints: the money exhaustion condition of equation

(2.24) and the condition that his demand for money belnon—negatiye. " This

»
last condition is represented by the following inequality constraint:

« .
s _
(2.25) WL} P,Y§ >0
Given that the young agent starts life with no money, equation (2.25)
implies that his saving cannot be negative (see footnote 5).

The agent's utility function is assuméd to be:

2.26) fav§ <3 (2w - - 2 ah? + s vg

.where q and } Are positive constants and uj is a random term affecting
the-util}ty derived from current consumption. That is, an increase in )
repréaents a chang® in perferences that assigns a higher weight to current
consumption rglative to both current leisure and future consumption. As
in the case of the shock affecting the production function, the sequénce
{ut} assumed to be a stationary stochastic process, which will be

specified in Sec;1on 4, |

This quadratic utility functioﬁ 10/ 18 additively separable in con-

sumption and laﬁor, shows diminishing marginal utility Pf current consump-

tion, negative and diminishing marginal utility of labor and positive and

constant marginal utility of future consumption (assumed equal to one in

this case). 11/ 12/

The young a¥ent maximizes the expected value of equation (2.26)

subject to the budget constraint (2.24) and to the inequality constraint

(2.25). He faces a two-stage maximization problem: at the beginning,of




v

the period, he chooses his labor supply, takisg into account the available
and relevant information at his disposal at that moment. At the end of
the period, the representative agent decides on his demand for commodities
and money, taking into account the information available at &hat time.

To illustrate the agent's maximization procedure, let us start at the end
of the period, when he already knows his labor supply. Substituting

equation (2.24) into equation (2.26) the agent problem becomes:

d _ 1 (ydy2 - s _ 1 18y2
(2.27) Max p1E{GY] - 5 (P4 -3 1§ -5 P
. [Yd Al
) o h
Wp P g, Tr2 7 Pl 4
W1 s
+ A (P—l-Ll—Y‘i‘)

e

subject to: Yg 20, A o0
where X'_is the Kuhn-Tucker multiplier associated with the constraint
(2.25).

The information set available to the agent at the end of period 1

is:

where, 2,7, the information set at the beginning of perfod 1 is: 13/

(2.29) 931 - %0 wl: 11' Q1’ UI'

The maximization procedure leads to the following firat order

i

requirements (the Kuhn-Tucker conditions): 14/

25
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Pl '
- y9¢ - —) -
(2.30) (q =¥y -8 B () - N <0

pl N

- yd - 2y - -
(2.3 Y] l@ =YD b - ByE () - AT =0
W1
(2.32) 31§ -v{ >0
3) 2 RS -vd} o
(2.33) {P_l 1~ 1} =

To allow consumption to be positive every period, the following ad-

hoc condition is imposed:

8
- P
q ™ blE( 1/?2) >0

Then, equation (2.30) holds as an equality to satisfy (2.31). Hence:

(2.30) (q -9 w8 Ly 4
. LR Ele | b1® P,
I 4
Equation (2.30') states that the marginal utilit} of current consump-
tion 18 equal to its marginal cost, which in turn 18 the marginal

(indirect) utility obtained by the young agent from holding an additional

unit of real money. 15/

There are two possibilities: A'=0o0r A >0. If A =0, the

agent's demand for money will be positive and the decision rule for con-

-

sumption demand will be:

P]
(2.36) Yd »wq - &
1] u1 p1EP2 : ,

N
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At the end of period 1, P; is ‘bserved and the agent has only to
form expectations on P3. Equation (2.34) should be taken as an approxi-
mation lg/ and states that the demand for current commodities depends
positively on expected inflation, 17/ implying that current consumption
is a gross substitute for future consumption. The decision rule (2.34)
also depends positively on the random term affecting utility.

If, on the other hand, A > 0, the consumer's demand for commodi-

ties would be: -~

(2.35) ¥§ = ;i— L$

In this case, all the money balances would be spent on commodities
and the agent would deﬁand no money at the end of the period. In this
situation, the ratio of period 1 marginal utility of consumptioa to the
discounted value of period 2 marginal utility is greater than the ratio
of actual to expected future price levels, implying that the individual's
desire to consume more of the current good faces a real money balance;
constraint.

An intuitive explanation of our results follow: the specification
of the utility function (2.26) eliminates the income effect from the
demand of current commodiries. In such circumstances, the ratio of actual
to expected future prices will determine the consumer's allocation of
1nco;e between consumption and aavings.' However, ;upsgse that the
expected price level for period 2 relative to the price level in period 1

is high enough that the individual wishee to congume more than his level

of income; this is not possible due to the inequality constraint (2.25);




thus, in such a case, his income will be fully spent and the consumer
will not save. Notice that at the aggregate level the actual price level
. ) &

will adjust so that equilibrium in the commodity market (the agents'
’ .
consumption demand is satisfied) will prevail.

For our purposes, we will assume that at every moment, Dg > 0,
implying that A' = 0 and that equation (2.34) is the relevant deciston’ -~
l'ule . r

Now, let us consider the young agent's maximigation problem at the

beginning of the period. At that time, the individual's demand for the

a

commodity is a stochastic variable. Let us define:

~ g P
2.36) Y4 = q - —
¢ ) YiTa H] b1EP2

The agent's problem will now be:

~r

ot
od _ 1 vdy2 - s -1 1842 .
(2.37) Max [q-ala Y{ > (g1E YD) i 3Ly 5 (L)
8
fLi s
W1 P Tr2 h‘lz P ~

. - == 18 —_— - - — 4

. ) + BalE [P]_ Py L + Py + Py Py Yl]

5 .

> Notice that the fnequality constraint does not apply at the beginning

of the period, Because the demands for consumption and money are made
effective at the end of the period. The maximization procedure leads to

the labor supply decision rule: t

>

W1 alEP)
2.38 LS = — 8l
¢ ) L1 7 B TERy aiEP;
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Both P; and szare stochastic variables at the beginning of period 1.
- This equation (which is also an approximation) states that the labor

8up§1y depends positively ox the expected real wage 18/ and negatively-on
expected inflation., This last feature implies that current leisure is a
gross substitute for future consumption.

Before turning to the derivation of the demand for money: it is
important to point out that the quadratic utility function assumed in
equation (2.26) was chosen only for convenience. Another Ptility function

that will give rise to similar consumption and labor supply decision rules

T

~,
[

is the following: 19/

T
@37 U = (1n Y + 30 (T - 1) + 8 Yy

where: 1n refers to natural logarithms and (L - L]) is the level of

leisure available to households after they have su plied labor. In fact,

when dealing with the open economy case in Chapter III, equation (2.39)

N

will prove to be a siéplier and more convenient formulation.
> Turning now to the demand for money, it can be obtained from equa-

tion (2.22) (the budget constraint in period 1). At the end of period 1,

the labor supply decision has already been made, 8o substituting equﬂ

tion (2.34) iato equation (2.22):

Thus, the household demand for the real stock of money depends

positively on resal vugelinco-e‘and negatively on the expected inflation

rate. ’ ' . .

4
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To get the total econoay wide.demand for consumption at the end of

period t (the demands of the representative agents of both generations), /

_ .
. equ$tion (2.20) and (2.34) have to be added up. Thus: - -~

‘1

' [} h e

Pt Dt-l Tl’t ‘lt
(2.41) 2, = q - — + +
: t ¥ beEPesl Pe Py Pe

"here-
<+

The iggregate consumptiom ffunction (Z¢), which in this model is also
equal to the aggregate demand ﬂunction. depends positively on expected

inflation, on the stock of money held by the old generation at the begin-

(%3 'qulA

ning of the period, on a randum term affecting utility, and on the real

personal disposable income ( t) received by the old generation:

'é . Notice that another interpretation of Z; is that it depends on the
stock of money (with a unit coefficlient) accumulated by the old genera-
tion and held by the firms at the end of the previous pfr'iod. This is so
because in this model all transactins involve the use of money.

4, Price and output equj@brium in the macro model

»
4.1 The aggregate supply function

The model presented in Section 3 plus the equilibrium conditions that
both the labor and credit market clear at the beginning of the period

(L‘g - Lg and Cctl GI:), will now be used to derive the econoamy's

L]
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aggregate supplf function.. In order to ;chieve‘thls, the model will be
cast in iog-linear terns: Lower case lettgrs wtl!l be used to fep}eséht
the log of the variabli.(vith the exception of i, which will stand for
‘the observed ndatural value of the interest rate). 20/ Based on equations

(é.lS%. (2.38), (2.19), and (2.12) the following log-linear relationships
A .

are gostulattd:
(2.42) rf q (v, = 4,08+
(2.43) N = 0tPE) = %laePrer ~ acPe)
(2.44) ‘ * 8 (Pt ~ i ‘““t)‘*'> (1= §w,

(2.45) (k + h)

*
where: k = log(l - K)/K; ay, &, K, 8, W, M >0
and the expectation operac;r £ has been replaced by the superscript "e".
Notice that the theoretical mwodel presented in Section 3 would imply

the following restrictions om the parameters:

q =.8 a

nEw

These restrictions could be tested enpiri::jly. Also, note that equa-

tions (2.42) through (2.45) are log-linear~approximations; because, for

any veriable x: log(Ex) $E (log x).
The stochastic process governing the productiwvity shock & should
now be specified. It is assumed that & is a serially independent

distributed log nornalsrandon disturbance, such that:

u, = log 4 ~N(O, @)
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Also, ug i{s independent of other disturbances in the wmodel.

Equattons (2.42) through (2.45) and the wmarket equilibrium condi-
tions can now be used to solve for the equilibrium level of employment,
the nominal wage rate, and the nominal interest rate as functions of the
monetary base, expectations about prices and the rgndom term affecting

. productiviiy.

To:gain igsight into the workings of the model, most of the steps
involved in 1tsAsolution will be presented, in addition to a detailed
discussion of the results. “

Equa;ioés (2;66) and (2.45) and the equilibrium condition:

N T .
i \\\\Qg = c: produce: ., . )

Bk 1 1-8) .
(2.46) 1 '——'—ht+atp€+ut+( el)mt

« TR T

Equations (2.42) and (2.43) and the equilibrium condition:

14

= 8 .
t lt produce:

@ @
e _
* atPt q+n 1y + m¥y Ut

- Yo
‘ (2.47) Ve T aq+yvy

n e
+ o+ CacPe+1 ~ atp:)
1Y

“‘rhe impact (or first round) effect of a change 1in “p‘é. on the wage rate
and on ghe interest .rate can now be analyzed. 1In fact, when até:
increases, both the nominal wage rate.nnﬁ the interest rate ri;e in the
same proportion. The explanation of this result is straightforwa;d. In

equation (2.46), the wage rate ie'tteated a8 exogenouys. Since the demand

A




P Ry

33

for credit depen%o‘6::tﬁé\'effective real cost of labor™ (w, + i, - acpg).

and the supply of credit ;; exogenous, an increase in the current expected
\

price level produces a proportionate increase in i, in order to clear the

credit market. Correspondifigly, in equation (2.47), the interest rate is

treated as exoéenous. Since the demand for labor depends on

(w, + i, = ,,.Pf) and the supply of labor depends on (w, - _.pf), an

increase in the expected pricé level produces a proportionate increase in

we in order to clear the labor market.

Substituting equation (2.47) into equation (2.46), the solution for

the interest rate can be obtaiped:

- v = R - e ' e _ e
(2.48) 1, = = m (hy = 4¢P) + V2 (eRra) ~ acPr) * U

wvhere: .

-

N15+0 b-o+obl+Bb-B B
o+ v 1

k

V. M+
Mg+ e

L Y
' 1-8) »n
K2 )

Several results follow from equation (2.48).

First, the nominal interest rate depends negatively on the expected
/

real monetary base. To understand this result, equation (2.46) may be

rewritten as:

N .
(2.46') k +h, = 8 + B (“pg -1, ~w, tu) tw,

-

-




Consider a proportionate increase in both atpg and h,. As stated

above, when the expected current price level increases, the impact effect
on the labor market is to increase the nominal wage proportionally,
isplying that the real wage does not change and the demand for labor

\
remains constgnt. Since cg =-w, + 12, the effect of a rigse in atpi on the

\

demand for credit is to increase it proportionally. 1In add’iion, since
the monetary base is exogenous, increase in its level will result,

obviously enough, in the supply of credit to increase proportionally.

Thus, since an increase in both the monetary base and the expected

current price level increase both_ the @enand and supply of credit in the
same proportion, the interest t;te will remain unchanged. It follows
. then that for the interest rate to change, the real monetary base has to
change.
Second, the expected 1nflatigp rate affects th? nominal }nterest
rate with a coefficient different from one, or(to put the same point in

another way, the expected inflation rate affects the real intesest rate.

This can be seen by rewriting equation (2.483 as:
- e - ey . oY - e
(2.68") 1 -~ (gePean = acPe) = {67 M (hy = eP)
L
= (1= ) (uePee1 = aePE) + v}

The pure Figher effect does not hold in this model. This occurs
both because of the assumption that firms need to finance labor in advance
of actual sales of output, and of the assumption of imperfect capital
markets (households are not allowed to engage in borrowing and lending

activities).
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Taken together, these assumptions (which constitute the “financial
constraint” assumption) imply that the economy wide denana for creéit is
solely formed by the firms' demand for credit. This in turn is derived
from the demand for labor and hence depends on the behavior of the wage
rate, If £ were s;t equal to one (the demand for credit would be
independent of the labor market) and if households were allowed to borrow
{the demand for credit would depend on the reaf interest rate) the Fishgr
effect would hold,

In this model, the transmigsion mechanism through which the expected
iiflation rate affecfc the interest rate is as follows: when expected
inflation fﬂcreases; labor supply decreases (because of a gubsgitution
effect in favor of current léisure). To maintain equilibrium in the
labor market, the nominal wage increases. - The increase in the wage rate
{n turn affects the nominal demand for credit (1t will increase 1f f <1)
and hence affects the nominal interest rate. The sign of vé is ambiguous,
but {f the sensitivity of the demand for credit to the 1n£eresc rate (that
is, q)is less than one, yé'uill be positive.

Third, an exogenous increase in prodJEtivity will have as its only
effect a proportional increhse in the interest rate, because when ug
increases, its impact gfféct is an increase in the demands for both labor
and credit. Given an exogenously determined supply of credit, the rise
in the demand for credit will generate an increase in the interest rate
in the same profortion as the increase in ug. The resulting increase in

the interest rate will in turn reduce the demand for labor (due to

increased effective cost of labor) offsetting the initial impact of the
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productivity change on the demand for labor. Hence, the level of employ-
ment and the wage rate will remain unchanged. Notice that this result
holds only because the total supply of credit is used to buy labor ser—
vices. As will be shown in Secgion S, the introduction of investment

demand also financed with Eredit, will allow ue to have positive effects

<

on employment.

-

We can now turn to the determination of the wage rate. Substituting

equation (2.46) in equa®on (2.47) we get: .- .

)

) e ' ' e _ e‘ ! - e\
(2.49) wp = gePc * 8 + B (ePe+1atPe) * B (hp=pePy) o,

vhere: g =12 -fl% -a b+ ak
e ne +a

L

' v
AT R+ a

. aq
2 R+ q .

The results obtained from equation (2.49) are as follows:

First, an increase in the real monetary base will increase the real”

wage. This occurs becadae. as explained above, an increase in the real P

A
monetary base results in a decrease in the nominal interest rate; this, .~
. v

P
, in turn, lowers the "effective- cost of labor, and hence, increases EE#
demand for labor. Given that both the demand and supply of labor depend

on the real wage,’gn increase in the demand for labor will increase the

real wage.
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Second, an increase in the expected inflation rate will cause the
supply of labor to fall, and hence will increase the real wage rate. The
magnitude of the wage rate response will be higher, the higher the abso-
lute value of the elasticity of the supply of labor with respect to the
expected inflation rate, and the lower the absolute value of the el;sticity

of the demand for labor with respect to the "effective” cost of laber.

Third, as explained above, a change in productivity does not affect

the wage rate.

the equilibrium level of employment can be obtained by substi-

tuting ¢quations (2.48) and (2.49) into the demand for labor (equation

(2.50) 1, = 6 + & (hy = 20PS) = & (4ePS4y =acPl)

where: .

g + nofl - nha ,

% " + ok
né +

an

nég + q

[ Qle \
% T ——————
nf +ta

The level of employment depends positively on the real monetary
base, negatively on the expected inflation rate and {8 not affected by a
change 16 productivity. These effects occur through the induced changes:
in the "effective” cost of labor (a change in w; and/or i;) already dis- ‘

cussed above.
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Substituting equation (2.50) into a logarithmic approximation to the
output supply equation (a log approximation of equation (2.15)), the

short-run aggregate supply function is obtained:
8 . = - e - e - e
(2.51) yp = ag + ay(he = 4ePe) = 82(aePrar = aePe) * Y

Notice that although the random term affecting productiyity does not

affect the level of employment, it does affect the level of output
because every unit dof labor will now be more productive, and hence output
will increase. Output supply does not depend on the actual price level,

but on its expectation. Obviously, this happens bgcause the output

supply decision is made at the beginning of the peried, before the

.

_commodity market has opened.

An important feature of the model is that the term (h, - ) is

e
atPt
not a wealth variable, which affects desired leisure positively and hence

the supply of. output.negatively as in Barro (1976). Rather its presence
1Y b

is due to the financial constraint faced by the firm in an environment of

limited capital markets. Appendix II.2 shows that 1f we relax either of

the components of the "financial constraint”™ assumption (that is, the

requirement :hat fira's finance labor in advance, or the limited capital
market postulate), the real monetary base term does not appear in the
aggregate supply of output f;nction. Equation (2.51) is an implication
of the financial constraint as;uhption. The positive response of aggre-

‘ gate supply to an increase in the resl wmonetary base will be bigger, the o
higher the absolute v;lue of the elasticity of the supply of labor with
respect tq the .real wage, and the'higher.tbe elasticity of the demand for :’

labor with respect to its "effective” cost. ’ ‘ : -
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The negative response of aggregate supply to an increase in expected
inflation will be bigger the higher the absolute value of both, the labor
supply elasticity with respect to expected inflation and the labor demand
elasticity with respect to the "effective" cost of labor. These results

are suggested by our previous analysis. 31/

4,2 The aggregaté dewmand function

Because of Walras' law, equilibrium in the commodity market at the .
end of the periga implies'equilibrium between the demand and supply of
money. The demand for moqey will be used to represent aggregate demand.

At the end of the period, the monay supply (D:) is equal to the sum
of the monetary bgse plus the commercial banks' loans (D: = H, + Cc).

In equilibrium, firms' holdings of money equals the value of output,

which according to equations (2.13) and (2,16) is:

1

fp - - £
(2.52) fp, = p ¥, =cC. (1+1,) + fn,

Hence, the householdT' holdings of money at the end of the period
i
equal:
hya . npn8 - § - - - £
(2.53) D, D¢ D, = H, 1.C, LI

On the other hand, the households' demand for money is given by
equation (2.40).

Equating equation (2.53) and (2.40) and using (2.52) will lead to:

L g
He B P,
(2.56) — =Y, - q + —————
Pe e (peEPesr)

Equation (2.54) represents equilibrium irr the money market. A log

linear approximation of equation (2.54) is: .
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(2.56") he = pp = by + by oy = byl Py ~P) - &

. where € is a serially independent distributed log normal distur-
bance which is also independent of the rest of disturbances of the model,

and where:

e = log b, ~N(0, o)

4,3 Expectations and price and output equilibrium

_The equations for the supply of output, the wage rate, and the

interest rate derived in the previous section were not final solutions

because price expectations were not treated as endogenous variables. To
.\ -

find the final solution for the price level, output, interest rate, and

the real wage rate it will be assumed that expectations are formed ration-

~ ally in the sense of Muth (1961). The relevant information sets were

defined in Section 3 and will\now be used.

The model can be coampleted by specifying the process that generates
the monetary base. It is assumed that this process involves a cénatant
trend growth rate, m, in addition to stochastic elements that make the
growth rate fluctuate around m. .Stochastic shocks will be of two kinds:
permanent shocks; that 19, shocks that cause a permanent adjustment in
the level of the monetary base, or ;cengorarz" shocks that cause .only a
temporary adjustment in that level.

-

Hence, hy is generated in accordance with: 22/

(2.55) he = heoy + @ + ve + X¢ = Xe-)
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The two random terms v and x are generated by white noise processes,

that 1is: -

vp ~N (0, @)
x, ~N (0, &)

and both vy and xy are serially independently distributed.

Two experiments will now be conducted. First, it will be assumed
that the agedts posess full current information, that is, they know (or
have enough information to infer) all current valueg_of the rele;ant
variables that affect their decisions. In particular, not only do they
know the value of the monetary base,-but they can also distinguish
between a permanent and a temporary shock. In that coﬁtext, the effect

of the anticipated components of the monetary base on the supply of out-

put will be analyzed. Second, it will be assumed that the agent's infor-
mation set is the one defined in Section 3: that 1s, even though economic
agents can infer the value of hg (through the observation of the nominal

" interest rate and the wage rate), they cannot distin;uish between ;
current permanent or temporary monetary shock. The effect of such "lack
6f complete inéormation“ on the price level, the output level, the
interest rate, and the real wage rate will be analyzed.

4

a. The full current information case

In this case, the current expectation of the price level is equal

to its actual value. Equations (2.51) and (2.54') and the equilibrium

LY G IR AL T 1Y, Ol RNPUREME TN

~condition yd = y& will yleld: 23/ i
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(2.56) pp = {(-bg =~ agb)) *+ (1-bjay) h¢
1 + b2 - bja; + byajp

+ (bz + blaz) atp€+l - (bl) U

. + ey}

The price level depends positivel; on the expected inflation rate
and on the random term affecting the marginal utility of current‘;onsump-
tion because an increase in either variable :lowers the real demand for
money. In addition, the price level depends negatively on the productiv-
ity term because this intreases the aggregate supply of output. The
monetary base afffects the price level positively only‘if bjay < 1; sugh
a restriction will be assumed to hpld in the rest of\;his chapter. A
comment at this stage may be useful. The need to impose the restriction
bja; <1 a;isea because the output supply depends positively on the real
monetary base to reflect the financial constraint faced by ;he firms in
an environment of limited capital markets. Thus, when (hy - pp) lncreases
both the demand and supply of output increases and the price level will
increase only if the reasponse of the demand for output (1/bj) is greater
than the response of tﬁe supply of output (aj).

It {s interesting to note that {f the term (hy - py) stood for a
wealth variable, the coefficient a; would be negative and the abbvg
rggtriction would not have been necessary. Hence, it i{s important to
recall that the reasons for the presence of the real monetary base in the
aggregate supply function may differ between nodeia and generate very

different results. The importance of the microfoundations supporting a

macro model is, in this way, highlighted.
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Using the method of un&eterniﬁgd coefficients (see Lucas (1972),
Barro (1976, 1978)), it is conjectured that the solution for the full

current information priceilevel_ié:

(2.57) pg = 6p + Bjheo] + 82 m + OB3ve + B4x¢
+ 6y xg-1 + Sgue + 87 ¢ o
where the 5s are the unknown coefficients (Appendix I1.3 shows that,
for stability purposes, the forward solution implied by the use of the
method of undetermined coefficitnts is, in fact, the solution to be

chosen).

) \
Updating equation (2.57) and taking expectations:

e ‘ i

+ (8] + 65) x¢ - 8) xe)

.
The solutions for the 6s coefficignts in terms of the parameters

of the model are obtained by substituring equation (2.58) into

equation (2.56) and by equating the resulting coefficients with those of

equation (2.57):

(2.59) 6g = (-~ dg - 8gby)/(1 - bjay)
(2.60) 8] = 83 = - 65 = 1

B
(2.61) 82 = (1 - blalcf by + bjaz)/(1 - bk‘l)

(2.62), 64 = (1 - bjay)/(1 + by" = bjay + b1a3) .
> 1,/‘1 . - )
(2.63) 8¢ = (-b)T/(1 + byohram* b1az)

—_—

»
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' (2.64) 8 = (1)/(1 + by - bya; + bjaj) .
. ‘l‘hué. the solution )fqr the full curent information price level }s:
~bo - agh) 1 - bjay + b2 + bjap :
(2.65) Pc = [———] + ht‘l + [ I m
- l-blal 1 - b181 .
, , .
1 - byay . .
) tove + I xe - xey :
1 + by - bjay + byaj
. ' ’ bl 1 ’ [ ]
Dy T - [ . ] ut + [ ] et
. 1+ by - blal + blaz 1 +by - bja; + bjay
T, . . The solutton for the fuil current information output (y.) is obtained by B
:
y
\

® 3

substituting equations (2.57) and (2.58) into the supply of output equa- .

tion (equation (2.51)). ’

. a. + a1bo a2 + a1b; az +a1by .
.. . (2..66;) ye = | - b= 1 - ] m+ - ] -x¢
l ’ 1 - bja; }'blal . 1 + b - bya) + b1ay
. 1+ bg az -8 '
+ [ - l Ue + [ ] et
5 . 1+ by - blal + bja; ° 1+ by - bjay + brag -
} -

. Several results follow from equacions (2 65) and (2,.66). .24/

First, both the past value of the monetary base (hg. 1) and the perma- . --" -

nent monetary shock (vp) affect the price level with a unitary coefficié:n{j<;%.i; .'/.
\ and d; nOt.‘ffCCt the level of real OQtPUt- This is because, both varl-‘ﬁ,::::jl'i
ables increasé the 'current g_n_g future pr14ce levels ipr the same p'°P°rt1.o{;...:_~:':'.;:T{;‘ﬁ"
leaving unchanged the expected inflation rate and the real m;te_tﬂq, Paﬁ. ) ‘; ‘;
Hence, fully perceived permanent mnet.ary changes are neutral, :" ’

. .
- . . B P - « .. e Y Wil
-
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P

:Secoéd,‘\n increase in the rate of growth of the monetary base, m,
even {f fully anticipated, has a negative effect on real output. This
result holds because when a rises, the expeé.ed inflation rate rises,
generating a feduction in equilibrium }eallnonetary balances and hence a
decrease in the equilibrium levels of output and employment. Hence,
money is not superneutral in this model. Even fully anticipated movements
in the rate of growth of the money supply have negative effects on output.
This result is due to the financial constraint faced by firms dberating
in a limited capital market.

Third, a temporary monetary change, even if fully anticipated, has
a positive effect on real output (notice that the coefficient of xp on
the price equation i{s less than one, while the corresponding coefficient
'on the output equation is positive). The temporary shock is assumed to
h;ée_a one period effect. This assumption implies that the current price

level Pe will increase relative to a:p:+1‘ That is, ceteris paribus, an

increase in fhe:nonetary base due to a temporary mometary increase will

-

result in expected deflation. The consequences will be opposite. to those

’

generated by an increase in the rate of growth of the monetary base. 25/
Expected deflation will increase the equilidbrium level of real balances

and, hence, real output will rise.
These results show that, even in the absence of long-tern contracts

(as in Taylor (1979)) or wnge “and price rigidltiés (aa in Ficcher (1977)3

-
- fully antictipated nonctary changel _can have rlal effects 1n a raiiona

v v o4 X .

.

expectations framework. In this chcpbet,;the inpotitgpﬂ of a "finaccial'

constraint faced by firms in an’ aconony with 11-Lted capltal harkegg

e e
'

.1. . . e ~t e d dnpy

- -~ N . -
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results in a fully anticipated temporary monetary change or a fully
anticipated change in the rate of growth of the money supply, affecting
[ 9

the level of real output.

b. Incomplete current information

In this case, although the economic agents can inferq every‘period,
the value of the current monetary base (observing the wage rate and the
nominal interest rate), they cannot perceive the division of monetary
shocks between permanent and temporary components. For simplicity, it
will be assumed that there is one—period-lagged information on this
division; that is, x¢.] will be assumed to belong to the current informaf
tion set. Hence, knowledge of the current value of hy implies that the

sum of both kind of current money shocks (v, and x,) is also known:
(2.67) vt + xt - ht - ht_l + xt-l -0

The signal extraction problem in this case consists in forming -
expectations of vy and x. based on knowledge of the right hand side of
equation (2.67),

Given the assumptions regarding the stochastic process governing the
behavlo: of x¢ and vt.‘the expectations of both random terms can be formed
by running their regressions on the observed sum (vy + x;).

That is: E (v¢) = £ (ve + x¢)

E (x¢) = g) (vg + x¢)

vhere f) and g (the regression coefficients) are: .
fl-—-—v—- 81-——

g q T+ <
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The higher the variance of ve, the permanent shock, the higher the value
of £, since a larger fraction of money shocks is attributable to perma-

nent disturbances. In the same way, a higher variance of x, implies a

PP“_ higher value of g;.

Equations (2.51) and (2.54') and the equilibrium condition yg - yi

% will now yield the following expression for the incomplete current informa-

tion price level (p): . y
- . 1
& (2.68) pg = — {(-bg - agby) + (1 - bjay) he
‘ 1 + Db

- ‘e e
+ (bja; = bjay) 4.pr * (by83) LePrs
+ (b)) yePeep = (b)) up + g

The conjectured solution of the price level (using the method of

undetermined coefficients) is:

(2.69) py = ég + él he-1 + éz m + 63 (ve + x¢)

+ 85 xg-y + Bg up + 8y €

Notice that now, vy and x, enter as a sum into the solution of the
price level. This 18 so because agents ca?not infer the values of v, and
X¢ separately.

Taking expectitfona of py conditional on the information available

at the beginning of the period (the information set defined in Section 3,

plus the addition of x¢-3), yields:




s

A

(2.70) “{)5 - eo + 91 heoy + 62 m+ 63 (ve +x,)

h +hxeml * Gue t b g

Updating equation (2.70) and taking expectations conditional to the
information avajilable at the beginning and end of the period respectively,

we get:

(2.71)  4ePEe) = pePErs = &+ § Bep +(§ + B o

+ 8 (vetxe) = 8 xpop + 85 E(xy)

The expectations of pp4] formed at the beginning and at the end of period
t are identical. This is because knowledge of the price level at the end
of the period does not convey additional information w’hich' permits agents
to infer the temporary monetary compounent. 'Aelso. the expectation at
time t of prices at any time in the future will be the same as that given
by equation (2.71); this result was first noted by Muth (1960).
Substituting equations (2.70) and (2.71) into equation (2,68), and
equating the resulting coefficients with those Af equation'(2.69), the
solution for the undetermined coefficients can be obtained. The
solutions for 60, 61. jOz, 65. 66. and 97 are identical to the correspond-
ponding & derived for the full curreat information case. The only
difference in this case is that:‘

(2.72) 1-bja; - gp(bjaz + b3) + bjas + b2

1 + bjaz + b2 - bi1ay
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The higher the value of g;, the lower will be 63. because agents
will attribute most of a monetary shock to a temporary change; hence,
the price level will not increase in the same proppttion as the monetary
shock and the level of output will be affected. In the extreme ‘case, when
g1 ; 1 (that is, when the variance of the permanent shock is zero), the
agents will attribute all éhe monetary change to a temporary shock. If
on the other hand gy = O (the temporary shock has a zero variance),
agents will attribute all the monetary ch;nges to a permanent shock. In
that case, 63 = 6 = 1; the price level will change in the same propor-
tion as the ch;nge in the monetary base and no real effects will occur.

)Subetituting the & values in equation (2.69), the final solution
for the price level 1is:

-bg — aghy 1 + by - bja; + bjay

(2.73) ]st » [————] + heoy + { ] m
1 - bjay 1 - bja

1 - bja; + bjag + by - gi(bjaz + b3)
+ [ B ] (Vt + xt)
1 + b2 - bl‘l + blaz .
B -

by 1 .
- xe-1 - | Jue + I e
1 +b2 - bjay + bjar 1 +b -Dbja; + bjay

N

Also, the solution for the incomplete current information level of output

(ye) is:



. ag + a1bg ajbgy + a2 ‘ -
(2.76) yt - [ - ] - [ ] m
1 - bjay 1 - bjay

g1 (ayby + &)~
+ | ] (x¢ + ve)
1 + by - bja; + bjay

-

1 + b2 a; ~ 8y
[ D e + D e
1 + by - bjay + bjas 1 + by - bjay + bjaj

The main difference between equation (2.74) and equation (2.66) (the
output solution in the full current information case) arises because con-
fusion between ieuporary and permanent ghock; can generate real effects,
even in response to permanent monetary shocks, and these effects depend
on the relative variance of permanent and temporary shocks. This result
can be highlighted by considering the d%fferencé between the incomplete
and complete current information levels of output:

g1 (ajby + aj) .

(2.75) v¢ - ye = | ] vy
1 + by -~ bjay + bjar

. (ajby + a3) (g) - 1)
+ [ ] Xe
1 +by - Dbja) + bjar

The higher the relative variance of the temporary shock (the higher
g€1), the lower the effect of a temporary shock and the higher the effect
of a permanent shock on the deviation of the incomplete current informa-

tion output from itas full (current) information level.

. - »
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4,4 Solutions for the real interest rate, the real wage, and the

income velocity of money
i v

The solutions for the real interest rate and the real wage rate in
the incomplete current information case are derived and presented in
Appendix II.4. As with the foregoing analysis, changes in the rate of
gro;th‘df the monetary base affect both the real rate of interest and the

‘real wage even if fully anticipated. From the analysis in Section 4.3,

it also follows that a fully anticipated temporary monetary change

foects both variables. This violation of the Fisher effect does not
occur because of misperceptions regarding the price level. It occurs
because of the assumptions regarding the nature of the financial
constraint faced by the firms.

The confusion be:‘en permanent and temporary shock_s in the short
run leads to permanent monetary shocks having effects on the real interest
rate and wage rate. The lower. the variance of the temporary shock, the
smaller the effect of these misperceptions.

' Also, although the model predicts-that an increase in the rate of
growth of the money supply leads to a decrease in the level of output,
while (given a value of g;) a poaitive random monetary shock (that cannot
be distinguished as permanent or temporary) causes an increase 1p the
short-run level of output, th; signs of the effects of m or (vp + x¢) on
the real wage rate and noainal 1n£ereut rate are aubfguous. They depend
on the_sensgtivity of the supply of labor with rgspect to the expected
inflatioh rate relative to the sensitivity of the demand for labor with
regpect to ;:; "effective™ cost. For example, setting v = O (the

/} supply of labor does not depend on the expected inflation rate) leads to
-

(4
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an increase in the rate of growth of the money supply causing a decrease
in the real wage rate and an increase the nominal interest rate. It
also leads to a posiéive unanticipated random monetary shock increasing
the real wage rate and decreasing the nominal interest rate. That is,
if the effects of inflation on the demand for labor predominate, ;he real
wage will move in the same direction as the output level, while the
nominal interest rate will move in the opposite direction.

Finally, note that siéce the income velocity of money is the ratio
of nominal income (output) to money, equations (2.73), (2.74), (2.55),

and (2.3) can be used to.obtain the following solution for velocity

(velg) in the incomplete current information case:

.

. ag - bO - agby + ajbg
(2.76) vel, = ( ] +k
- 1 - bjay

by + bjas - ajby - a3
+ | ] w
1 - bjay

albz + a3 - by - blaz .
) + jgl ( )] (Vt + xt)
1 + by - bja; + byay

1 +by-Db
+ | . ] Ue
1 1+b2 - bja; + blﬂ?

1 + a3 - ay
+ [ ] g -
1 + b2 - bja} +.hja;
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The two most important results frowm equation (2.76) are as follows:
first, velocity 1s not a constant in this model; it is an endogenous
variable depending on both nominal and real factors. 32/ However, as is

common in models where ‘the role money as a medium of exchange is empha-

sized, and transactions take place on;e per period, velocity per period
is bounded to be less or equal to one. This feature is not clear in
equation (2.76), but.can be obtained by noticing that, in this model,'the
value of output is eﬁual to the firms' demand for mone; (see Section 3). T .
Thus, velocity in natural numbers can be expressed as: Vel = fDt/D.
Since thé total demand Eor money in the‘eCOnomy equals the firms' demand
for money plus the households' demand for money, it is clear that velocity
is less or equal to one. 31/ However, the velocity of—::; monetary base
(H) is clearly not bounded to be less or equal to one. Since (from
equation {2.3)), H = KD and K € 1, the income veloéity of the monetary
base (VelH) cap be exptﬁssed as VelH = th/KD. If K is low enough,
velocity can.be greater than one. This result contrasts with those
standard éash-in-advance models,. in which currency in circulation is the
relevant monetary aggregate for the trading process. )

Second, a pérmaneﬁt monetary shock affects the level of velocity in
the incomplete curr?nt information case, but leaves velocity unchanged

under fgll current information, because a fully anticipated permanent

increase in money increases 'the level of prices proportionally. (63 = 1) -

but leaves the level of outpqt‘unchangea. Moreover, changes {n the rate
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of growth of money affect velocity even {if fully anticipated. The
variability of velocity is thus highly dependen; on the nature of the
monetary shock. . ' e

5. The model with investment demand

5.1 Microeconomic impliations

.
>

In contrast with the analysis of Seétion 3, we now assume that thg
production of output requireE two varieble inpdts of production: labor
sérvices provided by households and a commodity input purchased by the
firm at the end of the previQus period. There is still but one kind of

output being produced (Y:) and every unit is sold at the same price (Pt).

However, if households purchase it, the commodity will be considered a

. [ Y
“"consumer” good; if firms purchase it, the commodity will be treated as -
an "investment” good.~ The comﬁodity is assumed to lasgt only.one period;

thus, a‘firm will only purchase it to use it as an input-in the next

\ period's production process. It can be used neither to increase the

DS - iy i

stock of fixed capital npr to speculate on future price movements. Every

»  unit of the cqhmodity will enter the output market only once. In short, ®

, we havé only’ohe kind of inv;s;ment: investment in "working” capital (as ‘
. . . ’

Iﬁjuhat‘follous, we retain all assumptions specified in Sections 2

e

and 3 concerning houaeholad, government, and banks' behavior. Thus ¢ 't

]
i ; opposed to fixed capital).

..

analyze the implications of introducing investment into dhe model, we - *\‘_-_;~;
need to concentrate only on fimms' behavior. The objective of the repre-

" sentative firm 1s still to maximize profits. "At the beﬁ;nning of the

pétibd. the firm demands labor and.uaét_fﬁi':-gether uith the previous .
gsriod's 1nvéstient, to produce outﬁut. Thegefore, the firm's effective

~ » ’ -




, . (&2
where: (&F;/&,) > 0; (627 /&%) < 0 v
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planning horizon includes two periods, Pecause its purchases of labor
;%fect its revenue on ghe same period, while its purchases of investment
affects its revenue in the next period. It is now assumed that the firm
borrows bank credit at the beginning of each period to finance both its
purchases of labof and its purchases of invéstment at the end of the

period.

Thus, the firm's maximfzation problem is:

-(2.77) Max

5 _ d d
atE L ¢4 ( yt Le + P INN(AAH )

d d
(Les It) pt+1 Pt+1 Pt+1

+ BT - (eyg Ly + T UM 1}
Pryl

AN
subject to two constraints:
s . d - d
(2.78) Yt F (Lt, It-l) Fl (Lt) & + Fy (It-l)

t

\J
‘ . (82 2
(&F,/ 61,1 > 0; (8%F, /@ %) <0 ¥,

and:
d
@79 cd w18+ (, EPHUID

Here Ig = real investment demand at the end of period t. The same dis~-
count factor (B8) utilized by the households will be used here because

°*
the firms are owned by the households.

.t
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Equation (2.78) is a production fun;tion.‘add?gively separable in L,
and I.,_;. The marginal productivity of laborlis iffecte& by the random
term & . The sé;arability condition implies thgt the marginal produc-
tiwity of each input depends solely on the amount u3ed o that input.
Equation (2.79) is ths financial constraint faced by the firm. Recall
that, although the firm is a competitive unit facing exogenously given
prices, it does not know (at the beginning of the period) the price that
will prevail in the output market at the end of the period. ‘Hence, its
nominal demand of credit to finance investment equals the expected value
og investment. .

The maximization procedure leads to the fq}loding firm's demand for
labor and in;estuent:
We 1

(2,80) Ld = o [(1-1)) —] where o < 0 o
. atEPp &

and o) 18 a linear function relating the demand for labor to its mar- -

L
ginal productivity. And:

)
?

2.8 1¢ = 5 [(1H)

atEPt . -
] where Py, < 0
BatEPe+1

and‘pz is a linear function relating the denaﬁd for working capital to
its marginal productivity. |

The firm's demand for labor only involves ;urfgnt expected prices
because both the marginal cost and the marginal revenue associated with
ag extra unit of labor hired are realized in the current period, while

the firm's demand for investment will invoive current (marginal cost) and -

\ 3



future (marginal revénue) expected-prices. In fact, the first order
\\h ’
condition from which equation (2.81) is obtained states that the firm
demands investment goods up to‘:he poiﬂt where the marginal cost of
investment (1+i.)(4¢EP;) equals the actual value of the future expected

marginal revenue obtained from curreat investment:

BatEPrs1) ( F2(e+1))
ad

Also, from the financial constraint 2.79), the firm's demand for

‘credit is:
. We 1 ) atEP
(2:82) CF = (W) o [(IH )~ = | + (L BP) 0, ((1+ )—]
actEPr & = o BacEPr+y
where:
&d -
- <o
G.f
&d (1+,)W —
et
‘;:_ Z 0 as —f;%- Z
t i (geEP) &

S7

C\
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The effect of an increase of the expected current price level on the

nominal demand for credit is ambiguous. Although the nominal dé;aﬁd foii
credit to finance labor_ increases, there are two effects on the noqinai
demand for credit to finance 1nyes:n§nt: the expected‘%rice of investment
goes up, but the demand for reallinvest-ént decreases. If the elasticity
of the demand for investment with tespect to ;ts “effective”™ real cost is
less than one, the demand for nominal credit to ﬁinance investment would
increase.

5:2 Detivation‘of the aggregate supply function

As in Section 4, the model wikl now be aolveg using a log-linear
version based on the equations develdped at the micro revef.'.civen tﬁ;t‘
neither the households' nor the gankc' behavior has bee? wodified,
equations (2.42), (2.63), and (2.65) from Section & can be used here to
derive the. aggregate Eupply function. However, a'diff;reqt equation for ‘
the demand for credit needs to be specified since now credlt;ftnanced |

investment demand is included in tﬁe model. Based on equation (2.82), . ' -

the following log-linear relationship will now be postulated. : o

(2.83) cf = & + o(Pf + (1-B)(u = 4¢pf)

- (h + B, + B (atPeer ~ gtpg) + B v

N R
Equations (2.42), (2.43), (2.45), and (2.83) yields-the following

equilibriun'solution for employment:

[}

- . ~ ~

(2.86) 1o = g + @ (he=yoPE) = @ (GePLa1™aePT) * % U

N

where: : ] ' ) - o
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. now, the random term affecting productivity affects the-equilibrium level

. 1 - :‘. R s “,r ("{
. ) ) :555‘

B LR L R T U

L  M(RR) + e (1+E) : r :

L . |

ﬁ , -‘1( 31.562) + q(1+&2) i R o

~f _qnfs‘.szn+clhu ~

% n(f+6) + q(l+6y) }
e - 8

M(B+H) + q(lvy) | ' S

-Rotice that ndubthe effect of exgecfed inflation on employment
drpends not only on its intertesporal effect on the supply of labor (as
in Sections 3 and 4), but also on its effect on the demand for nominal

credit (which in turn depends on the sensitivity of;in&elcnent to the

inflation rate). )

. , . A .
Notice ‘also that, becsuse the.only difference between this analysis

and that of Section 4 is the inclusion of the investament demand, setting

“fp = 0, would yield the same equation for the labor narke€ ui that

derived 1q Section 4. . -

Ab‘{nportnnt difference betwen equation (2.50) and (2.84) 1s that

of employment. The reason_ for this is that the demand for credit is no

longer completely tied.to only the demand for labor.: Assume that, ceteris

~
-~
. e PPN . . .

_— ”
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Esribus, a positive value ofqup occurs. The demand for labor will ris{
and 86 will the demand for credit, increasing the interest rate. However,
the 1ntere§£ rate will noi increase in the same proportion as the increase
in up because no; the demand for credit depends on both the demand for
‘labor aand the demand for {nvestment. Thus, the rise in the intereét rate
will not fully offset the increase in productivity (in contrast to
Section 4), and the levél of employment will increase. 3&/

Solving the' system for t'he nominal interest rat’e yields:

3

“£2.85)

- ~1 - ~y _ e ~ e _ e ~
t "0 " (e = 4P Y (gePral T acPe) Y Y3 Y

(n+a )8 - (1-8)¥ + (1-B)q - v k

~
where: To -

T N (B+B) + o (1+8)
. . '
e ™ ) Yl + q .
1671 - 3
. o (+8) + q (1+8)

~ B n+a)+v(l-§)
1 (Bi+8) + o (lfB\).

~ fin + q
n (h+l) + q (1+&)

As in the case of employment, setting 6; = O wou d give the same equation
derived {n Section 4 for the interest rate. Again, the pure Fisher effect

does not hold due to the financial constraint assusption. In addition,

(Y;) is less than one as discussed above.
» .

the coefficient affecting u,

-
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Finally, based on the production function (equation (2.78)) and on
equation (2.84), the following log-linear relationship for the short-run

aggregate supply of output is postulated:

e

~ ~

8 . - N = oaey e - e -
(2.86) ye =&, te (he ~aePe) = 82 (4¢Pt —aePr) * 83l + 8, u,

Because investment in period t-1 is part of the output level during

period t-1, equation (2.86) implies persistence in any the output distur-
L4

bances.

5.3 Derivation af the aggregate demand function

As stated in Section 4, equilibrium in the commodity market at the
end of the period implies equilibrium between the demand and supply of
msoney. The firn‘o‘holdings of money at the end of the period equals the

value of output. Thus,

f - - d f
(2.87) D, P Y: (HtLt + (atgpt)lt)(1+it) + o

Equilibrium in the money market can therefore be obtained by equat-

ing equations (2.40) and (2.53) and using equation (2.87):

He atgpt B Pt
(2.88) — =Y - [——) 1¢-q+— ——
Pe Py e (peEPrsy)

A log-linear approximation to equation (2.%8) is:

-~ -~

- p' = - b e _ -n. 1d
(2.89) he - p = by + by yp = by (¢PF - P) - by I¢

- by (pt9:+1 “P) T &



To avoid confusion with the nominal interest rate i, the remainder of

this section will use 1. to represent the log of real investment demand.
A log-lineir relationship for the investment demand, based on equa-

tion (2.81) is:
d . - - e ¢
(2.90) I I 52(1t atPe+1 * atpt)

That is, real investment demand depends negatively on the real interest
rate.,

Substituting equation (2.85) into equation (2.90):

d ~ Sy
(2.91) IS = (I, - Bov,) + Byyy (hy = ,.PF)
! e _ ' ey _ 4 !
M BZ (1 Y2)(ntpt¢1 atpt)- B273 Ye

‘Again, the assumption that firms need to finance their advances by
borrowing in a limited capital market implies that expected inﬁlation
affects real investment. If the "financial constraint" assumption were
re-?ved, a rise in expected inflation would raise the nominal rate of
interest such as to leave unchanged the real interest rate, and there
would be no variation in real investment.

Equations (2.89) and (2.91) represent the aggregate demand side of
the model. .

5.4 The solution for the price and output levels

Since the objective of Section 5 i{s to analyze the differences in
the solutions of major macroeconomic varisbles implied by the introduction
of investment demand, rather than by alternative information sets, the

rest of this section will concentrate only on the fgll current {nformation
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case. In that context, atpi = P, and atp§+1 - btpg+l’ Thus, by substi-
tuting equations (2.86) and (2,.,91) into equation (2.89), the foll@wing
expression for the price level is obtained:

(2.92) p, = [1 + by - bya; +bjay + byBy (1-y, - vp) 17

: ‘ [(b, - bya, + byl, = byBY)
+ (1 - bja; +byByy) h,
+ (bjay + by + 5,8 (1-1)) ,pEy
~ o~ ~ ~
= (byByY3 - bjay) u,
- (bja3) Iy + &l .
Appendix 1I1.5 sh;:)\the method used to find the final solution for the
price level.

As in the model without investment demand (Section 4), a fully
anticipated permanent change in the level of the monetary base affects
the -price level proportionally and has no effect on output. Also, as in
Section 4, an increase in the rate of growth of the money supply increases
the 1éve1 of p;;ce: and decreases the level of output, while a fully
anticipated temporary monetary 1ncte§le or an increase in productivity
have the opposite effect on the levels of prices and output. However,
;he important difference as compared with Section 4 {s that, now, all
exogenous variables that affect the current p;riod level of output (m,

Ve, Ug, and € ) have persistent effects. This result occurs because

both the supply of output and investment demand are positively affected

- R oy
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by the real monetary base (see equations (2.86) and (2.91)).‘ Thus, a
change in an exogenous variable that results in an increase in the reall
monetary base will increase both current ocutput and the level of invest-
ment. This increase in investn?nt will, in turn, increase the next
period's level of output. Hence, this model provides us with a framework
where persistence in output fluctuations coexists with fully amnticipated
permanent monetary changes being neutral, and fully anticipated temporary
monetary changes being non-neutral. '
6. Summary

This chapter has presented a model of a closed economy facing a

“"financilal coastraint,” in the sense that firms are required to finance
labor in advance of sales by using a banking system as their only source
of finance. It has been shown that such an assumption implies that the
supply of output depends positively on the real monetary base, and that
the real interest rate is affected by a change in expectéd inflation;
that is, the pure Fisher effect does not hold. The positive dﬁpendence
of the supply of output on the real -odetary base contrasts with results
obtained in wodels where real money enters. as a wealth variable. There,
real money affects curreant leisure positively and, hence, the output

level negatively. A ' ~

The model has been used to investigate the ‘effects of alternatgve
[ J
changes in wonetary and real exogenous variables on output amd the price
level. In particular, it has been shown that anticipated changes in the

rate of growth of the monetary base affect the level of output negatively

because of their negative effect on the real monetary base. Thus, money
t

P v S et 1 s ey
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is not superneutral in this model. In adhition. it has been shown that
a fully perceived permanent increase in the level of the m;ney supply
~causes a proportional rise in the price level leaving output ugchanged.
while a fully perceived temporary increase in the level of the-::ney
supply causes an increase in the output level because of the induced
increase in the real monetary base.

Under the assumption that agents cannot distinguish between current
permanent and temporary components of the monetary base, even permanent
monetary disturbances have real effects. The lower the relative variance
of the transitory shock, the love; the effect of a permanent shock on
output, real interest rai?k}\:?d real wage rates. Thus, confpgion between
perlagzaf gnd transitory shocks results in non—meutralities of permanent
changes in the monetary base. Although a random monetary disturbance
(that cannot be distinguished as permanent or transitory)ralways affects
tﬁ; 1eve1 of output positively, the direction of the effect on the real
interest rate, and on the real wage rate depends on the sensitivity of the
supply of labor with rebp;ct to the expected inflation rate relative to
the sensitivity of the demand for labor Qith respect to its ”éffcctive"
cost. .

Finally, it has been shown that, {f a simple form of investment

demand {8 introduced; the effects of.change- in exogenous variables

iapinging on the output level will persist. These persistence results
-~ -« - /‘"‘_\—/ -

e

are obtained without otherwise mod{fying the nature of the model.

.
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Figure 1

AGENTS' HOLDINGS OF MONEY
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* . - FOOTNOTES TO CHAPTER .I1 .

-1/ This implies thet ‘we are ruling out distributional effects.

2/ Wicksell (1936) deals with a sequential trading arrangement similar
to—burs. )

3/ The assumption of discrete time allowda%es to guatantee that the
economic agents will held woney during the period (households have to
wait for the counodity market to open hefore they can spend their money);
otherwise, if the trunaaction period would approach zero (a continuous
time set up), we would have to introduce additional assumptions (such as
transaction costs or money as an argument in the utility function) to
guaranteé¢ the agents' holdings of money in, the model.

The size of the transactions also depends on the length of the .
transaction period. For instance, if the length of the working period
would increase, the total nominal {income per period would also increase,
rising the nominal demand for commodities and money. However, we will
not deal here with this problem: several papers (Clower and Howitt
(1978), Feige and Parkin (1971), Pried (1973)) provide a rationale for
the length of the transaction period using a entory approach., We
will just assume exogenous the transactions ‘d, although we recognize
that it imposes limitations to the empirical ication of the model.

.4/ Output supply is determined at the beginning of the period because
the equilibrium levels of labor and credit are determined at that moment.

5/ In this model, households' saving (3 flow) equals their demand for
money (Dt) (a stock) because, Saving D._, and, D = () because
the gemeration that saves (the young generation) is born at the begihning
of every period t. & -~

6/ Even though gome firms could be making losses, we are dealing with

the “representative” unit and assuming that its net profits are positive.

T/ We could have assumed that ¢ 1is unknown at the beginning of the
period but that would complicate the solution of the model, since both.
P, and Y, would be unknown and we would not be able to take expectations
of a product: E{P. Y¢] # (E P¢)(E Y.). Also, ug is included in the
firm's information set because all agents share the same information (als

- see footnote 13).

8/ As Lucas (1972) has pointed out, this implies that the old genera-
tion has a unit elastic demand for goods.

9/ Notice from equatlon (2.20) that the value of goods consumed by the
old generation (P oyd t) equals the current monetary base (H ). This is
80 because the 013 generation consumes all the previous savinge of the

[o}



economy (savings of firms:
i3] ) minus the value of previous period wage payuentgpto labor (which
equa}s the past period level of banking credit), plus”the government's
net transfers. Hence: \

plus .savings of the young generation

Pp ¥Y§ = fDoy +7Dy - Coy + Tr ' ’
o - ® Dg-1 = Ce-p + Trg
= Heo) + Trg
- H, .

- 10/ A-quadratic utility function forces the consumption and labor,
decision rules derived from the Rouseholds' utility maximization to be
linear. ’ :

11/ The marginal utility of current consumption will be positive only
if i < q. This is obviously one. important limitation of the quadratic ,//—
utility function use.

12/ The assumption that current utility is additive separable and .
shows diminishing marginal utility in current consumptton and labor supply
: guarantees that neither consumption nor leisure are inferior goods. The
asgsumption of constant marginal utility of future consumption eliminates
the income effect on the supply of labor and hence guaranteesgthat the
labor supply slopes to the right with respect to the real wage rate.

13/ & 1is included in the young generation 1nformatlon set because
1t 1s sssumed that the relevant decision makers (firms and young consumers) .
share the same infornation. -

14/ The second drdqt condition for a maximum is also satisfied.

-

15/ In this model, "the 1ﬁdirect‘utility function (Uj,q) cano be:

(a) 1f A' = 0O: 9 o )
L J .
Py 5] B 1
i} = qlquy = B B(—)] = — [q - — 13(-?-)]2-1!-"—-(!-")2
ind 1 bl bl 1 1
Py 2 v, P2 2 -
Py P P2 Py P2 oy P2 '

5




.

. The real balances held by the young generation befczre the commodity
Pl market opens 1s: [(W)/P3)Lj]. Thus, the marginal (indirect) utility of
ad real balances is: N ~

«

Uyng Py
- - 8 p1E(—) .
‘s(_l Ll) Py 3
< Pl
(db) 1f A > O:

wl ¥1 wl 2 1 2
U =qy [—Lf} -—[—1L -3} --aP .
/md o S S & r- ;M
L P Tr hye P W .
1 1 2 2 ’
+ 8 [— — L1 L S R [—£ L1y .
Py P2 Pa Py Py Py \\ ) A

we

In this case, the marginal (indirect) utility of real balances is:

\\ Vynd ( W1 Lo C .
~ L} .
S b P > _ ,
. 1 , . )
’ - 16/ This is so because: E[P)/Pj] # [EEllEPZJ.

_}_7_/ Notice that ‘the term “expected inflation™ is used conditional to
the available informatidn.

18/ Notice that a charige 1\1 the wage rate in this model should be
considered as _p transitory change from the point of view of the consumer,
given that®in the second period, when he is old, he will not receive any
wage income.

19/ 1n fact, using equation (2.39) instead of) quatlﬂz 26) in the

agent's maximization problem gives rise to the f lowing decisioff rules:
L) .
'.‘\' .

' .v1 b1EP?2 )
Y% .E- Py - ' ) . . - ~

and d




[N

‘\/"

e TR W1 alEP)
B a1EP) a1EP?

LY

T ——
Where, as in the decision rules of the main text, consumption demand is a
positive function of’éxpected inflation and a real shock to utility, and
the supply of labor depends positively on the expected real wage and
negatively on expected inflation.

20/ This is so because the log of (1+i) is approximately equal {using
a Taylor's expansion) to 1.

21/ Notice that in equation (2.51) a; = a3 since vy = y2 and o = B.
22/ Thig process is identical to the one presen;ed in Barro (1978).

23/ Notice at atp 41" because it is assumed thaf ocomplete
current information obtained at the beginning of the period.

26/ Notice that by strictly imposing the restrictions from the micro-
foundations {1 * v2; 9 = B), a1 = a7 and hence a random term
affecting utility has no effect on the level of real output. This result
occurs because ¢ only affects the current price level but not the
.expecteq future price level; hence, if a; = aj, the supply of output
* depends on (h - a:pt+1) which is unaffected by € -

25/ Notice that 68; is the inverse of 84.

- . . . .

26/ Foticé that \if the restriction a; = aj 13 impoSed, the effect of
an exogenous change in utility on veloeity 14 (1/(1 + b3)), which is
unambiguously positive and.less than one. This result follows because a

change’ in ¢ leaves output unchanged and hence a change in velocity
fully reflects the iduuced change in the price level.

27/ Households' dennn& for money cannot be megative (see equa-
tion (2.25)). ’ )
" 28/ The degree in which the 1ncrease in the interest rate offsets the
1nirisl rise in groductivity depends on the value of 8.

-
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APRENDIX II:i

THE NOTATION OF TH DEL ~
fs = nominal profits realized by presentative firm at the

end of period t-l.
¥ = nominal profits realized by the representative bank at the

beginning of period dc'
C® = nominal amount of credit (loans) supplied by the representa-

tive bank at the beginning of period t.

Cg = nominal demand for bank Eéans by the representative firm at
—
-the beginning of period t.
1¢ = the figp's demand .for labor at the begihning of period t.
L8 = the household's supply of labor at the beginning of period t.
Py = price level of output at period t.
Wy = nominal w;he rate during period t.
iy = nominal interest.rate. R .
Try = government net transfers-received by the old generation at
the beginning.of period t.
-~ GC, = total assets of theé central bank '.governpent's outstanding
debt in period t.. ) .
He = monetary base in period t.
Ry = relerve; in the vault of the commercfal bank during period t
(eq;n{s reserve requirements (RR,) plus excess reserves
(ukﬁ- )
K = reserve requir;-ent ratio (assumed to be.éonlcant).
\ + Y? = gupply of output at the end of period ;.
yYt(°Yt) = demand for output by the representative individual ok the )

'}
young (old) generation at the end of period t. -

' .
.
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ng = gominal stock of money (demand deposits) d;nanded by the firm
at'the end of period t.

ybg = nominal demand for money by the young generation at the end .
of period t = nominal demand for money by the household = hDg.

ODt-l = demand deposits carried over from period t-l and held at the

-

1
beginning of period t by the old geheration = saviats'of the

young generation during pertod t-1: yDg_l.

Dg -;total supply of money at the end oprerfbd t

’

DY = Ry + C. = (1/R) Hp = (1/K) (B + Tre)

b

total demand for money at the end of period t

- Ynd 4 fpd
o - Ypg + fof

P
R
.

information on all variables up to period t-l. '

&
L]

information set available and relevant to the firm's and

}oung generation's decigions at the beginning of period t.
: ]

e = 1Pfot-atioé set available to the young generation's decisions
at the end of perioé t.
E = the expectations operator. It will be used with a vafiablé !
to indicate 1:9 expected value and will b; ;cconpanied by

tvo uﬂbcétiptl. The first refers to the time when expectsa-—

tions are formed: at the beginning of the period (a) or at
the end of the period (b). The second refers to the period
in which it appli®s: current period (t) or next period (t+l1).

.

. - .
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For instance, pEPp4] refers to the expectations of Ppyy
based on the i{nformation available at the end of the current
period.

The superscript "e” accoampanying a variable is ;sed in

Sections 4 and 5 to represent the expectations oéerator E.
The superscripts "8” and "d” refer to the quantity

supplied or demanded respectively, of the attached variable.

Variables written without a superscript denote the.actual

flou'exchanged‘or the actual stock held.

74



APPENDIX 11.2

DERIVATION OF THE OUTPUT SUPPLY FUNCTION WHEN EITHER THE FIRM'S
REQUIREMENT TO FINANGE IN ADVANCE INPUTS OF PRODUCTION OR
THE LIMITED CAPITAL MARRET ASSUMPTION 1S RELAXED

TRe purpose of thisilppendix is to prove that in this model, the
| o
presence of the real monetary base in the aggregate supply of output
results from the assulption that firms need to finance inputs of produc-

tion in advance to sales and the limited capital markets wssumption

taken together. In what follows, eath assumption will be relaxed in turn -

and ixrwill be shown that the real monetary base will no longer be an

argument in the aggregate supply function.

1. Relaxing the assumption that firms need to finance inputs of produc-

N tion in advance in an economy with limited capital markets

In such an economy, the demand for labor will not -be tied down.to

N ~
the demand for credit. However, the assumption of limited capital markets

. implies that households cannot engage in borrowing and lending activities

. and hence, the supply of labor will not be affected by the interest rate. ~

L L

In such an econony,’the'supply and demand for labor are:

)

d . - - e _
(11.2.1) 1 o = 31 (g~ acPr ~ Ye)

r

e ) o _ e e
(II’ZfZ) 17 Yo + vy (W = aePe) Y (ePeny atpt)

i
! Since the supply of output is l{yéoitive linear function of the employ-

. > :
l . ment level, {t is clear that the real monetary base (s not an argument in
. i - S
f the supply of output. = -
!
4
}
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2. Assuming that firms need to finance inputs of production

in advance in an economy with developed capital markets

Assuwme now that a market fo; primary securities exists such that
households can buy securities from fi;-s. To simplify the exposition,
it will be assumed that the young generation receives all monetary,
net transfers at the beginning of the period (this assumption has no
effect on the model presented in the main textj. Hon;y 18 still needed
for transactions, hence, the total amount of nominal securities tﬁat the
household can buy from the firms is limited by the amount of transfers
received. Households cannot buy securities out of their money wage
because firms need to borrow before paying their wage bill. Assuaing

- .
that the value-of the parameters pnd exogenous variables (from the point
of view of households) are such that the households' demand for securities
ig less than the amount of transfers, the households' supply of credit
will deéend positively on thé expected real interest rate. Rather than
work through the microeconomic foundations to derive the households '

Exs

supply of credié..the macromodel of Section 4 will now be modified to

1

allow for the irmtroduction of such ad&itional supply of credit. This

short-cut procedure is justified gived that the purpose of this Appendix
i
is only to show the impact of an extended credit market.

This modified model is: ‘
’
e (11.2.3) lg =a, - hl (vt - .tp: + 1: - ut) > . -

s - 1 e - ' e e
(I1.2.8) 1p = vy +vp (v mgePe) + Y2 (g = g¢Prey * acPe)

ﬂll.}.S) cg "B H (atP: “de ¢t “t) + Q-8 w
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s - e e e
(11.2.8) . e = 5, + { Ay + B (g = 4ePrar * acPe) * acPe

[ 4

wvhere (to strictly follow the microfoundations of the model): o = B;

' neow N =

The firm's behavior has not been changed, and so thus equations

(iI.2.3) and (11.,2.4) are exactly the same as before. The supply of

labor has been modifled to allow for the real interest rate (rather than

the inflation rate) to affect the households' leisure-consumption decisién.

In addition, the supply of credit (equation £11.2.6)) is no loanger solely
\ determined by the'banking system. Households supply of real credit is

.‘ now added and depends positively on the real interest rate. }t should be
noted that with perfect capital markets, Sanks now have to pay 1pterest
on demand depoaits: In this Appendix, we will agsume that the banks’
supply of credit equals: c{ = ht + k. (This is an assumption chosen
for co;venience only.) )l

-~ Solving equations (II.2.3) through (II1.2.6) for the equilibrium

level of employment (and using A ™ Bii m = 1) ylelds:

nq (1+w)

— (atp:+1-atp€_“t)
N1+ + 2q) + q7(1+1)

« (I1.2.7) 1, = constant -

Once more the real monetary base will not be an argument in the aggregate

supply function. Notice that because banks pay interest rates o‘nand
mic

. deposits, the dedand for money (under the assumption that econo dents

) ) hold their money ih the form of demand deposits) will mow depend positively

on the real interest rate. ' *




. Notice that in the two cases presented in this Appendix, even though

the real monetary base does not appear as an afgu;ent in the aggregate

supply function, the expected inflation rate does. Hence, if an increase

in the rate of growth of the money supply generates inflation, it will _ __
also have a negative effect on real output.

Only if both assunptions.(the firm's requirement to finance inputs
of production in advance, and the limited caéital market assumptions)
‘were relaxed at the same time, the supply of output would depend on the-
real interest rate. In thatdcase, an increase in the rate of growth of
the money supply that generates.inflation would also rise the nominal
interest rate proportionally, leaving the real interest unchanged, and
hence, money would bE superneutral.

-
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APPENDIX 1I.3

.

PROOF THAT THE FORWARD-LOOKING SOLUTION OF
THE PRICE LEVEL 1S THE STABLE SOLUTION

Recalling that the microfoundations of the model require a; = aj.

Equation (2.56) in the main text can be rewritten as:

1+ b2 .
e - — e - - -
(1103-1') atpt*l ‘tpt + (b°+aob}) (1 blal )ht + bl U: Ct

bg‘ b1‘81 . R

or, applying the lag operator L:

" (1+b7)
(11.3.2) Ll - —
by+bja;

.

e-\ - - -
atPe = (dg*aby) - (1-bja;) hy + by v, - €

where the operator Lt applied to atP: leads the expectations of the
price level without changing the information set uponh which expectations

are formed.

Hu‘iplying equation (II.3.2) by L:

(1+d2) e )
(I1.3.3) [1 = =] ,.p; * (by*a b;) = (1-bjay) h, + b u - &,
by + bja;

Equation (I1.3.3) has multiple solutions. Imposing the restriction that

the solution to be chosen {s a "stable" soluiionl the choice of the

1+b2

solution depends on tﬁe absolute value of the coefficient:
‘ : ' bz + bjay

1+b2 * !

. Since by, bl’ a > 0, and bl‘l <1, it turns out that: > 1°

by + blal
Hence, the ﬂhrvard-looking solution i{s the one to be chosen for stability

purposes. ’
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APPENDIX 11.4

SOLUTIONS FOR THE REAL INTEREST RATE AND THE REAL WAGE
RATE IN THE INCOHPLETE CURRENT INFORMATION CASE

¢

L] 1 1
. Y. - Y.b;a;~Y,b -v,8 b
. e _ e . 0°1%1 170 1571
(11.8.1) 4 =, Pe+1=acPe = | ] .
1 - blal

* 4 t L}
[’1b2 + Ylblaz t Y, - vzalbl -1+ bl’l

. . 1 -bja

N ] : 1 L
[‘1(5182 +b5y) + vy - Ypbyay +7bja) -

-8
1 + bjaz + b = ba

1] 1
1 +by +-Ypby = Yiby = bjay + bja; = by

+ |
1 +bp - bja; + 5182

' ' .
Yl - 72 + }
+ [ " ] €e
1 + by - bja; + dbjaj

and:

' ' b4 '
By ~ Bodpay * Ba(b, + a dy)

(1L.4.2) We ~Pe ( -
1 - b1a1

RY
Bl - ﬁlblll - Bz(bz + blﬂz)
+ [ ] »
. 1 - bjay

' [

N 81(1 -.blﬂl) - 52(b182 + bz)

£1 { } (Vt+xt)
1 +.bp - bja; + bja;

‘ b (u' + u') .
o 1 Y"2 7 P ]l ug .

1 +# b2 - bjay + byay

L [}
52 + Bl : ’»

- ] e
1 + bz ~ bjaj + bjaz
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APPENDIX II.S

[

DERIVATION OF THE FINAL SOLUTION FOR THE PRICE LEVEL
IN THE MODEL WITH INVESTMENT DEMAND

Sﬂbe;ituting equation (2.86) into equation (2.89), 'and assuming full
current information, equations (2.89) and (2.91) in the main text case
can be’rewritten in the following way:

~

i - - e > s 3
(I1.5.1) pp = Ay * Aphy + A2. atPr+l ~ A3 =3 Ay ey * e

t
L J < : ~
. . - -~ e _ ~ .- -~ -
(11.5.2) I, =B, + By h. + By ..pf,) = Byu. - (B + By) p
where: ) . »
-~ - ~ ~ ~ ~ -~ ] -~
AO - (bO - blao + bZIO - PZ“ZYO) X

4 -»

- = -~ 0~ - ~, -

Al - (1 - blal + bzszYl) K

~ -~ s‘ ~ ‘ ~ e ~
Ay = (bjaj; + by '+ bys, (1-7,)) K
A3 - (bzﬁzY3 f.biaa) K ' i o 3 *

Ay = (bya3) K . . .. ) :

-~ ~

. . '
B * Io - BZYQ

’
A ) ~

) 1] 1 ]
B) =¥y
32 - Bz (;'Y;) .
-~ N'v
. By = 8773

~

‘ao~ ~ -~

K = ba e R O TR
K [1 + b3 'blal + blaz T QZBZ (1 Yl - Yz)]

L4 N
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Equations (II.S5.1) and (II.5.2) are not independent since the expected
future price level depends on current investment demand.
. Recalling (frogm Section 4) that
Rg = he—) v @+ Ve + xp 7 Xe-)
1 - the method of undeterminea coefficients suggests that the final solution

.

for the price level takes the following form:

~ -~ ~ -~ -~ -~

[ (11'5-3) Pt = 60 + elht_l + 52m + aSVt + Gaxt + t’s xt_l

- ~ ~ ~

+ Bgup + 876t + Uslt_l L X

P

Updating equation (II.5.3) and taking begiﬁning of period expectations:

-

~ ~ ~ -~ ~ ~ -~

e - '
(11.5.4) atPr+1 8, + 9 ht_1 + (e1+92) m+Y v o+ (51+95) X,

= 91 xe-1 * U8 Iy . -

Substituting equation (T¥r5.2) into-equation (II.5.4) and substituting

.

the resulting expression for a:P§+1 into equation (II1.5.1) we obtain:




- ———— -

~ A - ~ A A~ ~ A ~ A

{le Ao %88, +Az(%+°BBo 6B & -8 62 &) 1"

(I1.5.%) pg¢ =

'3832
~ A Ay -~ ~ ~ ~ A A~ ~ Ak
+ lAl - A193152 + A (6 +6gB) - 6gB) & - 985291)1
(he—y+ve—xe-y)
¢ IAL - ALfBE2 + A2 (8 + 8 + tgBy - %8
-gB2®R) ]| @ - .
-+ (A1 - A1fB2 + A2 (6 + 65 + 68B)

- %8B & - fB2&)] x¢

-~ ~ A o~ ~ ~ o~ ~ o~ L~ ~ A~ A~
.

*

[A3 - A36gB2 + Ay (6gB3 + 6gB) & + 08B26&)] ug

.~~~ ~~‘ . e

+ (1-8gB; - Az(eBBlﬁi + 6By 8)] &

~ A A A ~ ~ ~ o~ ’

- (AyoAq BgBytAy & (B1+8y)) T )

~ -~

Now, since (from the pagameters of the model) A} + A2 = 1:

~ ~ ~ -

g = & =- 8 =1

3 .
~ ~ ~ o~ ~ o~ -

1 + &(B1 - A1B} - A1B2) ~ ~ ~ ~
8 = > 1 since A; <1, 6g < 0 and (By+B3) > 1

Ay + B (By-A)By-A)B))

¢
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{

-

[ - - — — —— —
. ' 4
Rd
. * 84
~  A] + 9g(By-AyB)-A(Bj) - ' ’ ~
vy = <1 since 683 > 1 -
- ~ -~ 0~ A - .
1 + 38 {BI.AIBI:AIBZ) v . ,
~ - A3 + g (A3Bp-AzB3) ' ~ Sy
L bg = <0 since vg <0, and: (A3B3-A3B3) > 0.~
1 - 3g (Bp-ABy-As8,) ' -
. P
R ~ 0~ < . - )
~ 1 - 6gBy - . : o .
87 = >0 .
1 - 3g (B,-K,8,-A,8,) .0 . :
* . .
s - - REy) v Ta-AE)? - 4R, (Ry(BeBp - By L
bg = v

2 (A, (By+Bj) - B)) o o \
~ hd '/ - - . “ ‘-\ -
and 9g < O because the  term inside the square root is positive and less

~ ~

than (1 - A4Bj). . ) ,
. . -

Notice that the positive root is chosen as the solution for 8g. The

reason for that selectiod i{s that we have followed HéCallﬁm (1983) in

-~ ¥

N\ imposing the requirement that the solution for 6g must be valid.ior a1 *

admisible values of the structural parameters. In particular, if‘Aa =0,
we should expect 6g = 0 aAd that result is obtaine&’oqu:by selecting

s - ) ' -
the positive root (see Appendix V.3 'for a more detatled explanation of

McCallum's methodology). ) .

Substituting #quations (11.5.3) and (11.5.6)-1nto equ;tion'(2.86),in
. ¢ o

the ‘main cext’-théffinal solution for the outffut level is obtained. - -

.
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CHAPTER I1I
A MODEL FOR AN OPEN ECONOMY WITH LIMITED CAPITAL MARKETS
1.  Introduction |

This chapter extends the analysis of €hapter 1I to allow for inter-

national transactions in commodities. While zero capital mobility is

assumed, the economy produces and consumes two kinds of goods: tradable
and nontradable commodities. The economy is a price taker. in the world
warket for tradable goods; however, the price of the nontradable éood is
determined by its domestic demand and supply; it is, therefore, an endog-
enous variable. All the assumptions made in Chapter 11 concerning the
limitations of the capital !arket are wmaintained.

The purpose of this chapter is to highlight the differences in
agents' optimal declsion rules which arise from relaxing the "closed
economy” assumption in the way described above. Optimal decision rules
relevant to the open economy will then be used as the basis of a macroeco-
nomic model which will be solved in the next two chapters under alterna-
tive assumptions about the exchange rate regime. Chapter IV will analyze
the price and output solutions for the model implied by tﬁe assuamption of
flexible kxchange rates, and Chapter V will deal with the same economy

b
under fixed exchange rates.

The remsinder of gpis chapter is organized as folloui: Section 2
describes the orgsnization of markets and the timing of transactions.
Section 3 derives the optimal decision rules implied by the maximizing
behavior of the agénts 1n‘an open economy enviggnnent. Section 4 derives
the domestic aggregate supply and demand functions for tradable and non-

tradable commodities and the aggregate demand for money. 1In this Section

9
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it will be shown that equilibrium in the market for tradable commodities
depends on the choice of the exchange<ra;e system. Finally, Sgction 5
sets out the complete macro model to be used in subsequent chapters.

The notation from Chapter 1l carries through this chapter. Hence,
only new variables will be defined in what follows.

2. The structure of the economy

-

As in the model of Chapter II, all transactions are carried out
with money. These transactions now involve four u;rkets: tradable
commodities, nontradable commodities, (domestic) labor, an& (domestic)
credit. The economy's current output c;nsists of both tradable and non-
tradable commodities produced by firms using douesc;c labor services
provided by households as the only factor of production. Both types of
6ounodities are treated solely as consumptidn goods. Domestic house-
holds buy the nontradable good from domestic firms and the tradable :
good from both domestic firms and the rest of the world (imports).
Domestic firms sell the tradable good to domestic residents and to the
rest of the world (exports). Furthermore, it is assumed that the goods
in questL;: are imperfect substitutes in consumption, so that they enter
as separate arguments of the households' utility function.

The credit market is exactly as described in Chapter II. The bank-
ing systed is the only supplier of credit and firms are the only aéents
-

demanding it. However, in the open economy, the central bank has an

extra duty: it not only finances the gowernment deflcit through the

issue of high powered money and imposes a required reserve ratio on the

commercial banks; but it als¢ acts as the foreign exchange authority.

That {s, it buys and sells foreign exchange in the amount necessary to
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keep the exchange rate constant in a regime of rixed exchange rates, or

it allows the exchange rate to fluctuate to keep equilibrium in the money,

market in a system of flexible exchange rates. In either situation, the
monetary base has two asset counterparts: the government's outstanding

debt (GC.) and the foreign exchange rese;ves (F¢d. )
It is still assumed that households and firms keep all their money
in the form of demand deposits issued by the commercial banks, and that
the entire monetary base is held as ‘reserves by the banks. Uomestic
residents do not hold foreign exchange. It is assumed that they buy
foreign money at the end of the period when they decide to import the
tradable good. However, holdings of foreign money are not a constraint

on buying tradable commodities, 1/ .because the commercial banks sell it

instantaneously -on"demand at the” end of the period. Total holdings ot

T~

demand deposits issued by commercial banks are the relevant constraint

for consumption purchases (of both tradables and noatradables). Also,

demand deposits are still the only (tradable) store of value for house-
holds. Note finally that only domestic residents ho}d doméstic demand
deposits. °

Domestiélpurchases of the nontradable commodity involve a transfer

.
of demand deposits from households to firms with no variation in the total

L 3
amount of money in the economy. The purchase of an import requires a
purchase of forgign money by the domestic household. This purchase will
reduce the total amount of demand deposits (on the liability side of the
balance sheet of a commercial bank) and the holdings of reserves (on the
asset side of the commercial bank's balance sheet). . An export will

~

generate the reverse changes. .

< _ "

2y
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! Triding is sequenced as follows: the labor and credit nariécs open
. 'ind clear at the beginning of the period; the markets for tradable and

4

 snontradable commodities open and clear &t the end of the period. The
sequencing of decisions. corresponds with this trading arraﬁgeuent. At
the‘bfginning of the period firms decide on their demand for labor and
credit, and households decide on their supply of labor. At the end of

the period, households decide on the demand for consumption goods (trad-

afle and nontradable) and money.
)

To highlight the differences with the closed economy case, the
dctivities of the economy during any given pesiod‘t will now be described.

At the beginning of period t, most activities are the sanme ngfn the

closed economy case: firms and banks distribute profits realized at the

end of period t-1 to households (the old generation); firms pay back past

.o loans from the commercial banks, and demand labor from households (the.

youhg generation) and loans from the banking systew; and the government

l provides met jransfers to the old generation. Under a flexible exchange

! . ' '

: rate regime, the monetary base is totally determined at the beginning of
S  J . ‘

the pe;iod. Hovever:\pnder a system of Fixed exchaﬁée rates, the begin- .

ning of period mohetary base differs froé the end of period monetary base

if there is any net change in the economy's stock of foreign)ylserves.

While the component 65 the monetary base corresponding to the government's
' cred;t outstanding is determined at the hcginning of t;e period under
either regime, changes in foreign exchihge reserves, in a fixed efchangé-

rate regime, occur at the end of the period when transactlons i{n tradable

commodities take place. v

-




D e SR e R e as e o T

. eem—— e e ——— - —— - i e A ————— ——— — - —— . -

’ 89

-

A -
After the credit and labor markets clear, production takes place and

no further transactions occur umtil the end of the period when the markets
for tradable and nontradaE@& cou-oéities open. At this moment, the yoong
generation decides oh its current and future copsumption plan ahd thus,

on its demand for doney. Both generations demand commodities, and the
price of t;; nontradable good and the equilibrium level of the exchange:
rate {flexible exchange rate) or the equilibrium level of foreign reserves
(fixed exchange rate) are deterdined.

.

3. The maximizing behavior of the economic agents

The problens'tp be solved by the representative bank, firm, an;
households are now considered. The information assunpéi;ﬁs are similar
to those used in thé closed economy case. Agemas do not observe the
current perigd price levels of the commodities at the beginning of the

period, nor do they know the future period prices of the coﬁnodigies at -

© the' end of the period. ‘Hence, they have to form expectations about these

variables. 1In additionm, agents have to form beginning of period expecta-

tions qboqt the exchange rate. 2 ..
3.1 The bank - T,

‘ . . A .
The assumption of zero capital mobility implies that there is no -

foreign borrowing in this economy. 'In addition, assumptions about the
imperfections of the domestic capital markets (banks do not engage in
waking loans to households, demand deposits are noninterest bearing while

banking loans to firms are interest bearing) are retained tere and imply

that the representative Rhank's maximization problem may be written: .

C oy
Max %t 1, . : N 4
('3.”‘{(::’ atE(PIcy)  E(PIcyy) ¢ -0 ¢

~—




_. the open economy case, deserves some attention: at the beginning of the

S0

P

wvhere: L. E(Pl .41) = beginning of period eQZZZI:II;;;T;f the pertod
t+]l domestic price index

The bank maximize "expected real profits" because it belongs to‘~
households who will only receive'§ank'0 profits at the beginning of the
subsequent period. The only difference between equation (3.1) and the
correspond{ng equation for the closed economy case (equation 2.2) is the
choice of the deflator. In the closed economy case, households Eoﬁsuﬁéd
only one type of good, A nontradable dom;stically produced output; howevér,
in the open economy c‘ee, QOuseﬁoldof income from all sources (includiné

profits) are used to purchase both tradable and nontradable goodé; hence,

e

the relevant_dgfiaiér‘lu‘a‘"consdner_price index" (or "general™ price

lev#) that ;111 5}eya11 in period t+i. The consumer price index will
N . - o .

"be defined later on; when ve dgal'wiiﬁ the housetolds' decision problems.

The constrainiq faﬁed by the representative cbmnerciaj_bcnk ar# also

similar to the clogsed economy case, but a specific point, particular to

period, ‘ehe central bank has two options with respect to the required

. W !

reserve ratio. It can be imposed with respect to the monetary base at

the beginning of the period. - _ - . . .

- 2

*
- .
L]

(302) ‘aat - th_l + AGC: -‘GCt + Ft-l . -
- ‘ M -

+

or with foapect to the'expected level of_the’ndnetary base at the end'qf'

the period. ' . .

.

] N
(3.3) b“t - lHt + AP: - GCt + Ft

-




Qhere: aly = beginning of period nominal monetary base
pHy = end of period nominal monetary base

GCy = government's oufctanding debt in period ¢t

m
r
[ ]

stock of foreign exchange reserves in units of domestic
cuérgncy at the end of period t

‘In a flexfble exchange rate system, equations (3.2) and (3.3) coin-
cid;a, but in a fixed exchange rate system there may be a difference
between sfte and pHe. It is assumed here that the central bank imposes a

beginning of period reserve requirement ratie and hence, the commercial

bank face the following set of cohatrainta:

.

(3.8) gRg > K 4D .

g 8 -
(31'5) aRt + ct aDt

(3‘06) ) aRt RRt +-Rst -

(3.7) 4Rp = GCp + Fpop = GH

where: aRe = beginning of period resérves iff the vault of tie commer-
cial bank % s
. o ale = beg{ﬁniﬂg of period level of demand deposits

The maxiamization procedure will result in a supply of credit func-
tion identical to the corresponding equation derived in Chapter 11 (equa-
Jtion (2.12)): > - .

-

(3.8) C® == W
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)

- This result implies that the choice of deflator is irrelevant to the

’

supply of credit function. In addition, notice that the assumption of a

»

beginning of. period required reserve ratio is defensible given the fact
that the bank supply ckedit»at the beginning of the period. Tﬂe supply

of bank loans would involve a more complicated decision if the bank first
had to form expectations about the end of period level of foreign reserves

before being able to supply credit, and so this assumption also lends

.

simplicity to our model.
3.2 The fira
The represgentative domestic firm is assumed to“produce both tradable

(Y:) and nontradable (Yt) commodities. The firm engages in a production
‘ .
process that yields joint products. In addition, a single input, domestic

labor auﬁply (Lg) is used in the production of the two outputs. In

implicit form, the production function faced by the firms is:

.

*L)=0

(3.9) F(Y,, Y., L,

Specifically, the following function is assumed: .

12 12,1
(3.10) Ly = (¥ + (PYes
H
- 1
Equation (3.10), the product trangformation curve states costs of
production in terms of labor units. 2/ ¢ 18 a éroductivity shock (as in

_ - |
Chapter II) and is assumed to affect both outputs equally.

.
The maximization problem for the representative firm’ becomes:

'y
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k
03011) Max . atE[PIt+1] -
1Ye, (Y®)E}
s/
*

Max Pe o  PeSt s We 4 i 4

8 s E { Y, + (Y*) 1¢ - —C¢
(¥, vn ¥y ac Tpr e T ORI TN e TR Tt TR, e

where: YS = domestic supply of the nontradable good
(Y*): = domestic supply of the tradable good
P, = price level of the nontradable good

?: - pricé level of the tradable good

S¢ = exchange rate: the domestic currency price of the foreign

exchange »

Thg firm maximizes expected re;l profits. Once more, ime expected price
. index of period t+l is the relevant deflator because the f&€rm's profits
realized du;ing period t are distributed to its owners (households) at
the beginning of period t+l.
. As in Chaptefill. the total cost faced by the firm is the total wage

bill plué the interest payments made on bank loans needed to pay labor in

advance.
Equation (3.11) is meximized subject to the product transformation

curve (equaéion (3.101 and tq the firms' financial constraint:

- -
- d _ d
(3.12) Ct tht

.3y
which {s 1deﬁlica1 to its closed economy counterpart (equation (2.16)).

Given that the only reason for a firm to demand loans is to finance labor,
this constraint has to be satisfied as an equality every period. (Notice

A
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that the assuuﬁiion of joint production allofg us to treat the demand for
credit as a single variable, without havjing to decompose it according to
{ts uses (the production of tradable or nontradable goods).

in this chapter, the information set that the firm uses at the
beginning of the period to form its expectations is assumed to be the

same as the information set for the closed economy case:
(3.13) sge = wdg-1, We, 1gs #p 1)

That is, it is assumed here that under .either exchange rate regime, the
price level of th; tradable‘good and the exchange rate are not observable
at the beginning of the period.—-However, an ;lterpative information set
will also be considered in the next two chapters.

The maximization procedure leads to the following supply function

-

for the nontradable good:

atE(Pp)

s, 8t-rt’
(3.14) ¥E = Gy

The supply function for the tradable commodity is:

*
atE(Pe S¢)

l s W ————————————
(.15) (I = K= %

Several results emerge from these decisions ru}es: first, as in the

commercial bank maximizstion problem, the choice of deflator does not

- A~

affect the results. Second, the suypply of each commodity depends

positively on ite oYy price and on a "common" productivity shock, and

negatively on the "effective" cost of labor:. W.(l+i,)

1 4

W . n? '
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Substituting equations (3.14) and (3.15) into equation (3.]0)

yields the demand for labor:

. * :
d . 1 atEC(P¢) 2 atE(P¢Se) 2 1
(3.10) e = gy 07 S 07 w0

1, LatE0)? o GRSy
7 W (1+1 )2 v

°r
The demand for labor depends pos;tibely on the'expected money pr{ces
of the final outputs and on the produgtfvity shock, and negatively on the
effective cost of labor.

Finally, equation (3.12) can pe used to derive the firms' demand for’

credit:

.

Ty 2 * 2 <
We 901 CaeE(PL))H (GeB(PS )¢

2(W (1+ 9]2
t t

y cd .
(3.17) cd

3.3 Households
—_— BN
" As {n Chapter II, households live two periods and maximize expected
utility. The representative agent of the old generation spends his total
money holdings in exchange-for congumption goods at the end of any period,
while the representative agent of the young generation chooges his supply
of labor at the beginning of that period and his demand for c;nmodities
(current and futu}e) at its end. In contrast to the closed economy case,
in the open economy the young égent decides not only on his total level
..of consumption, but also on the composition between tradables ;;d non-

tradables.
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When young, the agent maximizes the following expected utility

function:
(3.18) U = wyln [Y[(¥5) 70y 4 aa@oy) + v (vh), 370

where the subscript 1 is used to indicate the agent's first period of
1ife and 2 to indicate his seco;d and las; period. uy refers to a
random shock affecting the utility derived from current consumption, 8 is
the rate of time preference (0<8<1) and (L-Ly) is the amount of leisure
available to the agent after he has supplied labor.

The utility function (3.i8) is additive separable in‘consumptioﬁ and
leisure aﬁd shows constant marginal utility of future consumption. In
addition, the separ;bility property makes it possible to rewriteh(3.18)

as:
(3.18") U = uy £ (), (109 + £ [T-1y] + £ 1Y), (Y]]

where f,, f}, and f. are the subutility functions assoclated with current
consumption, leisure and future consunmption, réspectively. The use of
Cobb-Douglas functions to specify f, implies that the derived elasticities
of demand for current consumption of both tradable and nontradable
commodities with respect to total expenditure on current consumption fs
equal to one. By the same token, the elasticities of demand for future
consumption of both tradable and nontradable commodities with respect to
total expenditure on future consumption is equal to one.

The representative. agent of the young generatfon maximizes the

expected value of (3.18) subject to his lifetime budget constraint:

.
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(3.19) B,¥9 + (P3S,0(¥0)¢ = wiLd + Try, + Mx, - P ¥¢
- (P"s.yyyd
(Plsl)(Y)l
where: Tr = net government transfers
h

Ty, = income from profits received by the household in period 2,

and to the condition that the young agent's demand for money be nonnega-

\

The inequality constraint (3.20) is necessary to satisfy the assumption

tive:

8 _ _ p* d
(3.20) W LS Plyg P (Y0)f > 0

that all transactions are carried out with money, given that the young
generation starts life with no money. As in the closed economy case, it
is assumed ihat (3.20) is alwayé positive. The justification for 'this
a;sqution i3 provided in Chapter II, and hence no further comments are
necessary here. )

The :representative young agent faces a two-stage decision problew:
at the beginning of the period, he chooses hisllab;r supply, taking into
account the available and relevant 1nf§rmation at his disposal at that
moment. At the end of the period, the agent decides on his demand fou
commoditie; and money taking into account the informat1;; available at
that tiﬁe. To illustrate the agent's maximization problem, let us first
consider the end of the period when he already knows his labor supply.

At the end of period 1, the.a.gent wil®choose his current and future
consumption levels of tradable and nontradable goods. He knows that in

period 2, he will hawe a nominal wealth: "A3" and will have to choose ¥;

and Y; in order to:




®

(3.21) Max ng(l") g

subject to:
(3.22) A, =P, Y§ + (p;sz)(y‘)g

From (3.21) and (3.22) the demand functions for the agent's second period

of life are obtained:
(3.23) Y4 = 1A,/P,
*.d _ _ *

As stated above, these demand functions show a unitary elasticity of
demand with respect to expenditure on future consumption (A).

Given (3.23) and (3.24), the maximized value of Y; (Y*)z(l-r) 1"

(3.25) (1 (¢, A7V w a7 (1-0)77T) pI(R7s, )1V

' \
Ay/3 P1,

where: IR S YO O Rl € Sl D)

N .

_Plz

price index in period 2

T/p® 1-7
PZ(PZSZ)

The price index PI is homogenous of degree one, due to the Cobb-Douglas
specification of »the utility f ‘ction. Such a price index i{s the relevant
deflator for the maximizati problem of all the agents in this economy.

Subscituting (3.25) into (3.18) and noticing that the budget constraint

(3.19) requires:
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- hy - - e d
(3.26) Ay = W Ly + Try + Moy - pivd - (pls y(ynd,

the first period problem 1is obtaigéd. This requires the agent to choose

yd

1 (Y*)? to:

(3.27) = u;ln [YI(Y*)§1")] + 1In(T-Ly)

Max
A HCOLRY:

u h d  * and
8 1L1+Tr24 ¥2-P1Y1_(P151)(¥Y*)]
+ Jl bl [ PIZ ]

8 _ d _ p* d
+ Ay(W,L] PiY] - ByS (YY)

where A3 is the Kuhn-Tucker multiplier associated with the constraint
(3.20).

The inforuati&h set avail;ble to the agent at the end of period 1l is
independent of the exchange rate regime, because under either regime it 1is
assumed that the current exchange rate and the price level of the tradable

good are kmown at the end of the period. That is:
F AR
(3.28) uy; =4,,, P, sl/P1

where the information set at the beginning of perfod 1 (iig;) is identical
to the set faced by firms and is given by equation (3.13). .
The maximization procedure, under the assumption of A3 = 0 (see

Chapter II, Section 3.3), leads to the following decisions rules:

4.1t bIECIZ)
(3.29) Yy 5 M1 N



d .1 a-1 b1E(PI2)
(3.30)  (Y%)§ s

*
1S

That is, current consumption of tradable and nontradable commodities
depend positively on expected inflation, where the relevant future price
level is the "general” price level or "price index", while the relevant
current price level is the own commodity price. More specifically,
current consumption of each commodity depends positively on expected
inflation of the general price index, and negatively on its ©own price
relative to the general price index. 3/ The decisions rules (3.29) and
(3.30)-also depend positively on a random term (i) which affects the
marginal utility of (total) current consumption. 4/
) Now, we can turn to the young agent's maximizatfon problem at the
beginning of the period. At that time, the individual's demands for

commodities are stochastic wvariables. Defining:

-~ . .
od L1t b1E(PI2)
(3.31) v¢ e S T

~d_ 1 Q-1 b1E(P17)
(3.32) (y%)§ = ; -
1S

the agent's problem is:

(3.33) 1:;1 B agE (DO F{D) + 1n@1))

h - * ~x
. 8 E WiL1+Tr2+ |2-P1Y1-P151Y1)
jr al ' P1,
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and the fblloving labor supply decislon rule (s obtained:

' E(PI7) : . 1
s T _J a1=t*-2’)
(3.348) Ll L 5 ™

a

That 1s, labor supply depends positively on the expected future real.

)

wage where the relevant deflator is the expected future price index.
Equations (3.29) and (3.30) represent the consumption demands of the
young generation. To obtain the total uarkeé demands for consumption
¢ goods we have to add to these the old generation demands. Such demands
have already been obtained in equations (3.23) and (3.24) where the"
solution to the agent's second period problen'vas presented.

It can easily be proved that: 5/

= . hy -
(3.35) A, =W _ L.y +Try + Px - P

- " d
¢ " Pe1Yem1 T (PiogSeop) (O

: alle

Hence, the old generation demands can be written as:

H L]
d . a‘t
(3.36) °Yt T ;:—

H
(3.37) °md - -
Ptst

where the "o" superscript refers to the "o0ld" generation. That is, the

agent's second period consuaption of each commodity ia'a constant

1

fraction of the beginning-of-period real monetary base, where the frac-

tions are equal to the corresponding Cueidﬁtl" used in the utility

function. ‘
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.general price index is now the relevant variable affecting the agent's /ﬂrx"
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Adding equations (3.29) and (3.36) and equations (3.30) and (3.37),
the total current demand for nontradables (Zg) and tradables ((Z*)g), R

respectively, will be obtained.

' E(PI. 41) H
(3.38) Zg -‘i—l u be®  ttl” + 2L

t ¥, P,
(1~ E(PL ) H
<3.39) (Z*)g - i él T) Ut bt' ~ t+l + (1_1)8_*5_.
Ptst . Ptst

<

Finally, the household's demand for money (hbg) can be derived by

\

substituting equations (3.29) ?nd (3.30) 1n2f~{pe individual's first

period budget conmstraint: - 3 Kﬁ(//fh\\
. A wor oo L4
_ had o yd ot i B e
(3.40) Dt tht Pth Ptst(Yﬁ)ﬁf' S Lo )
: s - -
't ' (rd
= Wele - %—-“t th(PItﬂY“"*%"(l"‘)“t beE(Pleer) o,

= Wele - ‘,15_ be beE(PIee)

or: h.d v

Dr M 1" beE(Plenn)
PI, ~PI, t ~ 8 Mt T PI

That is, the household's real demand for money function is similar to that

derived in the closed economy case. The only difference is that the

decision to hold money. . ’ g .o
4. "~ The aggregate supply and heland functions ' - e

4.1 The aggregate supply functions

In Section 3, domestic supply equations for the tradable and non-

tradable commodities were derived as functions of the wage rdte an&lthe

{nterest rate. However, the equilibrium conditlons {in the labor and

s
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’
credit markets assumed to hold at the beginning of the period, determine
both the nominal wage rate and the interest rate. This section will

obtain the solutioms for the wage rate and the interest rate, and thus

the final form of the aggregate supply functions. S .
. . . . ’ . L]
As in the closed economy case, the model wildl be cast in log-linear

terms using’ lover case letrers Lo represent the log of a variable (once
o ’ -
wore, the exception will be i, which stands fbr the observed value of the

interest rate).

Based on equation (3.16), a log-linear version of the demand foﬂl'

labor i8: ’ . .
d 2 s 1»?y -
(3.41) 15 = &, + In{( E(P.))® + (L E(P,S )] =~ 2(w, + 1,) + q,

where: u, - log ¢ N(O,cﬁ), and u

¢ 18 independent of the rest of dis-

’

turbances {n the model. )
Now, the term: 1“[(atE(P:))2 +.(at£(P:Sé))2] can’ be approximated
as:
.‘! \
(3.42) 1n{(, E(P,))2 + (. E(P*S ))2] ~& + &) In(_ . E(R ))?
. . at°'te at®'Fe%¢ 77 1 TR T Sy Ina MR
’ el * 2
£ A0 GeE(RS)

. - - e x e e
- z"“l f\“z atPe T 283 (P ) + gpsy)
T;/J‘ ’ d’ﬁ - fp[ - ~
4({" - - - ‘t
where the-expectations og§iato;/t has bdeen replacea by the supecscript-"e".

. . . :;\ . -
The exprggnidq"rcpreeented by equation (3.42) can be interpreted as -

the relevant price;;ndex (fpit) for the firm's dec{sion problem. However,

to deal with a firm's price index that differs from the consumer's price

index would unnecessarily coaplicate the model; hence, it will be assumed

’

that:




£2
§2+83
£3 . .

n
[

and: &2 ¥ §3 2

11
-

£+ 63 (1-1)

.where T and (l-1) are the "weights" used in the consumer price index.

Therefore, (3.42) can be written as:

(3.43) fpr. =g+ 201,08 + (1-1)(, (P + . 88))

Substituting (3.43) into (3.41), the firm's demand of labor can be

approximated as: 6/

4. e _, -
{3.44) 1P a, + ul{atpit v, 1c] + u,

where: 03'5 o * &1
ay =2 : ’
pi, = Consumer's price index

Tp, ¢t (l-r)(p: + ‘:)

’

Similarly, based on equatton (3.12) a log-linear approximation for

the demand for credit is: . . y

d . s e _ _
(3.65)\ ct By * Qllatpit ,it] + (1 al) v, £ U,

Log-linear versions for the Bupply of labor and credit are based on

eqqaiions (3.54) and (3.8), respectively. Hence: -«

a-

(3:46) 18 5 vy * 1y - iptEyy)

and:

(3.47) ¢ =k + h
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y The system of equations (3.44) through (3.47) can now be compared to
its closed economy counterpart forne& by equations (2.42) through (2.45).
Recalling that in the closed economy model, a] = B; and y; = y2, the
only differences between the two systems are: (a) the relevant price
level in the open economy case is the general price index in contrqst
with the price level of .the singie qutbah\iq the closed economy case; and

(b) in the open economy case, a-productivity tern'affecte the demands

for labor and credit with a unitary coefficient, while in the closed

economy case, a productivity term affects such demands with a coefficient
. ; P

equal to the sensitivity of the demand for Iabor to its "effective" cost
(Gl). - . .
Equations (3.44) through (3.47) and the market equilibrium condi-

1

tions can now be used to solve for the equilibrium levels of the nominal
wage rate and the nominal interest rate as functions of the monetary .
base, the expectations about prices and the random term to g;oductivity.

Equilibriuam betue;n the demand and supply of labor gives rise to
N
the following equation for the wage rate:
. ao+Yo ay al R
(3.48) w, = - i, + acPl

Y1 e 1
+ qlﬂl .tpit"‘l + °1+Yl ut

-

. Also, equilibrium Between the demand and supply of credit generates the

-

following equation:

. Bo~k 1 . e 4 (Ia) 1
(3.49) i, = —;I~ - ;I h, + atPic *+ w, +=—u
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Mogt features of equations (3.48) and (3.49) are similar to their
closed ecanomy counterpart of Chapter 11 and do not need further discus-

sion. The only differenceylies on the effect of the productivity term.

In the closed economy case, both the productivity term and the effective
nominal cost of labor (w +i,) affected the demands for credit and labor
in the same way. Hence, the impact effect of’a positive productivity

change was a proportional rise in the inietest rate (given the inelastic

"supply of credit).. However, in the. open economy model, the choice of the

-

product transformation function implies a unitary elasticity of the

-demlinds for labor and credit with respect to the productivity term.
! [N

Hence, the impact effect of a positive random productivity change on the

1ntete;t rate will now depend on the sensitivity of the demand for labor
to the effective cost of labor (“1):

Given the cl;se ingerrelatgpn'betﬂeen the labor and credit markets,
the quilibriuu leve;s of we and i require the Qinultaneous solution of
both narkecs..ll Solving the nodel‘represented by equations (3.44)

L

through (3.47) yields:
’ ‘-
e ! ! e e
(3230), wp = g¢Ple * 85 *+ By (gePlesy ~ aePic)

' .
- e
* Ba(ghe ~ 4P

and:
3 5 L] _ t - e
(3.51) 1, '_YO V1(ahe ~ aePle)
1 e e 1}
+ Ya(gePlesy ~ acPie) + Y3 U

where:

E W . :
S o




] A ] X
and BO' 81, 82, Yo» Yl' and YZ are defined exactly equal as the corres-

ponding cqefficients qf the' closed econoay .cagse. §/

As in Chapter II, Bi + 8; = 1, implying that, ceteris

paribus, an increase in the current price index will have no effects on
(34 .

the nominal wage (the real wage will decrmase proportionally). Also, as

~—

in the clased economy case, ug does not affect Phe equilibrium level of
the wage rate, while it affects the interest rate positively. However,
in the closed economy case, a random change in productivity affected the
'Y

R .
interest rate with a unitary coefficient leaving the level of employment

unchanged. This result aroseAbeéghse both the effective cost of labor

and the productivity term encgred’the demand for labor with the same

coefficient (a1). In the open economy case, the particular specifi-
cation chosen for the product transformation curve implies that the
productivity term affects the denapd qu labor with a unitary coefficient.
Thus, when a positive productivity shock occurs, the interest rate has to

increase by (l/a)) in order to cleér the labor and credit markets

simultaneously.

The solutions for the wage rate and the interest rate can now be

substituted into the following log-linear approximations of the supply

functions for nontradable and tradable goods obtained in Section 3

(equations (3.14) and (3.15)).

8 . _ - e
(3.52) Ye we i+ o Pp tu

’ -
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The unitary coefficients (in absolute value terms) accompanying the
arguments of y: and (y'): are due to the specification of the pro-
duction side of the model, which implies a unitary own price elasticity
and a unitary factor price elasticity for the output supplies.
Substituting equations (3.50) and (3.51) into equations (3.52) and

{3.53), the aggregate supply functions of outputs are obtained:
S u - e e _ e
(3.58) yp = ag * ay(ghy = gePlesy) * (gePr = acPie) * 239
)8 o x - e T *e e_ e
(3.55) (y®)g = ag + a1(gh =g Plryy) + (e (P DptgeSemarPie)* aju

where: ag ~ —(80 + Yé)

Y1
a) =
ajtayyy
83 - 1-Y3

The<most important features of equations (3.54) and (3.55) are as
follows. Firét, the only diffetrefice betueen‘the two functlons lies in
the third terms on the right~hand sides of the equations: the relative
price terms where the own price of each commodity is related to the
general price index. This difference is due to the fact that, although
both commodities share the input markets indistinguishably, they face
separate output markets. Each commodity supply has a unitary elasticity
with respect to the corresponding relative price term due to: (a) the

unitary own price elagticity of supply; (b) the unitary factor price
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elasticity of supply; and (c) the homogenity of degree one of the nominal

wage rate with respect to the price 1ndex\\\8econd. the supply of both

N
AY




R i

—— e

o —— - 2

.
s e .S AP g A e ey ~Rewge e

109

types of commodities depend positively on the expected real monetary base
evaluated at the fyture level of the price index. This result {s iden-
tical to the one obtained in the closed economy case since in Chapter 1I,
Y] = Y2; hence, no further discussion is needed. Third, the random

term affect{gg productivicy affects the aggregate supplies with a posi-
tive coefficient less than one because in the open economy u, has a
nonproporrtional effect on the interest rate.

4.2 The aggregate demand functions

“Equations (3.38) and (3.39) can be ;reated as the aggregate demand
function for nontradables and tradables, respectively, because of the
“representative individual” assumption. Equation (3.40)_tepresents the
households' aggregate demand for money. To obtain the total demand for

money, the end of period demand for money by firms (equal to the value

of finai outputs) has to be added to equation (3.40). Thus:

(3.56) 8 = hnt + fp

t . 4
d - _ d _ p* ard s * s
Df = WL, = PYL - PS (YM)p + P Y] + P.S (Y*)!

The three markets (the two commodities markets and the money market)
clear at the end of every period. The equilibrium conditions for the

nontradaaigsgood and money markets are always:
y8 . »d
(3.57) Yt Zt
and

.-d
(3.58) og D¢




However, the equilibrium condition for the tradable commodity market

depends on the exchange rate regime in the following way:

(3.59) (YM)F = (Z*)g undeér flexible exchange rate
4F¢ s d
(3.60) —— = (Y*) - (Z*) under fixed exchange rate
P'S
tt

To prove that equations (3.59) and (3.60) effectively are the equi-
librium condition in the market for tradable goods, consider the follow-
ing: assuming equilibrium in the market for nontradable goods, Walras'

law assures that equilibrium between the demand and supply of money

L 4
implies equilibrium in the market for tradable commodities. Hence,J the
e equilibrium characteristics of the money market under alternative ~
% exchange rate regimes will now Be analyzed.

- Under g flexible exchange rate system, the exchange rate will

A s w

completely adjust to clear the money market and, therefore, an endogenous
variation {n the level of reserves will not occur. Under that circum

1 ‘ gtance, the end of period money supply will be:

v

s = 8
(3.61) Dt z aHt + Ct

Equilibrium in the money market will be obtained by equating equa-

tion (3.56) to (3.61). Hence:

8 ' - d _ p* d 8 lod 8
(3.62) a“t + Ct - ”:L: Pth PtS[(Y*)t + P[Yc + PcSt(Y*)t

Recalling that C: = WL, and using equation (3.38) and the équilibrium

condition (3.57), equation (3.62) can be written as:




B T —— -t

TgH :
(3.63) (Y02 = - =5 + (10

or

H
(3.63") (Y8 = (1-1) 25

P.S

) d
+ (Y*)t
t

The right-hand side of equation (3.63') is equal to the aggregate demand
for tradable commodities; hence, the equilibrium conditions (3.57) and
(3.58) imply (Y*)g - (2*)3 in a system of flexible exchange rates. .—

-

Next, consider a fixed exchange rate regime. In such a state the

N level of foreign reserves will adjust to clear the money market; hence,

the end of period money supply will be:

8 8
(3.64) Dy = H + C_ + &F,

Equilibrium in the money market will now imply:

- 8 * 8 _ d _ p* d _
(3.65) aF, = P Y, + P.S (Y*), - P Yy - P, S (Y*) - H

Using equations (3.38) and (3.39), equation (3.65) can be rewritten as:

: 18
- 8 * 8 _ d - alt .
(3.66) AFt Pth + Ptst(Y*)t P:(Z: Pt ).
_ o® 24 d _ _ afle - H
P.S, ({z%)p - (1 t)‘—'—P*S > - GHe
tt .

The equilibrium conditfon (3.57) will then imply:
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The results obtained above have a straightforward explanation: under the

stunp:ion of zero capital mobility and fixed exchange rates, the overall

balancé of payments is identical to the balance of trade, which in this

model 1s equal to the difference between the value of the supply and

demand for tradable goods; that is, only net exports can be explained in

.

this model, but not the composition between exports and imports. Such is

the nature of equation (3.67). Under a flexible exchange rate system
the level of fo;eign reserves will not change (AF=0) inplying that
(Y*)g-(z*)g. Notice that this result does not mean zero trade; it
means only that net expo;ta equal zero; that is, the value of exports
must be equal to the value of imports.

S The complete macro-model

The results from the previous sections can now be consolidated into

»

‘the macro-model to be analyzed in the nq;;—eh,pters.- By Walras' law we °

can use only the tradable and nontradable commodity markets to represent

e

the entire macro system. 2/ The complete model consists, then.‘of the

following set of equations (expressed in log terusS:

»

d . e _ “ho-
(3.68) zp = 6g + &) (pePlgyy ~ P * $3(gh, = P) *+ €

d . e L L _ ok )
(3.69) (zﬂ)t bg + bl(bcpit*l Pe sF) + bz(ah: Pe. st) + e

(3.70) y: = ag * al(ahé - .:Piifi’ + (atp: - atpii).+ aju,

(3-71<\\(Y'): =g * a1 (h e PiEe)) * (g (R f+ae8E-aePLE)* a3u

|

-
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*
(3.72) pi, = 1 Py + (l-‘t)(pt + st)
(3.73) ghy = wp + wy gce * (1 = wy)femy
s . ,d
(3.78) Ve zy
(3.75a) (y*): - (z*)g under flexible exchange rate

or:

8 d - *
(3.75b) £, = dl(y*)E - dz(z*)t + (1 dS)(Pt*st) +d3f

under a fixed exchange rate

Equations (3.68) and (3.69) are log-linear approximations of equa-
tions (3.38) and (3.39), respectively, with ¢, being a serially indepen-
dent log normal disturbance.which is also independent of the rest of

disturbances of the model, where:

- - 2
€, ‘log “t_ N(O,oe)

LY

,:'Equations (3,70) ;nd (3.71) are identical to equations (3.54) and
(3.55), respectively, and are repeated here only for convenience. These
fi;éé f;ur equa:ions characterize t£e domestic markets for tradable and
nohtradable commodities.

Equation (3,72) is a loé app;oximation of the price index already
‘diacuésed above. Equation (3.73) is a log linear appro£1nation (based on
a Taylor expansion) 6f the 1dent1ty,for the.beginning of'period monetary
base (equation 3.2). The equilibrium condition in the nontradable goods

market is represented by equation (3.74), vhile the equilibrium in the

market for tradable goods is expressed by equation (3.75a) under a
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flexible exchange ra;é or by (3.75b) under a fixed exchange rate system.
Equation (3.75b) is a log approximation of equation (3.67) of the follow-

ing form: 10/

* *
(3.76) q; logF, = log((Y )} (P.S.)) - (1-q;=9,) logF,_,
- q, log (2M¢ (*ls))

or

* * ‘ *
(3.76") logF, = d) log(Y)} - d; log(2)f + (1-d3) log(P;S,) + d3 logF,_)

where: d; = 1/q1
d2 = q2/q31
dy = - (1-q3 =~ q2); d;, d2, d3 > O

and (q1 + q2) > 1. So (1 - q3 - q2) <0O.

Equation (3.75b) is identi{cal to equation (3.76').
The model represented by equations (3.68) through (3.75) supplemented
by the assumption of rational expectations can be solved and analysed for

each exchange rate regime. This will be done in the next twb~chapters.
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FOOTNOTES TO CHAPTER III

1/ This assumption contrasts with other models that highlight the
transactions role of money in the open economy. For example, Stockman
(1980) assumes that current imports are limited by initial holdings of
foreign exchange.

-

-2/ The productivity tera in the denominator means that a positive
randoa increase in productivity will result in a lower amount of labor
required to produce a given amount of outputs.

3/ Notice that because of the use of 2 Cobb Douglas utility function,
the demand for the tradable (nontradable) good does not depend on the
current, price level of the noantradable (tradable) good.

4/ Notice also that the ratio of the demand for the nontradable good
to the demand for the tradable good equals:

d * .
Yl . TPlsl

(Y*)d  (1-1)P
1 1

which implies that the ratio of relative prices varies proportionally
with the ratio of consumption demands by the young generation.

5/ Recall that:

- * d =y
(8) We_gLey = (B Yo #Pfys, (xmd 1) = Vb,

h = * 8 -
(b) Ty 2 P;-1Y:—1 *PegSe1 (YMeog = Weoglen
- f -
LSS S M LT
- 8
(e) Weqley 2 Gy

(d) ale = pHe-3 + Tre

(e) pHem1 2 De-y = Cemg

’

- f
(£) Dyy = 7Dy + "Dy



From (a) tq (f):

- £ -
He 2 9Dpoy + "Dy = Cooy + Try

= - - p* d
] 2 Weogbeoy = Peop¥eoy = ProgSe-1(YME)
+ By 4w L -C + Tr
t t-1"t-1 t-1 t
- h . d - p* d
| FWegber Y e TR - P Yo T PeoSe1 (YW
: Ap

6/ To save on the notation, the coefficlents as, 88, and vs used in
the closed economy case will also be used in the corresponding equations
of the open economy case.

7/ 1t should be recalled that these solutions are not final solutions
because the price level (and its expectations) are taken as exogenous for
the time being. . :

g/ Remember that in the closed economy case of Chapter II: y; = v3
and ay} = B1.

9/ Assuming equilibrium in the markets for tradable and nontradable
commodities imply equilibrium in the money market.
‘ 10/ Equation (3.67) can be rewritten as:

: (¥ (pis,) = aF, + (2M8 (pf5)

By taking first differences and manipulating the above expression, we

-

obtajn: :
a(r™)? (pfs,)) oF, F,
: (r"8)(Pys, ) -~rt (¥ pes,)
; ) 0F¢-) Fe-1

' : Peop  (YHE (PS,)

\ aczMd pis, N 2Hd (pls))

*. d * ® )
(27)$ (PS,)  (Y)F (P.S,)

e e -, S——




wvhich equals equation (3.76), by defining:

4y = F /(Y52 (PFs.))

qa, = (@M (Prs, /(Y2 (ls )

(1~q,=4,) = = Fo_ /(Y8 (B S )
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1. Introduction

CHAPTER 1V

PRICE AND OUTPUT FLUCTUATIONS IN A FLEXIBLE EXCHANGE RATE REGIME

This cha}ter solves the open economy model set out in Chapter IlI
for the flexible exchange ,rate case in a flexible price-rational expecta-
tions framework. In contrast'with.moat of the literature on flexible
exchange rates which uses the rational expectations hypothesis (see for
example Parkin, Bént%ey. and Fader (1979), Cox (1980) and Burton (1980)),
we will find that the results &o not depend on price misperceptions
(8 1a Lucas) affecting ;he aggregate supply of output. Rather the
central assumption will tu;n out to be that firme need to finance labof
purchases in advance in an environment with limited capital markets, that
18, the "financial constraint” assumption used throughout this thesis.

Even though it Jill be shown that a fully anticipated increase in
the rate of gtow;h of the monetary base, or a fully apticipated temporary
monetary decrease, will result in a relative price effect favoring an
increase in the sdpply'gi one commodity, and a decrease in the supply of
the other, the negative financial constraint effect arising from such
moNetary changes will be found to dominate the relative price effect and
the lgve! of output of both commodities will decrea;e. In addition,
under the'asaunption that agents cannot distinguish between permanent and
temporary monetary shocks, even a permanent uonq;i;y decrease will have
real effects and will cause the exchnﬁge rate to "overshoot" relative to
its full currené information level. For related reasons; money {s also

non-superneutral in cash-in—-advance models that treat output as an
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endogenous variable.  For example, Aschauer and Greenwood (1984) show
that the economy's stsady state levels of consumption, employwment, and
output are inversely related to 1its steady state—inflation rate. As it
will be shown below, the model of this chapter proves thaf those re;ults
hold even in the short run.

Another feature of the model is that a change in the price of the
tradable good (or in its rate of growth) anticipated or not, will only
result in a proportional andrinverse change in the exchange:rate; it will
leave the price level oé the nontradable good and the output level of
both commodities unchanged. Hence, the exchange rate will not.oversﬁbot
in response to unanticipated changes in the price level Qf the tradable
good. As {s usual in rational expectations medels, the 1nsula£10n effect
of a flexible exchange rate against changes in the foreign price level.
(the "insulation proposition") does not depend on the degree of capital
mobility but on the assumptions regarding the information set on which
economic agents base their decisions. In particular, in the model
analyzed in this chapter, the price level of the tradable good and the
exchange rate always enter together in both alternative information sets
used in the solution of the model. If the exchange rate were assumed to
be observable at the beginning of the period while the price level of the
tradable good only became observable at the end of the peri;d, the insu-
lation proposition would not hold in this model, even with the assumption

of zero capital mobility.




" domestic price level of both commodities. Since the price level of the
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Some of the literature on flexible exchange rates under zero capital
mobility and rational expectations has obtained a response of domestic
variables to a change in the foreign price level by assuming that the
relevant opportunity ocost of holding money 1is the expected change in the
exchange rate. For instance, Barro (1978) uses the assumption of purchas-
ing power parity and Saidi (1980) assumes "currency substitution"” in order
to introduce the expected change in th; exchange rate as an argument in
the demand for money<function. Both obtain the result that an antici-
pated temporary increase of the foreign price level (or a decrease in the
rate of growth of world prices (in ﬁa{ro's model) or an unanticipated
permanent world price increase (in S;idi'g model)), will increase the
expected depreciation of the exchange rate and hence will decrease the
real demand for money, and increase the donestic‘price level. By
contrast, in the model of, this chapter, the opportunity cost of holding
money is the expected dones:ic'inflation rate which'is influenced by the
tradable gooa and the exchange rate always enter tqgether in th; demand
and supply functions of this model, changes in the price level of the
traﬁable gqod will only result in inverse and proportioﬁal changes in the
exchange rate, leaving the domestic inflation rate unchanged. I{ is true
that, in this model, a decrease of the rate of groéth of the price level
of the tradable good or a temporary iﬁ;rpase of the price levél of that,
commodity (anticipated or not), will increase the expected depreciation °

of the exchange rate, but this variable plays no role in the model and

hence cannot affect other endogenous variables.
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Pinally, the model of this chapter does not assume that purchasing

parity power holds at all times. In fact, it will be shown that the

~

- maintenance of purchasing power parity following a monetary or a real

change depends on the elasticities of demand for both compmodities.

We can now turn to-the flexihl& exchangé rate versio: of the model
formed by equations (3.68) through (3.72) and equations (3.74) and
(3.75a). As stated in Chapter III under a flexible exchange rate system
there is no difference between the beginning and end of period monetary
base because the exchange rate adjusts to clear the money market. In
what follows, it will be assumed that the level of foreign exchange
regserves expressed 1nvdonestic currency 1is exogenouély fi;éd at a level
fo. This assumption allows us to consider 'the level of domestic credit
as the only source of variation of the monetary base; in addition, 1t
evadeg the "valuation™ problem; {i.e., the'cha;ge in the domestic value of
the level of foreign reserves due to a change in the exchange rate.

]
The processes governing the behavior of the model's exogenous vari-

Y

ables need té be specified. It is assumed that the monetary base follows

the same process specified in Chapter 1I. That is:
(4.1) hy =hey + @+ vp +x¢ = Xpey

where: a is a.constant trend growth rate
ve i8 a stochastic permanent shock
x¢ 1s a stochastic temporary shock

and vy and xp are generated by white ndoise processes, that is:
v, ~N(0, &)
xt ~N(0’4) . ' ’ .
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with both vy and ;t serially independent distributed.

The process governing the behavior of the p;ice of the tradable good
p: is assumed to be similar to the process followed by h.. This assump-
tion allows for a high leével of generality in the specification of the
statistical processes and allows us to highlight different results of the
model derived from different sets of information. Hence, p: is gener-

ated in accordance with:

(4.2) P: = P:-l MR A MR P S |

where: j* {s a constant trend growth rate
- n, is a stochastic permanent shock
ty 1is a stochastic temporary shock

pnd ny and t, are white noise processes, that is:

a, ~ N(0,02)

£, ~ 8(0,02)

and n. and t,; are serfally independent distributed.

The model will now be solved in a rational expectations framework
under two alternative sets of {nformation- Sectio; 2 assﬁﬁas full curreﬁt
information; hence, the effects of fully anticipated changes {n the
exogenous variables are analyzed. Here the emphasis of the analysis lﬁes
in the importance of‘the financial constraint in determining the nature
of the solution for output levelﬂ. Section 3 relaxes the complete

information assumption and allows for a confusion between permanent and

teaporary shocks to the monetary base and for a lack of begianing of '

period information about the price level of the tradable good. The _ ' k

¥
~t



-pyel

P ey

oo P g RSP

123

consequences of such "lack of information” on the levels of output, the
price of the nontradable good and the exchange rate are analyzed. In
addition, differences between the results yielded here and those arising
in the complete current information case are highlighted. Section 4
summarizes the results of this chapter.

2. The full current information case

Under the assumption that the beginning of period expected ‘current
price levels of both tradable and nontradable goods and the exchange -
rate are equal to their actual v;lues. the macro-model of Chapter III
yields the foliowing set of semi-reduced forms for the price level of the

nontradable good and the exchange rate:

(4.3) py = E%;{[(éo-ao)(r+b1+b2) + (bo-ag)(1-1)]
+ [(82-81)(t+b3+b3) + (by-aj)(1-1)]h,
+ [(8y+a) )(T4#b+by) + (by+a;)(1-1)]  pigy,

+ [1+by+b2)(ep-azu, )}

-and: ~ T
1
‘. (4.8) 8 = Tet {{(bo=ag)(61+62+41-1) + (&p~ag)T]

+ [(b2-a))(81+62+1-1) + (82-a1)1] h¢ —

[(by+a;) (6 +641-1) + (8,+a))7] . pil,,

+

[(1-1)(by*by) + T(8,+6,) + (8,+6,)(b +b,)] pi

(a3(61+462+1) Jue

+ [8)+62¢1 e, } N

where: det = (1-1)(by+ba) + (01462)1T + (51+62)(by+by)
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Holding expectations constant for the meanwhilé, several important
results emerge from equations (6.3)‘and (4.4). First, the level of the
monetary base positively affects both the price level of the nontrad-
able good and the exchange rate if (1) the sensitivity of the demand
for nontradables with respes} to the real monetary base (§5) is
greater than the sensitivity of the supply of nontradables with respect
to the real monetary.base (a1); and (2) -the sensitivity of the demand
for tradables with respect to the real monetary base (bil i;~g;eater ™
than the corresponding supply sensitivity (aj). In the rest of this
thesis it will be assumed that these conditions hold. The ne;d to impose
the restrictions &7 > a ;nd b2 > a) arises because of the assumption
that tﬁe real monetary base affects positively the supply'funcfions for
tradables and nontradables (because of the financial constraint faced
by the firms) and these restrictions are equivalent to the restriction:
bjay < 1 imposed in Chapter II for the closed economy case.

Second, the expected future price level affects both the price of
the nontradable good and the exchange rate pos{tively because it enters
posicively into the demand function for both commodities (interremporal
substitution effect in consumption) and negatively into the corresponding
supply functions (because of the intertemporal subdstitution effect in the
supply of labor).

Third, the price level of the tradablé good affects the exchange
rate negatively with a coefficient equal to one in absolute value; and
has no effect on the price of the nontradable good or in the output of

either commodity. .This is so because p: and s. enter the model with

C
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the same coefficients; Fhat i{s, the demand for nontradables and the supply

of both kinds of goods depend on the domestic currency value of the price

of the tradable good. Hence, when p: increases, causing a "potential”

substitution in production from nontradables toward tradable commodities

and a "potentfal" decrease in the demand for tradables, the exchange-

rate decreases proportionally to keep constant the domestic price of the

tradable good. With no change in the term (p: +s.), the domestic price

index rem&ihs unchanged, and hence the rest of the endogenous variables

of the system remain unaffected. =
Finally, a positive productivity change has a negative effect on

both the price level of the nontradable good and the exchange rate while

an exogenous c;;nge in preferences (a change in ¢ ) has a positive

Limpact on both prices. .
Expectations are, of course, endogenous variables in the model, and

equationg (4.3) and (4.4) are not independent of each ;ther. The term

atp1g+1' involving the expectations of the future levels of both the

price of the nontradable good and the exchange rate, is present in both .

equations. As a result, the exchange rate, for instdnce, depends on the

expectations of the future exchange rate and on the expectations of the

future price level of the nontradable good. To work towards a solution
to the problem involved here, equation (3.72) can be used to rewrite

equations (4,3) and (4.4) in the following way:
(4.5) pp = Ay + Ajhy + Ay T . pes; * Ap(1-T) 854y

- e
* A1 (PM)eey * Ajue * A&y




N4

(4.6)

where: A,

Ag

Bg

B2
B3
B,

Bg

- e -
8¢ = By * Byhy + Byt ePrey * Bp(l-t),

atSr+1
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e

L
- BZ(I-T)at(p'):*l + Byp, + Bju, + Bge,

[(85-a5) (T+b1+b)) + (bgy-ay)(1-1)]/det
[(83-81)(t+by+by) + (bz-aj)(1-1)]/det
[(81+a1)(t+by+by) + (by+ay)(1-1)]/det
[-a3(1+by+by)]/det

-Aj/aj3 -7

[(bo-ao‘)(61+62+1-1) + (6°-a°>r1¢{%§5

[(bz-al)(61+6241—T) + (82-ay)1}/det

[(by+a))(81+62+41-1) + (Sy+aj)1]/det

{-a3(1+6,457)] /det

- By/a3

Notice that (A)j+A3) = (By;+B) = 1, implying that, if future expecta-

4

tions of the general price index were to respond proportionally to an °

increase in the level of the mopetary base, both the current price level

of the nontradable .gpod and the exchange rate would also rise propor-~

tionally.

This {8 so because, in such a case, the expected real monetary



base (deflated by atpig*l) vould remain constant and the price level of‘

the nontradable good and the exchange rate would have to increase propor-

tionally tofg;:;r simultaneously both commodity markets.
Leading equations (4.5) and (4.6) once and taking expectation$ con-

ditional on information available during period t, we obtain: l/

. e e e - e
(4:7) acPrel ® Ao * AL acleel * A27 aePee2 * 4200171 e84

_ e
* A1 (PM)es

(4.8)

e - e e - e
atSc+l " Bo T By apfcay ¥ BaT gePre2 ¥ Bp(1mT) 80,0

- e e
+ Bp(1-1) acsp*)c+2 * B3 ac (P

Solving for atp§+2 in equation {§.8), substituting into equation (4.7),
and finally substituting the réjulting expression for atp€+1 into equa-
.tion (4.6), a first order di&jﬁrence equation for the expected level
(equal to the actual level) of- the current exchange rate is obtained. By
the same token, solviné for ats:+2 in equation (4.7), substit&ting into
equation (4.8) and finally substituting the resulting expression fer
at':+1 into equation (4.3), a first order difference equation for the

price level of the nontradable good is obtained. These  first order

" difference equations are:

»

2 - e - -
(4.9) 8, at®t [B°+52A0r BoAzr]

’ - e
+ (Bz(l t)+Azr! atBc+l

+ K1 atvt




s oA

-

- e- — - -
(4.10) Py " atPe [A° + Ay(1-1)B, - (1-1)AB,]

+ [By(1-1) + A,7) a:P§+1

+ KZ atvg

where K;, Ky, and , Vi are defined in Appendix IV.l.
To find the final solution for the current levels of the exchange
rate and the price of the nontradable gooé, the neth&j of undetermined
coefficients will now be applied (see Appendix IV.2 ;t thé end of this
chapter, where it #8 shown that, for stability purposes, the forward
solution implied by the use of the methdd of undetermined coefficients
is, 1in fa;t~ the solution to be chosen). Based on equa;ion (4.9), given
the information set and given our assumptions concerning the processes
governing the exogenous variables (equations (4.1) and (4.2)), it.can be

conjectured that the solution for the full current information exchange

rate is:

(4.11) 8, = tg + 8f

F F
+ '5 ‘t-l w6 Pt-l + l7 * + '8 nt

A F F F
* W9 te * F1o Ce-1 Y T11 Ve Y 12 Bt

where the xF

s are the unknown coefficients for the flexible exchange
rate case. The solution of those coefficients is preSented in
Appendix IV.3

The final solutipn for the exchange rate in terms of the paraseters

of the model {s:




(6.12) 8y = {[(By + BaAyT - BoAp1)/(C1-Ba(1-1) = Az1)]

+ he-y + [(1 + Bot - A21)/(1 = Ba(l-1 ) - Az1] m
+ ve * By xp < xe-)

[} *
- (Pep * 3 *og + )
+ te-] * B4 ug + Bg €
e

Before analyzing this equation, let us use the same procedure (the

method of undetermined coefficients) to solve for the price level of the

nontradable good. Based an equation (4.10), it can be conjectured that 2a

- §

the solution to the full current information price‘level of the nontrad-

-~
» dble good is: \~‘\;- \\\\\\

|

o oF 4 oF F F F F

(.13) pp =85+ 8 ey + 8+ 63 v + 6, x + 85 x
F _* F ’ F F )
* 86 Pey * 87 30 eg ne ¥ 9 te * 8t

1

F. F
* O Y O g
Appendix IV.4 presents the solution of the 8F coefficients.

The finsl solution for the price level in terms of the parameters of

the model 1is:

(6:10) pe = {[(Ao + A2(1=0)Bo = AgB2(1=1))/(1-B2(1-1) = Az1)]
+ he-y .
+ [1 + (A2/1-A21 - Ba(1-7))] m
g YA xe - ;:-1

+ A3 ug + Ay el
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The solution for the undetermined coefficients gives rise to the

following final solutions for the levels of output of thé~c‘g13083§:

-
a1(tAg + (1 = 1)Bg) - (1-1)(Ay-By + A2B, - B3
(6.15) Ye = 85 ~ [ 1_:2(1_‘)_A21A° 2 2 AO)]
R

-

a; - (l-T)(Az’Bz)
= ] m .
1'82(1'!)-A21

+ lay + (1=-1)(Ay=B)] x,

+ a3 + (1-1)(A3-B4)] up =
' ' ) + [((1-1)(A4-Bs)] g,

[a1(TAy + (1-1)By) + T (Ay-Bo+A2B, - B2Ag)]

T (4.16) y_ = a, -
t 0 1 = Ba(1-1) - AT

<4
al + T (AZ‘BZ) - )
. - ( ] m
1-B7(1-1)~-Ajyt
H + (a1 = v (A1-B1)] x¢
3
é + [a3 - 1 (A3-By)] ue *
‘ . : - [t (A4-B35)] e

Table 4.1 summarizes the main results derived frogp the output equa-
tions, and {t can be seen that the effects of the exogenous varlabies on
the levels of output may be decomposed into: (1) a finsmctal constraint
effect (a8 change in the real monetary base); and (2) a r?lative price

effect.
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2.1 An increase in the monetary base

As in the closed economy case, the past value of the monetary bége
(h¢-1) and the permanent monetary shock (vg) have a positive and propor-
tional effect on the domestic price level of the economy. Thus, the pfice
level of the nontradable good and the exchange rate will change in the
same proportion as the change in hy_y or v., leaving the levels of out-
puts unchanged. The neutrality of fully anticipated changes in the level
of the monetary base needs no further explanation.

The most interesting result derived in this Chapter concerns the
effects of a change in the rate of growth of the monetary base. A rise
in m will induce two effects: (1) it will ¥ncrease the expected inflation
rate and, heﬁce, will lower the value of the real monetary base (a.finan-
cial constraint effect); and (2) it will induce a change in the relative
price term: (Pc - p: - st), but the direction of this.change depends
on the relative elasticities of the aggregate demands for tradable and
nontradable commodities. The explanation of this result is straight-
forward: the impact effect of an increase in the rate of growth o; the
monetary base affects identically the aggregate supply of bo‘ﬁ.comnodiiies
because the coefficient aj is common to both supply functions; however,
the fapact effect on the demand sides, although positive in both cases
can differ in n;gnitude, depending on the value of the demand elasticity
of the nontradable good with respect to the real monetary base (63)
relative to the corrésponding demand elasticity of the tradable good (b3)

and on the value of the demand elasticity of the nontradable good with
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respect to the expected inflation term (&) teiative to the corres-
ponding demand elasticity of the tradable commodity (bj). Only if &; = by
and 82 = by, the relative price effect would vanish.

Now, the particular specification of the.utility function used in
Chapter 111 implies that the value of the elasticity of demand with
respect to the expected inflation rate is equal for both commodities
(that is: 6) = by) and that the value of the elasticity of demand with
respect to the real monetary base is also equal for both commodities
(that i{s: 6 = bp).. As explained above, these restrictions imply that
the relative price effect vanishes. quévet. since alternative utility
functions might result in the elasticities of the demand for the tradable
good being different from the corresponding elasticities of the demand
for the nontradable good, the a;;lysis that follows will also consider
the possibility that 6 # by and 87 # bp. -That is, we will concentrate
on the general case where both the financial constraint effect and the
relative price gffect might be present. The particular case imposed by
the specific utility'function used in this thesis.is the one in which
only the financial constraint effect holds.

Taken together, the two above mentioned effects of an increase in
the rate of growth of the monetary base result in a decrease of both
levels of output. While the resulting decrease in the real'monetary base
decreases the firms' demand for labor and hence the output levels of both

commodities (the financial constraint effect), the relative price effect

induces firms to ‘increase the production of the good whose relative price

-




has risen and to decrease the production of the other commodity. However,
it can be shown that when both the financial constraint and the relative
price effects are present, the relative price effect is smaller (in
absolute value) than the financial constraint effect. Hence, the net
effect is a reduction in the level of output of both ;ommodities, 2/
albeit in different magnitudes. Of course, in the particular case where
only the financial constraint effect is present, the level of output of
both commodities will decrease in the same magnitude (i.e., no relative
price effect exists). *

Finally, ,tonsider a positive temporary in;rease in the monetary‘
base. The levels of output of both compodities will increase due té
two effects: (15 a décrease in the expected inflation rate that will
. increase the real value of the monetary base; and (2) a relative pricg
eff" of undetermined sign but of smaller magnitude (in absolute term‘s). ¢
than th; e{fecé in (1). The effect of a positive temporary monetary
shock is similar (but with opposite sign) to the effect of an increase in

the rate of gtowtﬁ of the money supply and needs no further explanation.

2.2 A change in the price level of the tradable good

In contrast with a change in the monetary base, a change in the
foreign price l;vel of the tradable good causes only an ;nverqe.anq
proportiohal movement in the exchange rate, leaving the price le;el of
the rlontradable good and the output levels of'both commodities un;hangcd.
Hence, the classical ihaulation effect of a flexible exchange rate against

foreign price level changes holds in this nodelf Not{ce that this insu-

lation effect holds irrespective of the nature of the foéeign price
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change; either a change in the level or in the rate of growth of p:
leaves the levels of domestic production unchanged. This result arises
of course from the fact that in this model, both the foreign price level
and the exchange rate always share the same coefficient. In particular,
the insulation proposi%‘on occurs Eecause both the price level of the
t;adable good and the exchange rate always enter as a sum in the supply
and démand functtons of the model and because both variables are treated
equally in the specification of all information sets. In this context,
the degree qf capital m&bility does not affect that result. Oniy if
either variable were included in the information set while the other is
not, the insulation proposition would not hold. It should be mentioned
that an'increase in the rate of growth of the price level of the tradable
good or a temporary dec;ease in the price of that commodity, will result
{n a proportional decrease in the rate of exchange rate depreciation:
sg+1'- s.; however, this variable plays no role in the model ;nd hence

cannot affect other endogenous variables.

2.3 An increase in productivity or an exogenous

change in preferences

An increase in éroductlvity affects both the price level of the non-
tradable good and the exchange rate negatively and has a positive impact
on the supply of both commodities. A change in u, does not affect the
level of the real monetary base, because it has no role in the determina-
tion of the expected future price level atpg+1; hence, there {s no

financial constraint effect associated with pro&hctivity changes. How-

ever, there might be a relative price effect that, as in the case of @ or
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X¢, depends on the relative elasticities of demand for both commodities.
If (§ + &) > (by + by), an increase in productivity will generate

a relative price effect favoring the supply of the nontradable good. By
the same token, if (§ + &) < (by + by), the relative'pélce effect
resulting from an increase in productivity will favor the supply of the
tradable good. However, if the restrictions imposed by>the particular
utility function used in this thesis are strictly followed, no relatiye
price effect will follow a change in productivity.

In addition to a possible relative price effect, a "direct" positive
output effect resulting from the increased efficiency of labor will be
common to both commodities. The parametefh of the model imply that this
latter effect will be greater than ;ﬁe relative price effect and hence,
b;ch outputs will increase but by different amounts. 3/ Of course in the
absence of a relative price effect, both levels of output will increase
in the same magnitude. ‘ _. _ : )

An exogenous change in preferences, thgt assiéns a higher weight to
current consumption relative to both, lefsure and future consumption,
affects both the price level of the nontradable geod and the exchange
rate positively, but implies an increase in the output level of one com-
wodity and a decrease pf the other if a‘relative price effect is present.

"This is the only exogénous variable in the model that,.as a net effect,

might result in the levels of 6utputs moving in opposite directions; but

the explanation is stfaightforward: € is also the only variable in
the dodel that affects only the demand functions; hence, it will affect

the final levels of output only in so far as it affects the relative




.
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price term. ﬁj If (& + &) < (bj + by), the output level of the

nontradable good increases and the output level of the tradable good
decreases. 5/ Of course, if both commodities share the same elasticities
of demand, an exogenous change in preferences would have no real effects,
and p, and s, would increase in the same proportion.

2.4 The solutions for the interest rate and the real wage rate

Finally, the solutions for pt~and 8¢ can be subspituted into equa-
tions (3.50) and (3.51) to obtain the final form solutions for the inter-
est rate and the real wage rate. Appendix IV.5 shows those solutions.
Neither a permanent change in the level of the monetary base nor a move-
ment in the foreign price of the tradable good have an effecé on the
interest rate and the.real wage rate, since the reél monetary base and
the expected inflation rate remains unchanged. Also, as in the closed
economy case, a change in m or x, affects,the interest rate and the real
wage through 1ts impacts on: (1) the real monetary base; and (2) the
expected inflation rate.

Arr increase in the rate of growth of the monetary base or a temporary
decrease in the money stock cause an unambiguous increase in the interest
rate because the resulting increase in the expected inflation rate and
the associated decrease in the level of the real monetary base impinge on
the interest rate positively.

As in the closed economy case, the direction of the real wage change
caused by a movement in m or x, remains undetermined in the open economy
model. It depends on the s;ﬂaitivity of the supply of labor to the real

wage rate (11): the lower the value of ¥y}, the stronger the real
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monetary base effect will be relative to the expécted inflation effect in
the equation governing the determination of the. real gfge. 6/ If the
real monetary base effect dominates, an increase in m or a decrease in x;
will cause the real wage rate to decrease.

2.5 Implications for the real exchange rate

The solutiens of the flexible exchange rate model derived in this

-~

chapter have not ‘assumed that purchasing power parity holds at all times.

In this rodel, putchaging power parity would imply:

*
(4.17) pi, = p, + s,

or
*
(4.17') pp = P, * 8,

Equation (4.17"') represenis hot dnly purchasing power parity but also the
inverse of the real exchange rate.
By substituting the solutions for the price level and the exchange

rate into equation (4.17'), the following expression {s obtained:

(4.18) p, - p: -8, = (8 =)
T+ (A - By x
+ (A2 - B2)/(1-A21 - B2 (1-1)) m
+ (A3 - By) ug
+ (Ay - Bs) &
That {s, if the elasticities of demand for both commodities are not
. ‘

identical, the real exchange rate will be affected by variations in the

anticipated. rate of growth of the money supply, temporary monetary changes,

i
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changes in productivity, and exogenous changes in preferences. Only
changes in the foreign price level will leave the real exchange rate
unchanged.

£; this model, all the variables which affect output leyels. also
affect the real exchange rate; 7/ this is another manifestation of the
nonsuperneutrality of money in this model. Notice that this absence of
purchasing power parity holds i{n a rational expectations model with flex-
ible prices and i{s obtained as a result and not by assumption. Finally,
it should be noted that the real exchange rate would be a constant {f:
& + by1; & = bs. This result follows from the discussion in
Section 2.1, that is, if the coefficients affecting the demand for trad-
ables were equal to the coé{f}cients in the demand for nontradables,
purcha;ing power parjity would hold at all times. Even in this case
though, the maintenance of purchasing power parity would be a result
rather than an assumption of the model. Movements in the exchange rate
relative to changes in domestic prices in response to exogenous shock§
also depend on parameters of tastes and technology in other equilibrium
models that use a strict cash-in-advance constraint (see for example
Aschauer and Greenwood (1983) and Stockman and Dellas (1984).

3. The incomplete current information case

In this section, agents are assumed to lack full current information.
Specifically: (1) durﬂng the current period, they do not know the decom-
position of a monetary shock between its temporary and permanenf compo-
nents; and (2) at the beginning of the pétiod they do not observe the'
price level of the tradable tommodity (in domestic terms) which will

N .
prevail at the end of the perfod. The beginning of period observation of
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the interest rate and wage rate allows agents, as in the closed economy
case, to infer the current value of the monetary base but they cannot

distinguish (during the current period) between permanent and temporary
monetary shocks. In addition, knouleage of the-monetary base does not

convey any relevant information about the current price level of the

tradable commodity. 8/
In this case, the model gives rise to the following semi-reduced
form solutions for the incomplete current information price level of
the nontradable good (py) and the exchange rate (8.):
(4.19) FA’t: =C v G atbg + Gy acés + G atf)g#-l + Gy até€+1 -
+ Cs pePEr1 * Co peSser * C7 By + Cg 4 (™8

* *
+Cq ar(PIE+1 * Cro pe(P IE41 *+ Cpy v *C12 &

S . -e -e -e -e
(4.20) s, = Dy + Dy ,¢Pr * Dy 4¢8¢ * D3 qePrs1 * Du acBel

~e ;e *
+ D5 pePe+l ¥ Do peSe+1 + D7 b + Dg by

* e *.e *.e
+Dg 4e(P ¢ * Do 4¢P Veg1 * D1y pe(P dE4y + D12 ue + D13 &

Where: Co = [&-a,l/(§+&)
C; =-Cy=-Cg =~ [1-1]/[ §+&]
Cy = lay T/ [ &+6&]
Cq = Cq = [a1(1=-D]/[ §+6&]
Cs = (& 11/ §+6]
Ce = Clo = [H(-D)/[6+6]
C; = [ &-a11/16+&)
Ciy = - Cy2 = ~a3/[ §+&]
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' Dy = -Dy = -Dg = [t]/[dy+b;]

leyt]/{by+ba]

o
(W)
L}

o
&
[}

Dig = [a1(1-1)1/{b +b;]

[byt]/{by+by] . *

o
w
L]

D1y = [by(1-1))/{by+b3]

o
-]
|

[
~
[}

(by~ay]/[by+by] <
Dg = -1
Dyj2 = - Dy3-= - a3/[b)+b3]

. X . N ’
The systeo formed by equations (4.19) and (4.20) differs from the

corresbonding system ;f the full current information case. It contains
beginning of period expectations of the domestic pficé ;evel of both
commodities as well as distingﬁishing between begiqﬂing apd end of period
expectations of these variables. However, in the context of the present
model, expectations oY the cérrent and future price leveis of the nontrad-
able good and the exchang; rate are identical at both the beginning and
end of period. The explanation for this feature {s twofoldf First, as

in thé‘cloced econoay case, kno;ledge of the price levels at the end of
the period does not help agent;‘to distinguish between th; temporary and
permanent mometary shocks; hence, ahi - bhi =h. | +o+ (vt+xt) = Xe_qe
Second, alihougﬁ the observation of the price level (in domestic terms)
.of the tradable good at the end of the period implies a difference between
the beginnlng'and’end of pertod expectatiJis of this variable, 9/ this

c.

difference has no implications for the solutfons of the model’ because

-

price exbectationnl ecrors do not affect any equation of the systes. That
L} . -

P:v“-,- . T —— L ah e e . .
N f a4
s
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1is, in this model all (perceived or not) foreign price changes impinge
only on the exchange rate. They have no consequehce for other variables;
heace, the only additionaRl consequence of a foreign price shock (either
temporary or permanent) is to affect 10/ the term (ét - at'si) which

play; no role in the model.

Notice that i{f it were assumed that the exchénge rate becoomes observ-

‘able at the beginning of the period while the price level of the tradabie
good only becomes observable at the end of the period, the coefficient
Dg in equation (4.20) would be different from one (in absolute terms) and

the "insulation proposition” obtained in the full current information
. case would ho longer hold.
Given the properties of a foreign price shock, the only relevant

?
distinction between the complete and incomplete current information cases

‘
TR A T R -'m'n—"

lies in the agents' inability to distinguish clearly Between permanent
and temporary monetary shocks. This poses a signal extraction prépleq .
identical to the one which arises in the closed economy tase and needs ro

further discusston (see Chapter 2, Section 4.3).

The method of solving the sode! 1s similar to the full current T

information case and hence will not be presented here. It'v1}}~quffice

to state that the conjectured solutfons for 6t and ét (based od the. . .

-

method of undetermined coeff£c1<:::j will now be: ’ '~~3*'—ff“ o
. © w 8F 4 6F 5F oF : 5F . T
(4.21) Pe 80 + 61. ht-l + B.Zn + 93 (vt*'xt) + 85 Xy _y L R
) P % AF o * aP aF o, aF- . . . ‘75 «.7-ﬂ
+ 96Apt_1 +6;3 +6gn, +6ge 40150 e
. . ‘l( ? ." - (’.‘ ':. ' )

- .
‘j/°11 ue * 12 ¢
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(4.22) ét-‘} ¢i§h +i§m+i§ (v +xt)¢i§x

With the exception of 6§ and ;g, all the coefficients are identical to

the corresponding oFrg and 1F'g derived for the full current information

case. ‘The only difference is that:

. A - .
(4.26) 7§ = B, (1-g,) + B, ' -

Where, it should be recalled, g; stands for the variance of the temporary
shock relative to the total varlance of (xg+ve).

The higher the value of g;, the smaller wi}l be the effect oﬁ‘a mone-
tary sh;ck on the price level of the nonérhdable good and on Ehe5exchkﬁge

rate. Notice that f{f g "= 0, then ég - ;g = 1, ibplying that a peruanénn- -

—,

. ¢ ) I
shock will affect p, and s, with a unitary coefficient; this {s so because

3

1f the variance of a temporary shock is zero, all monetary shocks will be

! :
: . viewed as permanent and ég - BF; ig - 1§. If, on the other extrewme, ’ o :ﬂu“"
g " l: then all wonetary shocks woulgd be perceived 83 temporary and ) -h
S SV S S SRR
Since (Bi + 52) =1 and g, <’1, thgn,i§v< lg. Iﬁu;, a,pernaneh£~,
,1ncreuse'ln the level cf‘éhe monetary buse mill cause the exéﬁhngofrqte"
t - . . to “"undershoot” relative to its'£u{1’cafrént,iéfotlttl;n.oolution; by tgéhl.

same token the exchange rate will ,“'Q;_vu'tlho_ot"~ 1f there is a permanent

» LN
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decrease in the monetary base. Also, since changes in the world price of
the tradable good (anticipated or not) always cause a proportional and
inverse change of the exchange rate, no overshooting effects will at;se
from the lack of beginning of period information on the price level of
the tradable good. Hence, in this wmodel, only permanent monetary shocks,
not perceived as such; cause the exchange rate to overshoot relative to
1ts full current information level.

The solution for the output levels will be:

N al(TAo + (l-T)Bo) - (l-r)(AO-BO*AZBO-BZAO)
(4.25) y, ]

ay -
1-B3(1-1) - Apr

a] - (1-1)(A2-B3)
- ] m
1-B2(1-1)-Ayt

-

+

la1g1 + (1-1) (A2(1-g3) + A} - Ba(1l-g1) - B1)] (ve+xy)

+

(a3 + (1-1)(A3-B4)) up + [(1-T)(A4-Bs)] €

81(TA° + (l-T)Bo) + t(Ao - By + AB, - BoA,)

a_ - |

.. (4.26) 9: o

: 1 - Ba(1-1) - Agt

ay + 1(A2-B7)

1-Bo(1-1)-A2r1

+ [a1g] - 1 (A2(1-g1) + A} - Ba(1-g}1) - By)}(ve+xe)

+ (a3 ~ 1 (A3-Bg)) ue = [T(A4-Bs)] ¢

As expected, the only difference between these solutions and those

of the full information case arises from monetary shock confusions.

v
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Also, notice that the variance of the temporary shock affects the levels
of output through both a financial constraint effect and a relative price
effect. Moreover, the coefficient accompaning (ve+x.) in equation (4.25)

can be rewritten as: 1/

g1 [31 - (l‘T)(BI"Al)]
and, the corresponding coefficient in equation (4.26) as:
g1 lap + 1 (By1-Ap)]

Hence, the higher the value of g), the higher the impact of a monetary
shock on both levels of output.

It is, of course, the case that the monetary shock confusion will
also affect the values of the interest rate and the real wage. These
effects are similar to those which arise in the closed economy case and
hence do not need to be repeated (see Chapter 2, Section 4.4).

4. Summary

This chapter has solved the ;odel set up in Chapter III for the
flexible exchange rate case and, has analyzed the effects of changes {n
the monetary base, the price of tradable gooda..and some real shocks to
productivity and to marginal utility of current consumption on the output
levels of the domestically produced commodities, the price level of the
nontradable good and the exchange rate. It hss been shown that the
"financial constraint! assuaption is trucial in determining the effects

of monetary changes on output. In p-rticulnr,'even though an anticipated

increase in the rate o{ growth of the monetary; base, or an anticipated

"

temporary monetary decrease, might result in 8 relative price effect
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favoring an increase in the supply of one commodity and a decrease in the
supply of the other, the negative financial constraint effect resulting
from such moretary changes dominates this relative price effect. The
level of output of both domestically produced commodities will therefore
decrease. Moreover, a.confusion between permanent and temporary monetary
shocks implies that even permanent changes in the level of the monetary
base have real effects. 1In addition, such monetary confusion implies
that a8 permanent change in the level of the monetary base causes the
exghange rate to "‘overshoot” relative to its full current information
level. This is the only case in which exchange overshooting arises in
this model.

A change in the price level of the tradable good (or in its rate of
growth) ;lvays results in an inverse and proportional change of the
exchange rate (with no effects on the domestic endogenous variables).
This result does not depend on assumptions about capital mobility but on
the specification of the model and the information sets analyzed.
Specifically, the price level of the tradable good and the exchange rate
always enter together as a sum in the supply and demand functions of the
model and in the two alternative Iinformation sets used to solve the
model. Finally, note that in contrast with some flexible price-rational
expectations models, the model of this chapter does not agsume purchasing
.power parity. In fact, the maintenance of purchasing power Parity
following nonéla?;ﬂﬁhd real changes depends on the parameters affecting

the demand functions of both commodities.

-
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FOOTNOTES TO CHAPTER IV

1/ Recall that:

e e .
atVe+l = aceel " O

3/ From Table 4.1, it is clear that the financial constraint effect
will dominate the relative price effect if |A7 - By < ajy.

a1 (ba+by—81-63) + 81ba = S3by

Now: Ay —Bp =
det

=a; (X)

Where the absolute value of X is less than one. Thus, the financial
constraint effect dominates the relative price effect.

3/ The direct output effect dominates the relative price effect since:
ay > |A3 - By .

a3 (6; + 63 - by - b2)
Prg?f: (A3 - Bg) = = a3 (Y)
det

-

where the absolute value of Y {8 less than one.

4/ Due to the characteristics of the random variable affecting the
level of utility and the assuamption of full current information, €. does
not affdct the level of the real monetary base.

3/ The impact effect of a positive €, will rise both p. and s; in a
magnitude according to the price elasticities of the supply functions,
.and the output levels will increase, But, as a second round effect, the
aggregate supply of each commodity will decrease in response to the
increased price of the othér commodity. The lower the.price eldasticity
of demand (given by (§; + 87) for- the nontradable good, and (b; + b2) for
the tradable good), the lower this negative second impact on the level of
output.

6/ This is so because in that case B; > B; in equation (3.50).

1/ Stockman (1980) used a cash-in-advance model to "show how a change
in the terms of trade caused by relative suypply or demand shifts is
divided bdetween nominal price changes in each country and an exchange
rate change, cresting a correlation between the exchange rate and the
terms of trade” (p. 674). Thus, fn Stockman's model, deviations from
purchgsing pover parity can also' be generated as an equilibrium result.
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The changes in real output creating deviations from purchasing power
parity are assumed exogenous in Stockmsn's model. In contrast, output in
this thesis is treated as an endogenous variable. However, it is inter-—
esting to note that those exogenous variables that effect the equilibrium
level of output.of both commodities and their relative supplies in this
thesis are also the same variables that are capable to generate devia-
tions from purchasing power parity. That is, in this thesis, deviations
from purchasing power parity correlate with changes in relative supplies
of both commodities.

8/ The beginning of pegiod expectations of the price level of the trad-
able good is: a(p )2 * Py t) -ty There is no signal extrac-
tion problem here because knowledge o? ét does not help to infer ny + tg;
this {s due to the fact that v¢, x¢, ng, and ty are not correlated with
each other.

* *
3/ gPg = Peoy * 17t

I K S . _
pPe " Pe " Py Ittt -t

10/ With a unitary coefficient.

11/ This is so because the structural parameters of the mod imply
that (A2 - Bg) = (By - Aj), and A] + Ay = 1.
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APPENDIX IV.2

PROOF THAT A STABLE SOLUTION FOR THE EXCHANGE RATE AND THE PRICE LEVEL
OF THE NONTRADABLE GOOD IS PROVIDED BY THE FORWARD-LOOKING SOLUTION

.

1. The exchange-rate solution

Equation (4.3) in the main text can be rewritten as:

1
(IV.2.1) .88, = {ae8F ~ (Bo*ByA T=B A,1) = Ky . .V}
Bo(l=1) + ApT

or, applying the lag operator L:

1 1
(1V.2.2) (L] o ——— ] | 68 = o (B +ByA T -BA,T) + K | VE}
Ba(l-1)+AQT Bo(l-1)+A)1 :

wvhere the operator L'1 applied to atsg leads the expectations Qf the
exchange rate without changing the information set upon which expectations
are formed,
Multiplying equation (IV.2.2) by L:
1 -1

(Iv.2.3) [1 - ———— L] _ 87 = —————— {(B_+B,A_ 1-B A,1) *+K ve )
Ba(1-1)+AztT at-e By(1-1)+AjT 0 "2% " "o 1 at -l

Equation (IV.2.3) has multiple solutions. Imposing the restriction of

a ""stable solution,” the choice of the solution depends en the absolute
— .

. value of the coefficient: —mm—,

Ba(1-1)+AgT
Expressing such a coefficient in terms of the structural coefficients of

the model, 1t turns out that: i
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1

> 1 if §d2 > aj and by > a;
Ba(l-1)+AoT

which are the two restrictions already imposed to the model. Hence, a

forward-looking solution is a stable one.

2. The solution for the price level of the nontradable good »

Equation (4.10) in the wmain text can be rewritten as:

1

C@v.2.4) pl ) - larPe = (A *A(1-1T)B -(1-1)A_B,) = K, _ V&

BZ(I‘T)+A2T

applying the lag operator and lagging equation (IV.2.4) once:

1 1
(1Iv.2.5) (1 - * L] _.pt = - {(A +A9 (2-1)B_-(1-T)A_B,)
By(l-1)+At 0 ¢ Bo(1-1)+AsT  © ° 02
+ K 8;V€-1}
1

As it has already been shown, the coefficient: B —
Bz(l-T)‘Azr

is greater than one and hence the forward solution satisfies the gtabilicy

criteria.
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APPENDIX IV.3

SOLUTION FOR THE UNDETERMINED COEFFICIENTS
IN THE EXCHANGE RATE EQUATION

1

Updating equation (4.11), in the main text, once and taking beginning

of period expectations:

e e nF F
(Iv.3.1) aSt+1 LA + " ht-l

4

F..F -
(nl+u5) X, n

+

(n€+u§) j* +n

F
Tet e-1

Substituting equation (IV.3.1) into equation (4.9) in the main text we

1 obtain:

- - F
[Bo + BoA T BOAZt + 1032(1 1) + noAzr]

»

{ . : (Iv.3.2) 8¢

+ [7]By (121) + [ApT + By + ByAyt - Braging
+ [(u§+ug)82 (1-1) + (a§+w§)Azr + By + 2BoA T - 2BjAT] m
| + (78, (1-0) + wFa,r 4By +ByA T - BALT) v,
E \ ' . + [(u{ + ng) 52(1—1) + (!§+l§)A2r + Bl] X,

4 - [waz (1-1) + w{Azr } Bl + BzAlr - BlAzr] X,
. ¢ hd + [ngsz(l-r) + ngzr -1 + B;(l-r) + Azr] p:_l

1

| : + [(ugéng)sz(l-r) + (u§+n§)A2r -1 +2Bo(1-1) + 2A;1] 3*

] ) . . + [lgsz(l—r) + IEAZY -1 + Bz(l-r) + AZT] n,
P F\ _ P,_F _
+ [(7g + 71g)By(1=1) + (W +7 0)A T -1] € )
. - [7EBy(1-T) + WEALT <1 + By(1-1) + Apt) by

’ \\ + B(‘ut

+ »
Bsee




Equating coefficients among equations (4.11) in the main text and (IV.3.2),

the solutions for the *f coefficlents are obtained: &

F - - -T)= o
(IV\.3.3) L [BO'PBZAOT BOAZT]/[]. 32(1 1) AZT]
- F F F
(1v.3.4) "1 - '3 - 'lg =1

(IV.3.5) w5 = [14B,T-A,7]/[1-B5(1=1)=A,t] > 1 .
(1v.3.6) xf =B
(1V23.7) #f @ aF w2 w qf 2 nf 2
(1v.3.8) 7, =B, To

(1v.3.9) nfz -85 >0

WP e LTI LERe "‘v




SOLUTION FOR THE UNDETERMINED COEFFICIENTS IN-
* THE PRICE LEVEL EQUATION

’

Updating equation (4.13), of,the main text, once and taking begin-

. ning of period expectations:

e . aF . aF F,oFy F F,oF _F
(IV.4.1) gePear = 5o * Spheoy * (By*8)m + 8w + (8)%95) x, = oyx )
] 1
) F_* FooFy. F F
+ 0GPy t (8g*93) g% + o) n, o+ (36...9{0) t,
. . . N
s : _ oF
8¢ te-)

~

Sub'stiltut‘ing equation (IV.4.1) into equation (4.10) of the main text and

.
solving for the undetermined coefficients, we obtain: ‘ Y.
(1v.4.2) 8 = [A] + A,(1-1)B_ = A Bo(1-T)]/[1 ='By(1-7) - Aqt)

(1v.4.3) " of = of 5 -6f -1

(IV.4.6) ®f L+ [Ag/1-AT-By(1-1)]

- A

(IV.4.5) 8f = a; : : ’

y P o oF = of « oF o 6F =
.(IV.Q'.G) 06 67 68 39 810 0

- . P - -

' F

\
L]
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APPENDIX IV.5S ’ 1595

INTEREST RATE AND REAL WAGE SOLUTIONS UNDER THE
ASSUMPTION OF FULL CURRENT INFORMATION

, , (A +(1-1)By)
(IV.Sel) 4, =y =y - .
1
£ 1-B(1-7)-A,t

]

M .
1-82(}-7)-ap1

- {1 - ] =

+

(tA; + (1-1)B; -.vir X,

[(rA3 + (1")36) (Y{ + vé)] u

(CtA, + (1—1)85) (vi + é)} e

, . TA0+(1-T)BOI
(1v.5.2) v, - pio = (B *+p, (- )]
1-Bo(1-1)-Ayx

~4

2

+ [1 - ]
1-Ba(1-1)=ApT

]

+

[né - (A + (1-0)BP)] x,

+

[(tAy + (1-1)B,) (dg=81)] u,

+

[(TAQ + (1-1) 85)-(55 -n£31 €e

A Y




OHAPTER V

PRICE AND OUPPUT FLUCTUATIONS IN A FIXED EXCHANGE RATE REGIME

1. Introduction
-This chapter solves the model set out in Chapter Il for the fixed
exchange raste éase. The beflavior of prices and output in a small fixed

! rate open ecounomy model thnt\allows for the distinction between tradable

)

and nontradable commodities, was first analyzed by Dornbusch (1973) under

the assﬁnption of zero capital mobility In these respects, the Dornbusch

. P
model is similar to that analyzed in thi{s chapter. However, as will be

ghown, several inplicatiQns of the sodel dealt with here drastically

pe - . -

oo differ from those of the Darnbusch mwodel.

First, although %qtﬂ models predict the absence of short-run money
; - néutfhlitf. in'gbé;ﬂornbusch model an increase in the exogenous component
| 'of t?g_noqey‘;ﬁpkly results {n a short;run expansibn of ghe output of. -
nontf;4351;a and 8 reduction in that of tradables; in tﬁe model developed
here, the response of output critically depénds on the behavior of the
equilibriua rea] monetary base. The output of both goods might 1néré§se
Lf the incrc;oe in the real monetary base generated by a rise in the
level of government debt odtstnnding more than offsets the relative price
effect, which favors a decrease in the supply of tradables. However, if

the rate of grovth of government debt iﬁcreasel. the real monetary base

might decrease by an amount enough to induce a decrease in the output of
both commodities.
Second, in the Dornbusch model an 1ncrea;e in the (exogenously

) given) price of tradables results in a short-run increase in the domestic

.
-

supply of tradables and s decrease in the supply of nontradables. In

/S , : 1°4

'.' |~ At N - m— g omsaiupiuENR
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contrast, in the model of this chapter, both outputs might decrease {$
the decrease in the real monetary base generated by an increase in the
price level of tradables is strong enough to more than offset the rela-
tive price effect which favors an increase in the supply of tradables.

1f instead, the inflatioh rate of the tradable good price increases, the

output responge of both commodities is ambiguous.

1t is ggpful to point out in advance the major factors which lead to
such differepces in results. Leaving aside the fact that the Dornbusch
model lacks :zy stochastic structure, the major differences lie in the
lpécification ;?\the supply side of the two models. In the Dornbusch
model, only relative price effects are present in the determination of
the supply of output, while in the model discussed here, both a relative

price effect and a financial constraint effect influence output. Any

variastion in the exogencus varf:bles vhich lead to an increase in domes-
tic {nflation causes a "tightening up"” of the financial constraint. They
therefore have a negative effect on both levels of output. Even in the
presence of a favorable relative price effe;t, therefpre, the supply of a
component of output might decrease if the relative price effect is out-
wcighted by a negative financial constraint effect. Once more it is

{mportant to recall that the financial constraint variable does not

result from sisply "expanding” wealth effects into the supply equations.

Such an exercise would result in a negative partial derivative of supply
of either commodity with respect to the real aonetary base.

We can now turn to the fixed exchange rate version of the model
formed by equations (3.68) to (3.74) and equation (3.75b). As di;cunsed

. - *
in Chapter III, under a fixed exchange rate, a distinction between the

’




. ———

158
\/,

beginning and the end-of-period monetary base arises. The government
decides on the outstanding gcveruneﬁt dedt (gc.) at the beginning of the
period, but transactions leading to a éhange in the level of foreign
reserves occur at the end of the period. This feature of the model
implies that the end of previous period level of the foreign reserves
(pfr-1) enters into the structural supply and demand equations in the
same way as does the current level of government credit. 1/

The exchange rate is assumed to be an,exogenous variable in this

.version of the model. 1t is assumed (as in Weber (1981)) that the mone-

tary authority sets a target value (;t) for the exchange rate according

to sowe known rule that {s independent of the behavior of other variables

in the model. The rule could be a linear feedback rule or could siamply
set the exchange rate constant for every period t. The 1‘portant charac-
teristic of this exchange rate system is not the particular form of the
exchange rule, but the assumption that such a rule remains constant over
time. For pu}pooea of simplification, most of the analysis in this
chapter will assume a constant exchange rate, leaving the analysis of a
devaluation to the end of the chapter where a nonconstant feedback
exchange rate rule will be allowed to hold.

Under a fixed exchange rate regime, the monetary authority must
adjust its level of international reserves to achieve the exogenously
det:}nined level of the exchange rnéé. Since the level of foreign
reserves and hence, the ooney supply, ate now endogenous variables, the

only exogenous monetary element in the domestic economy is the outstanding

)
IO

\

/
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governaent‘debt. This will be assumed in this chapter to follow the same
process as was followed by the monetary base in the flexible exchange

rate regime. That is:
(5.1) 8Cp¢ ® BCp-1 + ot Ve + Xe = Xe-1

where the definitions for m, vy, and xy of Chapter IV carries through, but
now refer, of course, to the outstanding government debt. Similarly, the

process governing the behavior of the price of the tradable good will be

-

-

assumed to be identical to the one specified in equation (4.2).

The remainder of this chapter follows the same basic organization
of Chapter 1V: Section 2 ooives the model under the assumption of full
current 1nforla:10n in a rational expectations framework. While the
solutions for the price level of the nontradable good and the level of
foreign reserves :re analyzed, implications for the levefS(ﬁ?output of
both commodities, and the economic intuition lying behind these results
are emphasized. Section 3 discusses the implications of relaxing the
assumption of full current information andeallows for a confusion between
permanent and temporary shocks to the government debt outstanding as
well as for a lack of beginning-of-period information about the foreign
price level. Devaluation will be the subject of Section 4. Finally:

Section 5 summarizes the results of this chapter.

2. Jhe full current information case

Assuming that the economic agents know, st the beginning of every
period, the value of all the relevant variables that will prevail during

that period, the macro-model of Chapter IIl can be solved to yield the

]
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following set of semi-reduced forms for the price level of the nontradable

good and the end of period level of foreign exchange reserves. 2/ 3/

1
(5.2) pg = Toers1%8; {[8g - ag - 8] wg* &2up)
+ [82(1-wy) - aj(1-w))])fe

+ [82w) - ajuylgee

+

e
[6y1 + &yl PEuy

+

[1 - tl(p; + &)

+

(6,02-1) + a; (1= 1(,, (pME,, + &)

- ajup + e}

and:
1
(5.3) fy = Torr 1% {{d]1(ag*ajug=Sg=~62ug)

+ (1-1+6)1+62)(d1ap9-dbg+d a) wg=-d2brwg) ]

+

(dy1(l-wy)(ay1-$2) \

+ (1‘1’"‘61*52) (d3+(1-‘”1)(dl‘l-dzbz))]ft'l

+

(d)twy(a1=62) + (1-1+61+87)(wy)(d a}-db2)]gey

]

1{d)T(a;+6,) + (1-146,46,)(d a +d;b )], PS,,

[d11(81462) + (1-T+81462)(1-d3+daby+daby) ] (p; + 8)

+

- (1-1){dyt(a;+5)) + (1-1+6 +52)(dja)+daby)]

(e (P4 + 8
+ [dytay + (1-t+61+52)(dja3) ]y,

- {dyt + (1-1+81482)d2)e, | - “
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Holding expectations constant for the time being, some lmportant results
emerge from equations (5.2) and (5.3). First, in contrast to the
flexible exchange rate reginme, Epe solution for the price level of the
nontradable good involveés only equations directly dealing with the market
of that commodity. The current level of foreign reserves does not appear
as an argument in the demand and supply of nontradables. Indeed, only
the predetermined level of the previous period's reserves affects the
current beginning-of-period monetary base and hence, the price level of
nontradasles. However, the model's solution for the level of foreign
exchange reserves involves both markets, since any change in the price
level g?\nontradables will induce a relative price change that will {n
turn affect the supply of the tradable good. The {ndependence of equa-
tion (5.2) from the tradable market {s a direct consequence of the finan-
cial constraint assumption and the sequencing of trade activities assumed
in this thesis.

Second, an increase in the level of government's debt outstanding
will result in an increase {n the price of the nontradable good 4/ and
a8 decrease in the level of reserves. While the result for the price
level of the nontradable good {s obvious 5/ because it only involves the
demand and supply of that commodity, the solution for the level of
reserves requires some comments. The impact effect of an increa;e in
government debt is a decrease in the level of foreign reserves, because
(given the assumption that bj>a]) the resulting increase in the demand
for tradables i{s greater than the increase i{n their suppiy. In aédition.
as a second round-effect. the increase in the price level of the nontrad-

adble - good generates a reluiive price effect which reduces the supply of
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tradables. This causes an additional decrease in the level of reserves.
The total decrease in the level of foreign exchange reserves i{s crucial
when we assess the stability properties of the model. Indeed, if the
total induced decrease in foreign reserves is greater than the initial
increase in government's debt, the economy might evolve {n explosive
cycles. The key factor driving this result is the presence of the one
period lagged foreign reserves in the model's structural equations. If
an increase in gc. results in a more than proportional decrease in f,

the beginning-of-period monetary base in t+l will, ceteris paribus,

decrease relative to t, causing a decrease in the price level of nontrad-
ables relative to its {nitial value and an increase in foreign reserves.
This pattern will again reverse itself {n period t+2 with even larger
wagnitudes, generating a destabilizing eleﬁen{ in the model.

From equation (5.3) it is clear that (leaving aside the coefficient
dj corresponding to the lagged term ip equation (3.75b)) the effects of
gcy and f._; on the level of foreign reserves are similar. This is, of
course, due to the fact that both varfables are conponénts of the
beginning—of-péricﬁ monetary base. Hence, the usual requirement for the
stab{liay of equa;ion (5.3):

of,
Sgcy

l 6ft

{1 is related to the value of
§fe-1

-

In general, in this model I6ft/6gc 4—<_a¥ consideration of the

microfoundations of the model will “ceveal. _In particular:

-

6f¢ ‘1“»1(-1-62)
(5-“) 68Ct 7*614'62 + wl(dl‘l"dzhz)




. assuming dj = d3 reinforces this result. 8/

‘stable. ‘§1nce I > (6£¢/8f¢-1) > 0, the model will converge

In order to simplify equation (5.4), the restrictions imposed by the

aicrofoundations in Chapter 11l will now be strictly followed. First,
42 and by are respectively the elasticities of the demand for non- %
tradables and tradables, with respect_ to the regl monetary base. From
equations (3.38) and (3.39) it is clear that both elasticities are less
than one, 6/ and that 6; = by. Second, 6; and b) are respectively the
elasfjtities of the demand for nontradables ;nd tradables with respect to
Lké/expected inflation rate, which again from equati{ons (3.38) and (3.139)
v
are less than one 7/ and ¢ = bj. In addition, it is also clear that

w

(87 + 62) = (by + b3) = 1. Substituting those values into equation (5.4)

ylelds:

§f¢ wyl(d1a1=d262)(2) + 1852(d2-d))]
dgee B ‘ 2 -1

(5.4")

’ ‘ ¢

which is less than one in absolute terms for most plausible values of the

model's parameters. Leaving aside the parameters of linearization, i.e.,

Now, from equation (5.3), it follows that:

’
st¢ (1-wy) &f
(5.5) - v 45 : .
Sfe-1 wy  égee
Stnce, 1 102 (B2 e 1 e value of fon (5.5)  *
nce, in general, 0.2 [ o, Sgeq , the value of equation (5.

-

depends on the value taken by d3. In order to avoid a bias in the model
arising from the constant of linearization, d3j, the remainder of this

chapter will assume dj = 1. 9/ Under that assomption, the model will be

smoothly. 10/ 11/
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The effects of the additional arguments in equations (5.2) and (5.3)

.are straightforward: a rise in the expected-future levels of prices of

either commodity increases the expected inflatton rate and hence the
demand for beth commodities. In addition, the equilibrium level of the
real monetary base falls, and the supply of both commodities also
decreases. The r;sulting shifts in supplies and demands unambiguously
lead to an increase in the price level of the nontradable good and to a
decrease in the level of foreign reserves.

An increase in the current foreign price level o{ tradables gener-
ges both a relative price effect against the supply of:nontradables and’
a decrease in the'demand for t;adables. 12/ These unambiguously result
in an increase in both the price level of the nontraded géod and the
level of foreign reserves. Finally, as expected, a p&sitive productivity
change or an exogenous change in pref.’enceithat assigns a lower weight to
current consumption, decreases.the prief of nontradables, and rises the
level of foreign reserves.

In order to proceeé towards a final solution of the model, that is,
taking into account the endoienous property of price expectations, it is
{mportant to realize that, as in the flexiblg exchange rate, equations
(5.2) and (5;3) ar; not independ&nt from each other, because the lagged
variable fy_1 is8 presenc.in equation (5{2) and the price expectation term
a:P§+1 gs present in equation (5:3).

Following the same methods as the previous chapter, equat ions (5.2)

and (5.3) can be gevritten in the following way: 13/

- ‘ e ; * €
(5.8) p, = Xg-+ Xy £, + x2\8°c * X3 amPeer * Ky Pr t X5 0 (PM)E4

* Xg up + X776
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e * e
(5.7) £, =Yg + Yy £y + ¥y 8c ¥ Y3 u¢Pra) *o¥y P Y Y5 40 (P*)pyy

* Yo up + Yyeg A
Notice that since the exthange rate is treated as a constant {n this

section, it i{s contained in the terms Xp and Yp. In addition,

Yy = 1, {mplying that if future expectations of the general

W
It

price level were to respond proportionally to a joint and equal increase
in the total monetary base and the price level of t;e tradable good,
leaving the real monetary base constant, both the price level of the
nontradable good and the level of.foreign reserves would also increase

.
proportionally. This is so because, if the real monetary base (deflated

by a:p1€+1) remains constant after a joint increase.in both ,h  and ﬁ:, a
relative price effect favoring the supply of tradables and discouraging
the supply of nontradables results. For both commodity markets to be in
equilibrium, the price level of the nontradable commodity and the level
of foreign reserves must increase proportionally. As a final ?&tcome,
the output levels of both commodities, as well as the level of real
foreign reserves (f./pl.) remain unchanged. Only nominal endogenous
magnitudes changelproportionally 14/ folloﬁing a proportional {increase

in all nominal exogenous variables.’ .

As in the previous chapters, the gethod of undetermined coefficients
is used here to obtain the final solution of the model. Following
McCallum (1983), notice that the solution for the price level of
.nontradables can be written as a linear function of the predetermined

' - * "
state variables ft—l' 8Cr_y» By Ve Xeu Xy Peoys i, ey Loy Belyy

A

up, €¢, and the constant 1. Hence:

.




o N 4 N N N N N
(5.8) Py 85 * 91 ft-l ezgct_l + b3m + eav + 9gx,

N N
+66xt1+97pt1+3j+6 nt+6lo

N
VIR PR g PN
When the 8Ns are the unknown coefficients for the fixed exchange rate

case. Appendix V.l shows that the forward solution obtained from the
L

method of undetermined coefficients is in fact the stable solution.

In addition, an equivalent proof of stability is also giQen in
. Appendix V.2 where the model formed by equations (5.6) and (5.7) is
subject to the method Rroposed by Blanchard and Kahn (1980). To faci{i-
tate the exposition, gﬁe derivation of the final solutions for the price
and output levels of the nontradable good, as well as the equilibrium

>

solution for she 6s is presented in Appendix V.3. The solution for py is: °

N N
(5.9) p, = . {Xg = Xg8)Yqy + X408 + x3e§yol
+ (%, - x, 8%, + x.6Ny ) ¢
1 - X% Y3 Y 535 ) ey .
+ 1%, - Xp8Vyy + x0¥y, + x508) (ge,_ytvox,_p)
N -

_ N N N N
+ [Xy = Xp01Yy + X30)Y, + X85 + X463] o

. N N N
. + [xz-xzely3+x3efyz+x3ez+x3e61 X,

E [ 2
+ 10 +%5) (1<8Y v +x 0¥y ex oy o] (o) 4n -t )
+ (X, +2%g) (1-8)Y4 )X, 60y, +2x 0 Ygex, (oleed)) ¥ p

+ (X=X YaX30YY( 1 u,

+ (XX, 001 4%500Y, ) €, }
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[ ]
The solution for the level of foreign reserves can now be easily found by

substituting equation (V¢!52) Qf’;ppendix V.3 into equation (5,7):

3

1
N
(5.10) £, = 3 {[Y0+Y390} + (Y] £,
1-6%Y
1°3 .
+ [YZ’Y3°g](3°t-1 ¥ VeTXeoy)

. em—

+*

[Y2+Y3(9'2‘ + 'eg‘)] m

+

(Y] x¢

.
+

¥, +Y5+¥300 J(pg g mp-t )
(Y, + 2Y$ + Yq (e§+e§)l * . ’

5“61 te - '

+ fY6] ut + [Y7]£t} . «

+

L4

Based on Appendix V.3, Table 5.1 distinguishes hetween the "financial
constraint effect" and the "relative price effect" that impinge on the

levels of output of both commodities following a change in the exogenous
: »

variables of qDe model.

The behavioral responses of the price level of nontradables, the
‘level of foreign reserves and the levels of output, following a change in
the exogeﬁous variables of the model will now be analyzedg -

L

2.1 An increas¢ in the level of government's outstanding debt -

.

In abite of the endogeneity of the money supply under a fixed
exchange rate regime, changes in the exogenous component of the monetary

base (gt.)- will have real effects because in a tradables-nontradables

< [
short-run framework, the level of reserves ®s not assumed to adjust to

guarantee steady state equiliﬁtiun in the nohey market. Z Instead, it id
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.

assused to adjust solely to guarantee short-run.equilibrium in the money

market. However, the specific way €n which the absence of short-run

R *
money neutrility gets translated into price and odbput flpgsuations

1

( depends critically on the nature of the monetary change.

Consider first an {ncrease in the expected level of government
debt caused either by a'chauge in the past value of fhe government's out-
standing dedt (gcp-)) or by a posizive'per-anent‘nonetary change (v ).,
The price level of the nontradable goo§ will 1néreas;iand tye level of
foreign reserwes w;l} decrease, because there will be a net "potential"

.. excess demand for each commodity. Thgse changes in p, and f,, however,

will be less than proportional to the inérease in the government's
debt. 15/ |

The response of outputs to the {ntrease in gc,, however, will depend
(as in the flexible exchange rate case) on two effects: (a) a financial

—— -

constraint effect; and (b) a relative price effect. While the inctease

. . ’ .

in gecg generaies an unambiguous relative price change favoring an. increase

in the output of nontradables and a decrease in that of crédables, the

response of the real monetary base (deflated by the expected future
general price level) needs some explanation. Since only the predgtermined

: .level of foreign reserves (f¢-j) enters into the beginning-of-period

-

monetary balé.lan increase in gc, will unambiguously result in sn increase

in the nominal leve]l of the monetary base. ‘

However, the response of the real noqet;ry base can he‘analyze& by L

copsidecing the expected inflation rate. 16/ * By using the relevant

: ‘ ) ' .
+ ¢ coefficients in equations (5.8) and (Vv.3.2). It is clear that:

.




s v—r——

-

169

(5.11) & e PEyyPe) %‘*q‘fz -8 - %‘(Yz*gY;)
®er-1 1- 4y 1- 4y,

which is negative and less than one is absolute terms. Thus, although

the current price level of the nontradable'good will increase, the public
wvill also expect a deflation in the subsequent period. The intuition /
behind this result is straightforward: the decrease in the level of

v

reserves which follows an increase in v, or g&t_l does not affect the

current general price level.' This ts affected solely by the predeter-
mined value of fr-]. BHowever, the decrease in resarve;r;ill decrease the
future level of the n;netary base and hence will impinge quatively an
the expect;d futufe general price level. Now, this decrease in khe
expected inflation rate generates an increase in the equilibrium level of
the real monetary base 17/ (deflated by the future expected g@neral price
level) and hence an increase in the firws' demand for labor. Thus, it

[y

will generate a positive financial constraint effect tending to cause a
short run increase in the output of both commodities. As a'result. the -
response of nontradables output will always be positive following an -

increase in gcg-] or v, but the output of tradables may either increase

or decrease; it will incresdse if the positive financial constraint effect.

'{s greater than the negative relative price effect.

Next, considér an fncrease in the rate of growth of government debt.

- The price letel of the nontiadable good will increase aud the level of

. . o . N
foreign reserves will decrease, but the magnitude of these changes will
be bigger than those corresponding to an increase in gop-) or ve. 18/

While the relative price effect generated by an increase in m is similar

.~
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4
(but bigger) than the one generated by an increase in the level of the
~ debt, the financial constraint effect might be quite different and might

4

even affect negatively the supply of both commodities. In fact, when the

Jrate of growth of the government debt increases, the effect on the infla-

tion rate {is:

N,ogN N
82*81(Y2+63Y

aNy -3 _N
6m 1-0%y, 1-6)Y,

N_agN_aN
(5.12) 34 Pgey = P¢) ) B,+83+81Y, N 3)

This effect might be positive or negative. 19/ If it is negative,
€the decrease in the expected tnflation rate will generate a posttive
financial constraint effect by increasing the equilibrium level of the
real monetary basgi Hence, the effects on the level of outputs will be
similar whether the increase in the government debt arises from a rise in

either vy or m. , However, {f equation (5.12) is positive; the real mone-
\

. \
tary base (deflated by either P, or atP:+1) will decrease, generating

8 negative flngncial constraint effect on the aggregate supply of both
commodities. In the latter situation, the level o} output of tradablg
goods will unaabiguously decrease and the-}evel of output of nontradables’
might decrease if the negative financial constraint effect outweighs the
positive relative pricg effect. Notice thlt.ln this case, ?utput
regponses are opposite to those resulting from an inctease\in gce-1 or
vee This example serves to illustrate once‘nore the inﬂbrfance of the
nature of an observed increase in the government debt.

Even under fixed eichnnge rates, in the short run the general price

’o level 1% an endogenous variable and hencé in a model of the kind pré-

. sented here, money is not euperneutral. 1t'-ight inl!ead have perverse

o . 4
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short-run effects on output levels.

Finally, consider a positive temporary monetary shock x,. Once
dgain the price level of nontradables will increase and the level of
reserves will decrease, but this time the magnitude of changes will be
smaller than those corresponding to an increase in vy. 20/ The obvious
reason¥for this result is that economic agehts know that the shock is
teu}orary and hence expect the level of government debt to decrease next

period. This expectation will negatively affect their eipectations of
the futurg general price lével.

Once more the relative price effect will be s{milar to that analyze;
above, f.e., it wtli favor the supply of nontradable goods. It will, |
however, be of a smaller &agnitude. The financial constraint effect will
be unambiguously positive iﬁ this case because there wili be an
unambiguous reduction in the expected inflgtion rate. That is:

N
(5.13) é(aLP§¢1-Pt) B?YZ =65

- ~ ' ¢~

Sx, 1-e?y3
‘ 3t
which is negativef The intuition behind this resalt as follows. Not

- s

ohly will government de&t decrease in period t+l, but the reduction in

—

the current level of foreiéq reserves will further reduce the level of

the honetary bage in_pe}ipd t+l. Hence, the expected value of the future

’

general price level will be lower.

2.2 An increase in the price levnl.of the tradable dgog

An increase tn'the_pricé level of the tradable good affects the
expected gcnetal,inflatlon’rate through its effects on the price levels

of both produced goods. In sddition, while such a change'does nog'affect




the curreat level of the beginning of period monetary base, {t does

affect the future level of the monetary base through its impact on the
b
‘ level of .reserves. -

Consider first an increase in eithe"p:_l or n Both the price

e”
level of the nontradable good and the level of foreign reserves will

L]

rise 21/ because this increase generates a "potential” excess demand for
nontradables and an excess supply of tradables. The effect on the output
levels of both commodities cdn, once more, be decomposed in a relative
price effect and & "financial constraint” effect. From Table 5.1, {t can
be seen that the relative price effect favors an increase in the supply
of tradables (since6§ { 1) and a decreage in the supplf of nontradables.

Since the current nominal monetary base at the beginning of the period

remains unchanged when there is a rise in the price of tradables, the

ftnancial constraint effect can be evaluated by analyzing the effect on

the expected future general priEe level. 22/ That {is:

]
o

(5.18) 8, p18,) 18] (Y, +¥5)+18) + (1-1) .
. spf_y 1-6YY,

wvhich is unambiguously positive becau!e|Y6| > |Y5| and eg > 0. This

r;s;lt is ntrnighcforvard. A permanent rise in.the curreit price level
qf the tradable good increnﬁgg the current level of foreign reaerves.vf.
This in turn 1nct;llen the next period monetary ;aae and hence generates
an increase {n the expected {nlée of the future general price level. -

Since the change in reserves does not affect the current beginning-of~

period monetary base, the increase in the expected value of the fyture
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general price level will be larger than the increase in the current
general price level; that is, the egxpected inflation rate will

increase. 23/, As a result, the current real monetary base (deflated by

atpig+1) will decrease, generating a negative financial constraint
effect. Thus, the supply of the nontrudable.good will unambiguously
decrease, while the response of the aupBTy—cf\tradables depends on the
importance of the relative pr}ce effect coupar&? to the financlal con-
straint effect. If the latter outweighs the fo;-er. the supply of trad-
ab{E} also decreases. Notice that the increase in the expected inflétion
rate, following a rise in the price level of the tradable good, is s
feature particular.to the model discussed here. Indeed, it is a conse-
quence of the tradfng sequence imposed 1in the model Py which firmg and

.

households deciaiona'a;e constrained by the availabdble nonetar}'base at ¢

the beginning of the period.

Next, consider an increase in the rate of;grovth of the price level
of the tradable good. Although the price level of the nontradable.good
will increase (on a larger nagni;u&e 24/ than ;he rise generated by an
increase in?t) this is the only case in which we have .not been able
to sign the effect on the level of reserves 25/ and tﬁua. the responses
of the inflation rate and‘the real nonetn;y base are—ambiguous. These
indeterminacies arise because when j* increases, there is a positive

. t

first round effect on the expected rate of inflation which ie not present

when'nt increases. The "impact” increase in ¢c91:+1 partially or
! . ]

, totally offsets the "potential"” excess supply of tradable goods geénerated

. .

by the increase in p:. If the negative effect of a rise of nt91:+1 s

on fr is large enough, the level of foreign reserves will decrease.

-
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Siniiurly, 1f the initial excess supply of t:adable; is large enough, the
level of reserves will increase. In the latter case, the future
beginning-éf-period monetary base will also increase, as will the
expected inflation rate generating a negative financial constraint effect
on the oytput levels of both commodities. However, it is also possible
that the Yevel of foreign reserves will decrease following a rise in j'.
In such i case, its effect on the expected inflation rate and hence on

the financial constraint effect is indeterminate. The only unambiguous

result inpinging on the supply of outputs is a relative price effect

favoring the output level of the tradable good. 26/

Finally, consider a temparary rise in the price level of tradables.
The price level of the tradable good and the level of f;teign reserves
will 1n;rease. This s a straightforward case. Because the public
expect the change to be temporary, the expected.future inflation rate of
the tradable good decreases. Thus, the Increase in the level of foreignm
reserves {8 larger when the rise in p: i3 due to a ten?orary rather ¢
than to a permanent shock. 27/
The rise in the level of reserves {ncreases the future beglnnin;[of— -
period level of the monetary base, and this will result in a final

increase in the expected future.general price level. 28/ As a conse-

quence, the equilibrium level of the current real monetary base (deflated

by atP1$+1) will fall qenerating a negative financial constraint effect
' 1 v
on the output levels of both commodities. Thus, the effects of a

temporary change in the price level of the tradable good are qualitatively

siiilar (but of a diffe?!ni magnitude) to those generated by a permanent

.
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change. 29/ The supply of the nontradable good will unambiguously
decrease, while the response of the output of the tradable good depends
on the importance of the relative price effect as compared to the finan-

clial constraint effect.

2.3 An increase in productivity or an exogenous change in preferences

that assigns a8 lower weight to current consumption

In either case, the price level of the nontradable good will decrease

and the level of foreign reserves will increase 30/ because both shocks

.

generate a potential excess supply of both commodities. In addition,

. .

either an increase in ug or.a decreaeé in € generates: (1) a relative
price effect favoring the supply of tradables; an§ (2) a negative finan-
cial constraint effect on‘the supply of both commodities. Result

(1) abote is obvious, and result (2) emerges because of the positive.
impact of the rise in tbe_furrent level of foreign reserves on the future

expected general price level, which in turn lowers the equilibrium rgal

monetary base.
Rl

'Notice one interesting result which emerges from the above analysis:

In the presence of a negative financial constraint effect, it is possible
that the output résponse of the nontradable good to a #roductivity ingrease

is negative. This will happen if the combined negat{ve "financial c!h-
'straint" and "relative price"” effects outweigh the positive dlr;ct effect
of a productisiby increase on production. 31/ This result ‘highlights
once more the importance gf tﬁe behavior of the expected future general
price level in an economy constrained by £ Timited qapital market. Any
chapge in an exogenous variable leading to ; rise in ‘foreign reserves

exerts an upward pressure on the expected future general prite level,
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because of its impact on the future beginning—of-period monetary base.

3. The i{incomplete current information case

As we did in the flexible exchange rate case, we will now assume
that agents lack full current information in the following ways: <9
(1) they cannot distinguish between a temporary and a permanent shock to
the government's outstanding debt; and (2) at the beginning of the period,
they do not observe the price level of the tradable good that‘willlprevail
st the end of the period. 4In this case, the model gives rise to the

following semi-reduced forms for ﬁt and f::

(5.15) p,

[}
X
o

- e - e
Wy feoy YWy e * Wy P Wy acPrel

‘e ) * e *t e *.e
+ WS pePeel * W ac(P )y ¥y (P dgap * Vg e (P ey

+ Wg up + Wip €

and )
(5.16) ét " 2ot 2y feoy t 2y 8 v 2 a:. *z, atP:+1
* 2y bté§+1 * 24 atp: *4 p: + 24 at(P.)§+1
* 29 5 (P Eay * 210 U * 2y &
where: * _

Wo = Xo + [Xp(1-1)/(6;+63)]

Wi = X1 + [X3(1-1)/(51462)]

W2 = X2 + [X2(1-1)/(681+462)] ‘ ' >
W3 = - (1-1)/(61+67) | |
Wy = ay1/(81+683)

Ws = §11/(81+483) '

g = Xy + [X4(1-7)/(81+67)] \

w7 = ay (1-1)/(8,+62)

Wg = 6; (1-1)/(61+62) \
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Xe + [Xg(1-1)/(81+07)]

X7 + [X7(1-1)/(8}462)]

[djag-d2bg+wp(dia)-dabz) + (dy+dob;
- (1-1)(dj+djaj+d2b))s]

d3 + (l-wp)(dja|-d2b2)

w1(djay-daby) -

-dt

- diayrT

- dsbg1

dpt

dab] + diby +1-dj

- dja; (1~71)

-dab, (1-1)

di1aj3 ‘
- dj

Notice that the currggnt price level of

V77

+.d2b1+1-d3);

a
the tradable good does not

apbehr in ‘equation (5.15). At first sight this might seem to imply that

an unanticipated temporary increase in the price lével of tradables does

not affect the price level of the nontradable good. 2&/ However, the

expectation of the future price level of the nontradable good, based on

the current end-of-period information set (bt§§+l)' is an argument f{n

eﬁuati&h (5.15).

If we forward equation (5.15) once, and take end-of-

period expectations, it becomes clear that btb:+1 is a function of the

current level of foreign reserves. This variable in turn depends on all
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v
the comporfpnts of the process governing the behavior of the price level

of the traded good. Thus, in the incomplete information case, {t {s
appropriate to conjecture a solution for ﬁt’bf the following form:
N ‘ﬁ aN aN aN :N
(5.17) pp = 8g + 6y £, + 8 gep + 83 @+ 8, (vpe+x,)
’ N N # N O % oN
* 9 Xpojat % Peoy * 87 5 * g

NS

¢ 10 Se-1 ¥ éNl u *+ 8y ¢

l t 12 ¢

where 8Ns are the undetermined éoéfficieﬂts.>

Notice that because of the assumption that economic agents cannot
distinguish between permanent aﬁd temporary shocks to the government out-
standing debt, there is a common coefficient for v, and x; in equation
(5.17). ~

In cantrast with the closed economy agd the flexible exchang; rate
cases, the beginning and end-of-period price level expectations are not
equal hﬁder fixed rates because it is assumed that n, and t; are only
known Qt the en& of each period. 33/ This feature of our model makes {ts
sqlution partiqularly cumbersome. Hence,.ra:hqr ;han present specific

solutions of the és, the remainder of this gsection will discuss Me
. - W

effects on the model's endogenous variables of removing the agsumption

"of full current information. .

3.1 The confusion between .permanent and temporary gonetary shocks. )

Al

- .

Under incomplete current information, tﬁe direction of the tesponses

of the price level of the nontradable gdod and the level of fptelgn.

reserves to an incr¢ase in the government debt, will be the same as in

0y

the full current information case. This is so because, in the full

. ~




179 .

current information case, the effects of both a temporary or a permanent
monetary shock were qualitatively similar. They were of different magni-
tudes, hgvever. Under full current information, the (positive) response
of the ﬁrice level of the nontradable good and the (negative) response of
the level of foreign reserves were larger {f they followed a permanent
;ather than a temporary change in the government debt. It follows from
this that if a temporary 'shock is mistakenly interpreted as.permanent,
the increase in pp caused by that shock will be larger than in the full
current information case. 34/ .

.In addition, under full turrent i{nformation, both shost generated
an increase in the real monetary base (a positive financial constraint
effecia and a relative érice gffect favoring the supply of the nontrad-
able good. Howevet, while the relative price effect was'larger after a
permanent monetary shock; the financial coﬁsttaint effect was larger
after a temporary shock. 35/ Thus, while both shocks gener{ted a definite
inerease in the ;upply of the nontradablé good,‘it could not be deE!Tnined :
thch shock generat;d the greater response. Moreover, al;hough the
response of the sﬁpply of the tradable good is ambiguous, a temporary
monetary shock might lead to an output expans}on of the tradable good,
even if a permanent shock leads to an output contraction of this good.
This result obviously follows because of the larger financial constraint

effect and the smaller relative pricé effect generated by a temporary

'

shock.

" From the above éonsidcrattons, it follows that, under incodplete b

current infornacion, the confusion between permanent and temporary
' /

monetary shocks cannot.change the direction of the response of the supply

*
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of the nontradable good relative to the full current information case;

only the magnitude of the output increase will differ between the two
alternative information sets. However, the confus{on between monetary
shocks might change the direction of response of the supply of trddables

relative to the full current information case. In particular, {f under

full current information, a temporary shock leads to an output expansion

while a permanent shock leads to an output contraction of the tradable

"good, a permanent shock mistakenly viewed as temporary (when lack of
. -

complete current information is assumed) might increase the output level

of the tradable commodity.

-

To sam up, confusion between permanent and temporary monetary shocks
- can only affect the magnitude of the responsés of the price and output
levels of the nontradable good, as well as the .level of foreign reserves ‘

relative to the corresponding responses under full current fhformation.

L

However, such a confusion can imply an increase in the output level of
the tradable good following a permanent shock, even in situations where a

fully anticipated permanent change would lead to an output contraction.

 nee

3.2 The lack of beginning-of-period observation of the cur{ggEAprice

level of the tradable good

In our model, output decisions are made at the beginning of every
period bas;d on the informat{on set available at the tin;. If the current
period price level of the tradable good is not known' at the beginning of
the period, agents must form expectations about it (which in the present

* »
case are equal to: ax(P ): - p:_l + j* - ty_y). In.this fixed exchange

rate case, agents cannot infer the value of the price level of the

e s AT




by less than in the case of an unanticipated permanent increase in the

“price of tradables. .t . ‘_ T ..

1 Bel

S
i ” -

. ‘ '
nontradable good by observing the beginning of period current level of .
the monetary base.. In addition, p: is an argument in the determlqstion‘
. A ’¢ , -
of pr. Thus, the short-run supplies of both commodities no longer depend

‘

on thir actual price leYels; iﬁstead, they depend on their. expected
price levels. 36/ Hence, the c;rrent oufbut Jpvels of both cbm@odities
will remain uthanged folloying either a permanent or a temporary shock V
to the price level of the~tradab1e good 1fnthat shock is unan;%pipatedt

' Now, sinée the outputs remain unchanged following an unanticipated

shock to p:. the price level of the nontradable good and the level of

) 3
foreign reserves have to bear all the adjustment. In particular, an
. o

unanticipated permanent shock will raise the demand for nontradables and

-

will decrease the demand for tradables 37/ implying that (given y,..and

§: congtant) the increase in both 5: and ft will be larger than in the
conﬁlete current infopmation case. If the unantigipated shock is temporary,
only the demand for tradable goods will decrease as a first round effect,

because a temporary shock does not affect bt(p*):+1' which is the foreign
B ¢
price variable impinging on the demand for ncntradable goods. However,

N
in subsequin: rounds, the increased level of reserves will increase the
expected future general price leveb, leading to a rise in tEs demand for

. .
nontradables. Thus, the price level of ngntradablea will increase follbw—i

ing an unanticipathd temporary increase in the price of ttadablés..but

v .

»

e - > 1-“ R
To sum @p: relative to the full information case, incomplete™

beginning-of-period knowledge about the current period price level ofgthe
Cm a
tradable good results in a larger response of both p, and fy tvo an -

. .

.= , . . - Y
» . .
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unanti&ipated change in‘B:. Also, the increase in the price level of

the nontradab}e>éood will be larger if the unanticipaied increase ;n the
! ) price of the tradable good isApernan!;t. In contrast with the full
current information ;ase, no outht response will follow an unanticipated

foreign price shock.

4, The effects of a devaluation

As stated in the introduction to this chapter, the excﬁange rate is

treated here as an éxogenous variable. Hence, in order to analyze the
effects of a devdaluation, it is necessary to ;pecify the process governing
the behavior of that variable. In particular, it will be assumed here
that the exchange rate follows a random walk, that is:

(5.18y 8¢ = 8¢-) *+ &¢ ' '

\.

wheye £, is a white noise disturbance independently distributed from the

) other disturbances in the model.
As was also-stated in the 1n:r6duct(on, the rule described by (5.18)

is assumed to be known to the public. But even if the rule is known, the

) current value of £, may not be observ‘%le. Thus, there are two cases
to be considered.

4.1 The full current information case

In this case, both e,.; and & are known variables at the beginning
of every period. Since 8¢ enters into the‘syaten of structural equations
in the same way as p: does, the economic effects of an anticipated:
permanent devaluation, {.e., a rise in %, are identical to the effects

generated by a permanent rise in the price level of the tradable good.

- ) w,:,‘,,, . e f - g
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That is, the price level of the nontradable good and the level of foreign

4

reserves will rise, the output lével of the nontradable good will decrease,
and the output level of the tradable good will decrease if the financial
constraint effect outweighs the relative price effect. Hence, a fully
anticipated devaluation may be contractionary in the short run. This
result contrast with that obtained fron.traditional tradable-nontradable
frameworks of the Dornbusch kind where the short-run effect of a devalua-
tion only‘reallocates resources from the'suéply of nontradables to the
supply of tradables. 38/

4.2 The incomplete current information case

Assume now that, although economic agents know the rule (5.18), they
do not know the value of §; at the beginning of period t. In this case,

the effects of an unanticipated -permanent devaluation, {.e., an unantici-

pated rise in £, are identical to those effects generated by an unan- )
ticipated permanent rige in the price level of the tradable good; That

is, the rise in the price level of the nontradable good and the le;el of
foreign reserves will be larger if the devaluation is unanticipated than
££.1L is anticipated. In addition, an unanticipated devaluation will

have no current effects in the output of either cpnnodity. "This result
contrasts with:that obtained from models which st?eqs the effects of

price misperceptions on aggregate supply. in those models an anticipated

~

devaluation has no effect on the output level, while an unanticipated
’

devaluation does. 39/ The opposite result ariges here. This {s an

interesting conclusion because, to the extent that real world economies

ar: properly described by the features of this model, we may conclude

3
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that an unanticipated current devaluation will increase tne level of
foreign reserves without hurting the current levels 6{ output and eéploy-
ment of those economies.:. However; notice that in'period t+l,'£t will be’

part of the fnformation set and hénce the unanticipated devalwation of

* " -

period t might then have the contractionary effects which an anticipated .
devaluation would have had ‘in period t.. That isy the output effects of

an unanticipaied devaluation will not be eliminated, but only postponed.

5. $unnarz - ) o . .

-

* - !
This chapter has solved the model set up in Chap!ef 111 for the.

fixed exchange rate case, and* has considered the effects oY changes in the
level of government debt, 'the price of the tradable goods, and the exchange
rate (a devaluation) on the qutput levels of the domestically produced - -

commodities, the price level of the nontradgble goods, and the level of

foreign reserves. It has-been shown that the domestic ffrnsﬁ‘need to

-

finance wotklns capital in advance from a8 dowmestic banking sector (the

financial cbnstraint) has important. 1np11cations for the econony 8 response

to such exogenous shocks,
In perttcular;-if thé financial constraint is'atrong enough, an
' anticipated‘riee in the level .of the governament debt will be expansionary,

while an antlcipated rise in the price level of the tradable good or an

anticipated devaluation will be contractionary in the short run. These )

. - .

results contrast with the resilts generated by models.of the Dornbusch

' type, where only lhort-tun allocation effects. are generated.

L

. In addition, in the ‘mddel of this chepter, ‘'a permanent monetary '
A ' -

. -

shock might generate an 1ncrenue in the' gutpug of both connodities if it.

' ~ -

? . ) p&
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-

:s mistakenly viewed as temporary ev;n iﬁ situations where a fully antfc~-
ipated permanent ;oneiary change would lead to a reduction in the output
of the tradabl; good.

Finally, aq‘unanticipated devaluation or an unanticipated rise in
the price level of the tfadable good will have no current output effects,
but might lead to a contractfon of the output of both goods in subsequent
periods. This result differg from that arising in models where price
nis;erceptions enter the supply functions, because in those models, an

unanticipated devaluation leads to an immediate, albeit short-run output

expansion.
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FOOTNOTES TO CHAPTER V
':‘\\._

l/ With the obvious allowance made for the constant of linearization:
wl.

2/ Notice that the assumption of fixed exchange rgtes implies thatr the
distinction between the domestic and foreign values of the foreign exchange
reserves can be ignored. -

3/ In the remainder of this chapter f; will alwvays stand for the end
of period level of foteign ceserves since that is the relevant eadogenous
varisble. In addition, the predetermined level of reserves at the begin-
ning of every period: g¢fp equals the end of the previous period level of
reserves: fpe.). . N

« 4/ The assumptions that §2>a) and b2>a) established in Chaptet 1V to
assure stabtlity are msaintained in this chapter.
A .
5/ In the tradable-ndntradable short run fra-ewbrk foreign reserves
are not constrained to adjust such as to obtain steady state equilibrium.

d d
.. - Ce L GR/RD sy (gHe /PeS,)
T Sl /Py g Safe7PeSey My - ]
~ ' . lﬂt : o - - . .
- — <1 -
.L. JE(PLea) + oH,
* : é . e * d ) ' *
1 s (R, /R _sahy L ERL)/RS)
d * © o a%d
S(E(PLy 4y )/By) K S(ECPL_ 4 /RS, (z*yd |
I E(PIe41) ’
gt '
- - - <1

.g.'. utE(Plcﬂ) + gl

8/ 1t might be interesting to consider the case where the financial
constraint effect derived from the increase in gcy:  ajw; equals the
relative price effect caused by-auch an ingrease: © v
1(§uwy-ajwy)/(1=14¢8+62). " In that case, the supply of tradable goods
will remain unchanged and foreign reserves will decrease in the same
proportion to the increase in the de-and for tradables multiplied by 'the’
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constant d2; that is, reserves will decrease by dbjwy, and hence:
8f, /6gc <1l 1f b2<1, which is che csse in this model. However, it will
be true, in general,

1($2w -8y )

T-t+6,465 which implies that the supply of tradables

that: aju >

will experience a net increase, that is, the financial constraint effect
will be bigger than the relative price effect dampening the decrease in
reserves and, hence, contribdiing to the stability of the model.

9/ Assuming d3 = 1 implies also d} = d; which {s a convenient result

(see equation (5.4')).

Proof: from Chapter III, we have that:
4 = 1l/qy
d2 = q2/q; .
43 = = (1-a3=q2)/qg
This {mplies that: : 7 .
d3 == (dy=dz-1)

For d3 = 1, it is necessary that: 1 = dj

10/ In a model of a.Dornbusch type whera f, enters the demand for out-
put t equations, the only inpact effect of a change in fr-1 is to iAcrease
fr proportionally. However, "second Tound" effects will increase the
demand for both commodities, rising the price level ‘of..the nontradable
good and causing reserves to decrease less than proportionally to the
original change in fo_j. The ‘net effect (adding the first and consecutive
rounds) will then be a less than proportional increase {n the level of
reserves which implies that the Dornbusch model does not generate cycles.
In the model of this chapter, a change in f,_) involves both a direct
positive increase in reserves and a monetary base-induced decrease in
reserves. -Both effects are "first round” effects.

11/ Notice that if d3 < 1 thé model will also be stable; but then
(Gftléfs.l) might be less than zero, which would imply that the
convergence pattern would exhibit dampened cycles.

.

12/ The demgnd for tradables decreases because of a reduction in both

‘the expected inflation rate and the real monetary base evaluated in terms

of the tradable good. Notice that the demand for nontradables will not
be affected since the relevant deflator is the price of nontradables.
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13/ vhere:
Xg = [8g-ag=a)ug+6oun+(1-1) (148, +ay )]/ (1-1+61+87) - N
| X1 = [(1-wp)(82-81)]/(1-1+8;+83) ‘
X2 = [01(62-a1)]/(1-t+§L+62)
X3 = [1(6)+ap)]/(1=1+81+82) -
Xg = {1=-1]7(1-1461+87)
. Xs = [(1=1)(81+a1)]/(1-1+61467) R
' Xe = [-a3]/(1-1+81+83) .
X7 = 1/(1-1467+63)
Yo'- (d; T(ag*a wy=84-6,uy, + (61+62)5 - (l-r)(al+61)§)
+ (1-r+61+62)(dlad—dzb0+dlaluo-d2b2uo)+ (1-d3+&2b1+d2b2)§
- (1-7)(dja +dyby)8) ]/ (1-T+8,+65)
A Yy = [dyt(1l-wy)(a1-6p) + (l-t+61+62)(a3+(1-w1)(dlal-dzbz))]/
* (i-r+61+62) .
/ Yo = [dytwy(ag=67) + (1-1+8;487)w)(d1a1-daby) ]/ (1-T+61+67)
2 Y3 = - 1[dyt(ag#6y) + (1-1+81+463)(dja)+d2b)) ]/ (1-T+6)+67)
Yy = [d)1(81+45)) + (1-r+61+62)(1-d3+azbl#dzb2)]/(1'f+61+62)
Y5 = = (1-1)[d;1(a1+8y) + (1-1487)+63)(dyay+d by )]/ (1-T+61+67)
. Yo = [d1a3(1+61462)]/(1-1+81482) '

Y7 = =[dpt+ (11461 487)d 3] /(1~1481+62)

4 14/ Even when the demand and supply of tradables remain unchanged, its
value increases proportionally, leading to a proportionate change in the’
level of nominal foreign reserves. .

15/ This is so because 0; <1 and (in equation (5.10)):
| 6, /6gce-1 | ( l_sinceIYzl <1. '
16/ Since p, 1is an exogenous variable, *the analysis of the expected

¢ h general inflation rate can be conducted by solely considering the s
. expected inflation rate of the nontradable good. )
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»

17/ Notice that although the expected inflation rate decreases, the
net effect of an increase in gcy i8 a less than proportionate change in
atpit+1 but the change might be positive or negative.

From equation (V.3.2) it can be seen that the effect: of n increase
in gc, on the expected inflation rate can be decomposed. int

1. A direct effect = Gg > 0 (see equation (V.3.5))
2. An indirect effect caused by the reduction in the level of

foreign reserves: e?éf: ) 6? (Y2+Y39g)

0
) 6gct_1 1'8¥Y3 .
Adding up both effects. will give:
N N < N
N
1-aly, 1- e"Y
. which will always be less than one (in absolute terms) since (I-GTY3) > 0.

A sufficient condition for the above express{gr to be positive {s
. |8 |>[¥,]. That is, the increase in the expected level of the future

price resulting from an increase in gc. be greater than the resulting
decrease in the level of foreign reserves.

In the case that lB | < }GNY |, the above expression will be nega-
tive implying that. the expected future price level will decrease following
an increase in the current government outstanding debt. In such a situa-
tion, the real monetary base will increase even further generating a
stronger positive financial const¥aint effect favoring the short-run
expansion of both commodities. :

. 18/ > 62 and (in equation (5.10)) 6ft 6ft .* This 1is so
. 6\': &

because when m 1ncréases, there will be an additiohal increase in the
néxt period level of the govirnment's outstandifg debt, which generates
additional pressure on the "potential™ current excess dedands for both
commodities through its affects on the expected future pric® level of the

.- e

P et e n e e

nonlnldnble good.



19/ -Notice tHat even if the effect on the expected inflation rate

negative that does not {mply that pi .y decreases. In fact,

e
6atpt+1 is positive in gen{ral.

Sm d

Proof:
[ -
N,y _oN
NN \ 85(1-87Y5) .
93405 = 8 + —— (from equation (V.3.6))
273 2 N
1-61Y3—X3
N N
= 9 2U-8)Yy) Xy
N Ny _

T

The first term inside the brlackets is greater than 2 since

L

is

(1-8¥Y3)/(1-8¥Y3-x3) > 1. The second term inside the brackets is less

than one since X3 < 1. Hence, the expression in brackets is greater than

one.

1

.
Thus, 9?+8§+6?Y2 is positive in general since|[Y,| < .1 and 8

If the rise in atp:+1 is more than proportional to the increase in m,

the expected inflation rate increases; otherwise it decreases.

20/ e§~< eg (see equation (V.3.8)); and (in equation (5.10):

of,
Gxt

6f \. .
égce-1

21/ 3¥~> 0 and (in equation (5.10)): dft Y44Y5;Y}6$
- >0
6p:_1 1-oY

1Y3
because |Y,| > [Yg+¥;| and 6} < 1.

Proof: |Y4] = d)1(81+83) + (1-1+61+85) (daby+daby)

-

1-r+61+éé o

N ¢,

e -
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1 [Y3+Yg = dlr(a1+51) + (1-:+81+87) (dyjaj+dyby)

1-1+#61%37

22/ Since p:+1 is a component of pi,,,
. solely
\\‘\.l yd of the nontradable good.
23/ Proof:

N N N
§(qePlsy=Ply) T8 (Y, +Yg)+18y - 183

-
h

*
Pr-1 1-6§Y3

which {s positive (see footnote, K 21).

24/ 83 > oY (from equation (V.3.10)).

[Yql > [Y3+Ys, since 33 > ay; by > ay; dy = dp; d3 = 1.
3*rS 2 1 2 1 1

y 1t is'no longer possible to

concentrate on the effects of a rise in P, on the inflation rate

*oN N
187 (Y, +Y5+85Y3)

v N

25/ From equation (5.10): Sfn Y4 + 2Yg + 13(e§+e§)

: : | 59" 163y,
whi . | ) i N, N ¢
ch will be hegarive {f [Y,| .C {2Yq + ¥3(e7+98)|
=N o .
26/ 85 < 1. ' ‘
f 8F o -
. 27/ Notice that t t, (see equation (5.10)).
Sty Sve
-

{ .
28/ ?6(acpi§+l> e?Ya

N
St, . 1-8)Y,

.29/ Notfice however that although atpi:
temporary shock, the effect on the expecte

ambiguous because of the negative impact
price level.

N . eN -
\ 30/ 8], < 0; 8)53 >0

which is positive

+1 lncreases following a positive
gengral»inflation rate is
of ,¢Prs) O the future general

-
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and, in equation (5.10): °ft - Yb > 0- and éft - Y7
5 -aN ! s € —uN
out 1 61Y3 . oFt 1 61Y3
o gV N (1-1).
31/ That is, 1f: |ag) < | a; 19 Y | 81201 ‘)i
i 1—8‘¥ 3 i
32/ The terms involving the price of the tradable good in equation
(5.15): .
*e _ * *
at(P Jg = Peo) * te-1

*e -* ﬁ-.
at (P Jg41 = Pey * 2 Ce-1

*. e * * _
pelP Jea1 = Pe-1 * 23 + g -ty

do not include the variable t..

33/ The confusion between v, and x. does not generate a discrepancy
between beginning and end of period expectations because the distinction
between the shocks is only known with one period lag., In addition, in
the flexible exchange rate case all the components of the price level of
the tradable good (anticipated or not) have no effect on the price level
of the nontradable good.

[y

34/ As in the closed economy case, it is postulated that:

. 2

E (x¢) = g1 (vg + x¢) where g = 5
g o
Cov x

The higher the relative variance of the temporary shock, the lower the
response of the price level of the nontradable good to a monetary shock.
This 18 so because the higher g;, the more a permanent shock will be ¢
oonfused as transitory and hence the lower will be its effect on Pe -

35/ Comparing equations (5.11) and (5.13),.it can be concluded that
the decline in the expectéd inflatfon rate following a monetary shock was
larger i{f the shock was temporary than {f it was permanent and hence the

increase in the real monetary base was larger under a temporary monetary
shock.

22/: It i{s important to recall that here price misperceptions of the.
Lucas type are not an argument {n the supply functions.
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37/ The deuan for y, will increase because of a rige in bt(p )
The demand for y: will éecrease because of a rise {n P,-

38/ See, for example, Jonsor armd KierzRowski (1975). -

39/ See, for example, Burton (1980), where a devaluation is taken as
unanticipated if the current value of the exchange rate does not enter in
the agent's information set.

.
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APPENDIX V.1

g
PROOF'-IAT THE FORWARD SOLUTION IS THE STABLE SOLUTION F@R THE
, DETERMINATION OF THE PRICE LEVEL OF NONTRADABLE GOODS

Taking, beginning of period t, expectations from equation (5.6) and
\
rearranging, we obtain: \\\

1

-1 * *
e — e o = e
. atPesl T X; atPe "y (X0t Xp feog* X gee* Xg pet X5 o0 (P )y

or, using the lag operator L:

-1 _ 1 e .21 *. e
, X3) atPr © X, (Xg+ Xy foo1* Xp 8¢+ X, PEY Xg o (P54

+ Xg uet X7 €]

The forward solution will be the "stable'" solution 1if .3| < 1;

whrich i{s the case given the parameters of the model.

~
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APPENDIX V.2

TEST OF THE STABILITY PROPERTIES OF THE MODEL IN
TERMS OF THE BLANCHARD AND KAHN METHOD

Equations (5.6) and (5.7) can be recasted in matrix form of the kind

suggested by Blanchard and Kahn (1980).

- - - - - -

£, N1X3-%Y3 0 Y3 ) e
X3 X3
e X
atPr+l - 1 Pe
L b U X3 310 |

YoX3-Xo¥3  YpX3_Xp¥3  Ya(¥4_Xg)  Y3(¥s_Xs)  Y3(¥g_Xe)  Y3(¥;_X;)
X3 X3 X3 X3 X3 X3
+
X 252 ) _3s X 5
X3 X3 X3 X3 X3 X3

.

* *e -1
1 gey  Pe aePMesr Y

a -

where f,_1 18 a predeterﬁinad variable in the model and p. is a nonpre-

determined variable.

Following Blanchard and Kahn, the model will be stable {f the 2x2

matrix multiplying the vector fe-1] (which we will call matrix A) has

Pt

one root outside the unit circle and one inside. .

The characteristic equation implied by matrix A is:

..
.

--2 - _ -— -
X3 AC + (Y3X1 Y1X3 1) A + Y1 0

with rootsg:

-




o mwener

- 1 * v 2 ‘ H
M= ogxg TR T YpXy S1) v (¥X) - YyXy - 1T - 4Ky
T, = o (=(YaX; = YyXq.-1) = "(YaX, = Y{Xq = 1) - &% %!

2 " 2x3 73N T s 371 7 1% 173

Now, from Appendix V.3 the term: (Y3X; - Y;X3 - 1) is equal to:

T (51 + 81) .
- -~ 1, which 1s negative and greater than one in
1 -1 +68)+ 8

absolute terms. In addition:

T (61 +81)
Y1X3 = + X1Y3
1 - 1 + 61 + 62

« 80, the term under the square root equals:
5 r2(61 + al)2 61(61 + al)
(Y3X1 - Y1x3 “1) -4 YIX3 =1 + - -
(1-1 + 6+ 6,2 1-7 + 8] + 6,

4(1~w1) (82 - a1)(d1)lay + 61)
+

~ 1-14+8) +6;

which {8 positive and greater than one, but less than:

1 + F(él + al)

(1 -1+8;) +67)
since X3 < 1: 0 <X} >1
0<X<1

and the model satisfies the stability conditions.

-——
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. ' APPENDIX V.3

DERIVATION OF THE FINAL SOLUTION FOR THE PRICE AND
OUTPUT LEVELS OF THE NONTRADABLE GOOD

Leading equation (5.8) in the main text once and taking beginning

of period t expectations, we obtain:

e . aN. oN N N, oN
(V.3.l) ﬂtpt+l . eo + 61 ft + 62 gct_l + (92+83)m

: N N_oN - gV N _x
* 87 vp H(8p¥8g)xy - 8 Xy * 87 Py

N aNy® o oN N _ N
s(ofeof)s™ + of n. + (ofe de, - ofe

»

Now, equation (V.3.1) 1s not a reduced-form equation since it {nvolves

N the endogenous variable f..- To solve this problem, substitute equation
4

(5.7) of the main text into equation (V.3.T) and solve for ;tp:+l to .
obtain: '
]
. 1 * -
e N_gN N
1—51'1'3 : .
+ (ellqu2+e}2‘)(5ct-l+vt-xt-l) - ) )
~ .
+ oYy, +05+e))a
+ (o)Yy+oleofx,
i +

Ny ooNyeo®
(°¥YA*°1Y§+°7)(Pc-l*“t‘te-l)

+

oy, 208y +0l+ef)y"

+ oYy ref+el e,
L4
W
¢ + (61Y6)ut

b e)Yy)e,
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Substituting equation (V.3.2) into equation (5.6) of the main text,

the final solution for the price level of nontradables is obtained:

(v.3.3) p, =

eNy
1-87Y5

+

+

+

+

+

+

4+

+

N N '
IXO xoe Y3 + X38N + X3S YOJ ’

_ N N
le X)01Yy + X38)Y,] £,

~ x.gN N -
(X; - Xp8)¥5 + X36YY, + X388 (ge _ +vi-x,_;)

Xy - x2°1Y3 * X38)Y, + x392 + X383] o

(xz‘x2°1Y3K‘;3¥Yz*x3°z*x3°6] Xe
) TN

[(x6+x5)(%2B Ny, )4x, eNnyﬁ'eNy5+§Ge I (o} D

e-p e -

é \_;.-"
N, gN
[(x6+zx5)<1 -8 y3)/x3e"ya+zx3ely +x3(e +9g)] |
T

[XA—X581Y3+X391YQ+X3(97+911)] tt

‘A

N ' - -
[x6-xbely3+x3e§Y6l u, \

) N
[XZ-X761Y3+X38TY7] E;J

P

Finally, equating coefficients among equations (5.8) and (V.3.3), the

solution for the 6Ns are obtained. In particular:

(V.3.4) e? - -(X3¥1-X1¥3-1) * “(X3¥;-X;¥3-1)2 - “Y3X1{

2Y3 o N



them, we will follow McCallum (1983) by imposing the requirement that

N

*

Theére are two possible solutians 1/ for 6?.

To choose between

the solution for 6, must be valid fqr all admissible values of the

structural parameters. In particular, f._j appears in the splution for

pr because it forms part of the system (equation (5.6)). In the special

case in which X;=0, fy_y would not be an argument for p, and hence, would

‘not be included in the "minimal set of state variables." Thus, BT would

be equal to zero. But from equation (V.3.4)

it 1is clear tﬁat 8?

=0

P
would be obtained (under the assumption X; = 0) only if the negativae root

is used. 2/

The parameters of the model will imply 6? to take a positive

.

value 3/ and hence will allow us to sign the test of 8s.since they are

functions of 6?. Thus :

(v.3.95)

(vV.3.6)

(V.3.7)

(V.58

-

(v.3.9)

\ .
ON - 91(X3Y2-XZY3) + Xy

2
1‘3¥Y3‘X3
N N T,
o 85(1-8,Y3) - v
o 2 1 3 5 0-and 8Y > o
3 0 3”8

1-0)¥3-x3 #  }

e o ‘
-
- b

N N —~aN 2
b = - 2?5:762,'

ol oK o <
—-82(1~81Y3-X3)
N BRI g g of < of

0
s,

,;). 1-9§Y3

. (1-87Y3) (X, #X5) + X38) (Y4+Y)
7T '

-eNy. -
1 91Y3 X,

>0 and less than one. 4/

>0 sinqe|Y6|>|Y5|;
and Bg <15/

-
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(V.3.10) eg -8 4 —— > 0; and eg > o)
¢ . 1'61 Y3-X3
(V.3.11) 85 = = 8}, = 8}
L

N N

v.3.12) oY, > 0 since Y, > 0; and 8)y < 1 6/

1-6Y,

N N
X, (1-67Y,) + X,07Y '
6 3 3 6
1 1 < 0 since X6 <0

N
(v.3.13) 8
‘12

N N
X;(1-61¥3) + X;87Y,

(v.3.14) el > 0 since X; > 0

181, ’

N N
. eJda 0 -

>0
1-eYy-x,

The final solution for the levels of output of both commodities are

found by substituting equation (5.8) and (V.3.2) into equations (3.70)
and (3.71) of Chapter 11I. Since the sggregate supply functions of both

commodities only differ in the constant‘acconpanyiné the relative price

term, it will be encugh to preseni here the solution for the qaptradable

goods. Thus:

Al

W oy § - -~ e I . 3 e
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X i
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(V-3.16)  y3 = [ag+ayu, -a;1(88+8}Yy) - &, (1-1)E+(1-1) (e} -5))
g ‘ . - 1-ely, |
+ (a;(1-wy) -aytdy, + (-0el) £,
1-8}Y 5
+ lagoy -alr(Sng-t-eg) + (I'T)eg](sct-lwt"‘;-l)
NG
+layoy -agr(ey,eoli+el) + (-0l a
1-6y, .
+ layo -ay )Y, + ({f?7&§} Xe
, 1-8y, :
- hl”?“bﬂs)*‘l'e? + al(l-r)-(l-‘r)(e;‘—l)] (p:_lmr_-tt_l)

-oN
1 91Y3

~

lag7e] (Yy+2¥5) + ajr(efrol) + 22, (1-1)-(1-1) Ve§-1)) 3*

P - 1"6?Y3

fa,1edy, - (-uely-1 ¢,
1-8),

. - [a)70)Y¢ - 8Y,(1-1)-a3] u,
1-elY,

- [alre?Y7 - (1-1)6T3] €

1-8t,

t
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. . FOOTNOTES TO APPENDIX V.3

1/ The roots from equation (V.3.4) are real since the term inside the
square root is always positive. This (s so because Y3 < 0 and X; > O.
The fact that the roots are real is an indication that the model posses

an economically gensible salution.

2/ X; =0, then:

N .- 1y ¢+ ¥ ~132
o) (X3Yl 1) = (X3Y1 1)

N 2Y3‘
oY will be equal to zero only if the negative root is chosen because
X3 and Y; are both positive but less than one.

3/ (X3Y3-X;Y3-1) will be negative under the simplifying assumptions:
d); = dy and d3 = 1. Recalling that a requirement from the microfounda-
tions of the model is: 67 = bp; then:

[

1(61+ay)
-(X3Y1-X1Y3—1) - ——————— =1 Ghich is negative and less than one
1- T +6,45;

in absolute terms.
Next consider the, term under the square root:

1+ r2(31+.1)2 21(8,+a;)

(X3Y; =X Y3-1)2-6Y 3X o=
: 1 (1-146,46,)%  1-146, 45,

4(1-w1)(69~-a1)(d)1)(a1+81)(146,462)

g+ 3

which is positive and greater than one. Since the rehevan: root in equa-
tion (V.3.4) is the negytive root and since Y5 <0, 8) will be positive.

4/ Under the restrictions imposed by the microfoundations, X3Y;=XjYj3.
X2 o
Thus, Bg ® —e, which i3 positive but less than one.
1-6y;-x,
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5/ Equation (V.3.9) can be rewritten as:

N
o KX ¢ 8y (Kg¥y ¥ Xg¥s - YaKy 7 Y3¥s)
7

1-8) ¥3 - Xy
Now X3Yg5™ 3 YiXg

Also, under the restrictions imposed_by the microfoundations:

X3Ys - ¥3X4 = -Y3 oy
so: N (X4+Xg) - 9?‘13 N .
oY - ~ a
.7 N .
1‘91Y3-X3

which is positive, since: (1 - X3) > 0 and Y3 < 0. In addition:

'(X4 + XS) < (1 - X3); hence, 8'-,5 is less than one.

6/ Equation (V.3.12) éan_be rewritten as:

N . .
Xy + 01(Ky¥y¥3%,)

oo -

: A 1 - 8)Y,

But X3Y4 -Y3X4 = -Y3 :
L]
[ 4
x, -oNy

. N 4 Y1%3

80: 81

0T T .
1 - ey,

Hence, 9?0 is. less than one, since Xa <1 and Y3 < 0.
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CHAPTER VI

CONCLUS IONS

This thesis has set out a model of an economy in which firms are

constrained, before engaging in production, to finance their advances to

labor and gheir purchases of commodi;y inputs by borrowing from a domestic -
banking ;ystem, which in turn constitutes the entire.financial system of
the economy. The major 1gp11éation of this "financial- constraint” {s that
the supply of output comes to depend positiveiy on the real value of the
6oﬁetary base. This result céktrasts_with that obtained in models which
introd;ce real money as a wealth variab}e th;t impinges positively on
desired 1eisufe. and hence negatively on supplies of labor and output.

In the ciosed economy version of the model, the most important result

-

to arise {s that a fully anticipated fncrease in the rate of growth of the

monetary base or a fully anttcipated temporary decrease in the level of

the monetary base results in a reduction in the equilibrium level of out-

put. In addition, the real wAge rate and the real fnterest rate are af-
fected by such monetary chianges. Thus, money is not superneutral i{n this
wodel and the Fisher effect does aot hold. All of these resulgs are a
consequence of the "financial consgraint" assuhptioﬁ. Under éhe aBsump-
tian that agents cannot ai;tinguigg, in Ehe short run, betweeﬁ permanent
and temporary changes in ;he ;onetétyAbase, even permanent monétaty'ghocks
have real effects. The lower the relative variance of the temporary
shock, the lower the output effect of a ;ermaneht'shock.

» Real disgurbances also havpbiuportaht effects in the ;odel. While an
1ncre§se in productivity unambigdouslf résultg 1n.an increase in a output,

-an exogenous change in preferencas\:T general has an undetermined effect

2Q5-



S s o e e o T . PUP S war <y T >

206

on the level of output and might even have zero effects on output if

certain restrictions on the model's parameters imposed by the micro-

foundations are strictly imposed.

Velocity is an endogenous variable in this model and it depends on
both nominal and real factors. While the velocity of money (which equals
- : tofal demand deposits in this thesis) is bound to be less or equal to one,

the velocity of the monetary base can be less or greater than one depend-
ing o the reserve ratio imposed by the monetary authorities,

Turning to the open economy vers}on of the model, the assumption that
the domesti¢ economy produces and consumes both tradable and nontradable
.goods implies that the supply of each output depends on their relative
price in addition to depending positively on the real monetary base. Thus,
the effect of changes in the exogenous variables on the levels of output
can be decomposed in (a) a "financial constraint effect," and (b) a "rela-
tive price‘effécc."

In the flexible exchange rate case, it has‘beeﬁ shown that the micro-
‘foundationa of-the model imply that, when a monetary change occurs, the
financial constraint effect always dominates the relative price effect.
Hence, any monetary change that results fn a decrease of éutput in the *
closed economy case, also results in a decrease of the levels of output
of both goods in the flexible exchange rate case. The only new result to

‘\:Eerge in the flexible rate case concerns the exchange rate itself. A
confusion between permanent and temporafy monetary shocks implies that a

permanent monetary decrease causes the exchange rate to "overshoot" rela-

tive to its full current information level.
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In addition, a change in the price level (or in itﬁ‘rate of growth)
of the tradable good, anticipated or not, only results in an inverse and
proportional change in the exchange rate leaving the price level of the
nontradable good and the output level of both commodities unchanged. It
has been shown that this "insulation proposition'" arises in this model
because the price level of the tradable good and the exchange rate al-
ways enter together in the decision rules of the economic agents and in
"the alternative information sets assumed to solve the model. If the ex-—
change rate were assumed to be observable at the beginning of the period,
while the price level of the tradable good only became observable at the
end of the period, the insulation proposition would not hold even under
the assumption of zero capital mobility imposed in this thesis. As !o
purchasing power parity, it is ?ot assumed to hold in thf: theéis. In-
stead, it ii shown that the maintenance of purchasing power parity fol-
lowing a monetary or a real shock depends on the relative elasticities
of demand for tradable and nontradable goods. An additional result is
that while an increase in productivity‘always results {in an increase in
the output levels of beth commodities, an exogenous change in preferences.
may result in an increase in the output level of one commodity and a
decrease of the other, if the exogenous change in preferences generates a
relative price effect.

In the fixed exchange rate case, the output effects of an anticipated
change in government debt, or in the price level of the tradable good or

of a devaluation, depend on the importance of the financial constraint

effect as compared to relative price effect. Specifically, if the

[ LPO. . - - - R
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\ financial constraint effect 1; strong enough, an anticipated rise in t;e
level of the government debt will increase the output of both com—
modities while an anticipated rise in the price level of the tradable
good or an anticipated devaluation-will fedu®® them. These results con-
trast with those generated by models of the Dormbusch (1973) kind where
only the rela;ive_price effect is present. Moreover, the possibility
that agents confuse permanent and tenporary‘moneta:y‘ghocks has important

-~ -
///'implications for the model's behavior. Specificsally, a permanent monetary

< .

shock mistakenly viewed as temporary, might generate an output increase
for both commodities, even in situations where a fully anticipated perma-
nent change would lead to a reduction in the cgtput of the tradable good.

Finally, neither unanticipated changes in the price level of the
tradable good'nor an unanticipated devaluation affect the current level
of output of either commodity. Both might lead to a contraction of

output of both commodities in subsequent Yeriods, however. This result

contrasts with those of models where price misperceptions are an argument
in the aggregate supply function. In those models, an unanticipated
devaluation results in a short-run output expansion.

Although this thesis has analyzed the effects of a variety of méne-
tary and real shocks in an economy with limited capital markets, much
work remains to be done. In particular, fiscal variables have npt been
considered here and the role of the govern;ent has not been investigated.
This is an important omission since it 1; a well known feature of less.
developed countries, to which our financial constraint asnu&ption might

.~ be particularly relevant, that govermments play a significant role in the

/
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production process. In gpite of these limitations, it is hoped that this

thesis has made a contribution by highlighting the importance of finan—

cial limitations in the determination of price and output fluctuations.
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