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Abstract

A two country overlapping generations model is constructed, in which
financial intermediation arises endogenously as an incentive compatible means
of economizing on monitoring costs. Because of the existence of transaction
costs, money markets in the two countries are segmented and investors have
differential access to international credit markets. The model is used to
generate predictions concerning the role of international intermediation in
economic development, and to examine the nature of business cycle phenomena
across alternative exchange rate regimes, Disturbgnces are propagated by a
credit allocation mechanism, which also lends a novel flavor to the model's

long run properties.




1. Intreduction

This paper is probably most appropriately viewed as a contribution
to the study of the consequences of international "capital mobility." Though
financial intermediaries which borrow and lend in many parts of the world
clearly play an important role in providing capital mobility, previous work
has omitted an explicit treatment of the intermediatien process. This omis-
sion was due mainly to the fact that, until recently, there have not existed
rigorous theories of financial intermediation. However, work by Boyd and
Prescott [1986], Diamond [1984], and Williamson [1986], among others, has made
some progress on this front. This work, in additien to applicatiens which
show how the intermediation process can be modelled in a macroeconomic setting
(e.g. Williamson [1987b]), permits a deeper examination of the manner in which
intermediation affects international capital mobility, exchange rate determi-
nation, relative incomes across countries, and business cycle phenomena.

In this paper, a two country overlapping generations (0G) model is
constructed in which, as in Williamson [1986, 1987b], financial intermediation
arises endogenously as an incentive compatible means for economizing on the
costs to lenders of monitoring horrowers. The model captures the important
characteristics of real world intermediaries in that these intermediaries
write debt contracts with borrowers, they borrow from and lend to¢ large num-
bers cf agents, and they carry out an asset transformation, making noncontin-
gent payments to their depositors,

Trade in goods and assets is unrestricted in the model, In particu-
lar, capital is perfectly mobile, in that there is nothing that inhibits
financial intermediation across international boundaries. The only constraint
on private behavior is a pertfeolio restriction that bans the holding of the

other country's currency from one pericd to the next., Agents in each country




have different degrees of acecess to international capital markets bhecause of
the existence of transactions costs, In equilibrium, the composition of
agents' portfolios differs, with some holding their own country's currency,
while others hold intermediary deposits that are backed by a diversified
portfolic of leans made to agents in both countries.

The core of the model, aside from the intermediary structure, is an
0G framework with inside borrowing and lending which shares features with an
example in Wallace [1980]. The OG model has not seen much use as a monetary
paradigm in international economics, with tﬁo exceptions being Kareken and
Wallace [1981] and Freeman and Murphy [1987]. The alternative approach which
much recent woerk favors is the cash-in-advance model (see Helpman [1981],
Lucas {19821, and Stockman and Svensson [1987]). The QG framework is used
here, first due to its convenience as a vehicle for embedding an intermediary
structure in a dynamic macroeconomic model, and second, because it highlights
the role of trading frictions in determining exchange rates (see Kareken and
Wallace [1981]) and the effects of the policy regime (here, the exchange rate
regime) on the degree of substitutability among assets.

Some of the results in the paper have as much to do with the mone-
tary paradigm adopted as with the explicit role for intermediation in the
model, For example, the exchange rate matters in part because money matters
in an OG model; that is, money permits an expansion in trading pessibilities,
and anticipated money growth is in general nonneutral. However, in other ways
the roles of money and intermediation are inextricably linked in generating
the results. In particular, transactions costs and monitoring costs permit a
financial structure with observable f-eatures. But these same costs are impor-
tant in 1) yielding predictions consistent with the facts of economic develop-

ment and 2) producing business cycle behavior,




The model's implications for long run phenomena are examined in a
deterministic setting. First, it is shown that higher money growth and infla-
tion is associated with higher per capita income, because of a credit alloca-
tion mechanism which provides a direct 1link from credit to investment and
output. Then, three types of exogenous technological improvements are consid-
ered: a change in the stochastic investment .technology, a change in the
transactions cost technology, and a change in monitoring costs. Together, the
results of these three experiments are consistent with some stylized facts
concerning economic development documented in Townsend [1983], Lucas [1985],
and Romer [1986]. In particular, differences in per capita income levels
across countries can persist over time. Also, the fraction of wealth held in
the form of intermediated assets relative to the fraction held in currency
tends to increase as per capita income increases, both over time and in a
cross section of countries.

Business cycle fluctuations due to technological and monetary dis-
turbances are examined under three alternative exchange rate regimes: a
flexible exchange rate regime and two regimes with a fixed exchange rate. The
first fixed exchange rate system is a "fiscal policy peg," where monetary
policy is held constant, while with the second fixed exchange rate regime, a
"monetary policy peg," fiscal policy is held constant. Business cycle phenom-
ena are qualitatively similar but quantitatively different under the three
regimes. Interest rates are countercyclical in response to monetary shocks
and procyclical in response to real shocks, with the inflation rate in each
country exhibiting the opposite cyclical pattern. As 1is consistent with
stylized f;cts, interest rates, incomes, and inflation rates are positively

correlated across countries over the business cycle.




In contrast to the equivalence results in Helpman [1981] and Lucas
[1982), the exchange rate system matters here for real allocations., To make
comparisons among these different exchange rate systems, the variability of
real incomes and of interest rates are examined across regimes, Variability
orderings depend in general on the difference in interest elasticities of the
demand for fiat money in the two countries, and on the type of disturbance
driving the business cycle. However, the flexible exchange rate regime gener-
ates the smallest variance in home country income and interest rates in re-
sponse to monetary shocks in the foreign country. The effect an exchange rate
regime has on the variance-covariance properties of prices and aggregate
quantities depends on two things. First, the exchange rate system influences
the substitutability among assets. For example, under the flexible exchange
rate regime fiat monies in the two countries are not substitutable, but with
the monetary policy peg they are essentially perfect substitutes. Second, the
pattern of domestiec monetary injections across states of the world depends on
the exchange rate regime. Since anticipated money growth is nonneutral, this
Wwill then have a bearing on fluctuations,

This paper is related to the real business cycle literature which
introduces nonconvexities into labor supply decisions (Hansen [1885],
Greenwood and Huffman [1986]1). In the model developed here, there is a non-
convexity in the decision to finance an investment project, since investment
projects are technologically indivisible. However, our framework differs in
that, due te informational asymmetries, agents cannot insure themselves
against the event that their investment project is not financed. Also, by
assumption the usual avenue through which impulses are propagated in real
business cycle medels, intertemporal substitution, is closed off in this

model. This helps te highlight the role of the credit allocation mechanism




(see Williamson [1687Tb]) in the model, by which investment and output fluctu-
ate over the business cycle due to monitoring costs, asymmetric informatien,
and the nonconvexity in investment decisions. :

The remainder of the paper is organized as follows. In section 2
the model is constructed, and an equilibrium is characterized in section 3.
In séction 4, an equilibrium without fluctuations is examined to analyze the
model's long-run properties, Section 5 contains a discussion of the charac-
teristics of equilibrium fluctuations under alternative exchange rate regimes,

and in section 6 variability across these regimes is compared. Section 7

presents conclusions,

2. The Model

This is a two-country overlapping generations model with endogenous
financial intermediation. & closed econcmy model with similar features is
constructed in Williamson [1987b], and a static model of financial intermedia-
tion with some of the same elements is in Williamson [1986].

In each period a continuum of two-period-lived agents are born, who
are distributed over the unit interval. Agents reside in two countries, where
n is the measure of agents in the home country and 1 - n is the measure of
agents residing in the foreign country. Agents are either "lenders" or "en-
trepreneurs,” with ny denotinglthe measure of agents in the home country who
are lenders and (1-n)y* the measure of foreign lenders. Lenders differ, one
from another, according to the value of a "transactions cost" parameter, «.
In the home (foreign) country, lenders are distributed over R, by the continu-
ously differentiable probability distribution Ffunction F{a)[F*{a)]. The
associated probability density functiocns are f{a) and f*(a)., Similarly, each
entrepreneur is associated with a monitering cost, B {which, as will be seen

in what follows, is quite different from the o associated with a lender), and




entrepreneurs in the home (foreign) country are distributed over R_ by the

continuously differentiable probability distribution function G(8)[G*(8)]. The-
associated density functions are g(g) and g*(g). Thus, for example,

(1-n)(1-y*)G*(8') is the number of agents in a given generation (note that two

generations are alive at each date) who live in the foreign country, are

entrepreneurs, and have g8 < g8'.

At t = 1, old agents are endowed with M; units of domestic fiat
money, and M? units of foreign fiat money. Fiat money is an unbacked, intrin-
sically useless asset which can be issued only by a government. Neither
government can issue the other country's currency.

Each lender born at time t receives an endowment of one unit of the
time t consumption good. Lenders.consume only in the second period of life,
and therefore save their entire endowment. Consumption goods are consumed or
used as inputs to the intertemporal production technology owned by entrepre-
neurs, but are otherwise perishable.

Lenders save either by acquiring fiat money in the first period of
life or by lending to some other agent (in equilibrium this other agent will
be a financial intermediary). If an agent is a lender, she must expend «
units of "effort" in lending to another agent. The lender-specific transac-
tions cost a can be interpreted as the cost of checking credit risk, time
spent in writing contracts and collecting payments from borrowers, "trips to
the bank," ete. ' If a lender holds fiat money, no transactions costs are
incurred, since fiat money is not counterfeitable and is costlessly distin-
guishable as a government liability. A lender born at time t maximizes
Et(ct-mt-it+1), where E, is the expectations operator conditioned on time ¢t
information, C 41 is consumption at t + 1, and 2e is effort expended at time

t. Each lender's endowment of effort is unbounded.




If an agent is an entrepreneur born at time t, she has access to an
investment project which produces w units of the time t + 1 consumption good
if funded with X units of the consumption good at time t, and produces zero
units otherwise. Here, K > 1 and W is a random varizble distributed according

to the probability density funection h{-;s which 1is positive and continu-

o)
ously differentiable on [0,w], where & > 0. Let H(-;et) denote the corre-
sponding preobability distribution funetion. The parameter Bt orders distribu-
tions by first order stochastic dominance. That is, D2H(w;et) <0 for 0 < w
< W. Investment project returns are independently and identically distributed
across entrepreneurs. The realized return on an investment project, denoted
by w, 1s costlessly observable only to the individual entrepreneur, but any
other agent may expend B units of effort to observe w. The value of g, which
is specific tc a particular entrepreneur, is publicly cobservable. Each entré-
preneur receives endowments of zere units of effort and zero units of the
consumption good in both periods of life, and maximizes Et(°t+1)'

Note that the transactions cost, a, is particular to the lender and
is a cost to which the lender commits herself, ex ante. In contrast, the
monitoring cost, B8, is particular to an entrepreneur, and other agents have
discretion, ex post, as to whether they Incur this cost, though a contractual
arrangement may commit an agent to monitoring in certain contingencies.

The government in each country has access to lump sum transfers and
taxes on domestic agents, which can be used as vehicles for injecting or
retiring fiat money. There are no government purchases. For simplicity, it
is assumed that all transfers and taxes are levied on old lenders. The home
government may conduct asset exchanges of home country fiat meney for foreign

fiat money, but in the environment considered here the foreign government does

not perform these asset exchanges. Domestic residents in each country are




restricted by their respective governments from holding the other country's
currency across per'iods.2 However, note that this portfolio restriction does
not constrain the home government's ability to conduct open market operations
in foreign exchange. For example, an open market sale of foreign fiat money
can be carried out, if the home government sells foreign currency from its
portfolio in exchange for goods in the foreign country, and then sells those
goods for fiat money in the home country. The home government holds an ini-
tial stock at time 1 of zero units of the foreign country's fiat money,

In what follows, the behavior of ﬁhe foreign government will be
taken as exogéﬁous, but home government behavior is endogenously determined
through the choice, at t = 1, of the exchange rate regime. Under a flexible
exchange rate system the home government is noninterventionist, in that the
outstanding Stock of domestic fiat money is fixed for all t; no open market
operations are conducted, and taxes and transfers are zero for all t, With a
fixed exchange rate system the behavior of the home government is subject to
an exchange rate peg in addition to its budget constraint. Two methods of
exchange rate pegging will be considered here, The first fixes domestic
monetary policy; no asset exchanges are conducted, and the exchange rate is
pegged through a program of government deficits and surpluses financed by
printing or retiring fiat money. The second holds fiscal poliey consgtant and
pegs the exchange rate through asset exchanges in the foreign exchange market;

the home government deficit is fixed at zero,

Financial Intermediation

In this environment with costly state verification, as in Townsend
[1979], a contract between a lender and an entrepreneur must provide for the
monitoring of the entrepreneur for scme realizations of the projeet return,

due to a moral hazard problem. That 1is, if an entrepreneur's project is




funded and the contract does not stipulate that monitoring will occur under
some contingencies, then the entrepreneur will always declare that w = 0 and
consume w. Optimally, contracts will serve to minimize the expected costs of
monitoring, while giving entrepreneurs the incentive to truthfully report
returns. Restricting attention to pure strategy contracts with nonstochastic
monitoring, arguments similar to those in Williamson [1986,1987b] can be used
to show that an optimal arrangement is for all lending to be done by large
(i.e., infinite-sized) intermediaries which borrow from many lenders and lend
to many entrepreneurs.

Each intermediary is a single lender. Since intermediaries diver-
5ify by lending to a large number of entrepreneurs, contracts with depositors
can specify a noncontingent payment of ry per unit deposited, where e is the
market expected return faced by depos;tors. Diversification thus eliminates
delegated monitoring costs, as in Diamond [1984] and Williamson [1986], since
depositors need never monitor the intermediary. With free entry into interme-
diation, each intermediary earns zero "profits" (i.e., consumption by the
intermediary just compensates for effort in monitoring), and intermediary
agents will be those lenders with the lowest (i.e., virtually zero) transac-
tions cost, That is, if any lender with a positive transactions cost acts as
an intermediary and offers contracts to entrepreneurs which earn nonnegative
profits, a lender with a lower transactions cost could enter and offer these
entrepreneurs contracts that they prefer, and that earn positive profits.

A finanecial intermediary fully funds the investment projects of each
of its borrowers and, as in Williamson [1986, 1987b], it is optimal for the

intermediary to write a debt contract with each of these entreprensurs. That

is, for a loan made in period t, the payment from an entrepreneur (who is
indexed by 8) to the intermediary at time t + 1 is x If w 2 %, and w if w £ ¥,

where ¥ satisfies:
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W
(2.1} max [ (w-x)h(w;et)dw
£ X
X
(2.2) s.t. | (w-e)h(w;et)dw + x[1-H(x;et)] = Kr..
0

Here, x maximizes the expected utility of the entrepreneur while giving the
intermediary an expected return on the contract, net of monitoring costs and
befeore compensating depositors, of Krt. Note then, that x can be interpreted
as an interest payment, the state when w < x as bankruptey, and 8 as a cost of
bankruptey.

The left-hand side of eguation (2.2) can be rewritten, via integra-

tion by parts, as

X
(2.3) 1{x,8,8 ) = x - [ H(u;0, )du - 8H(x;8,).

0
Assume that O(-,-,-)} is concave in its first argument. Then there is a
unique xg e {0,w] such that xg = arg max n(x,s,at). Let n*(s,et) =

X
H(x:,s,et) denote the maximum expected return an intermediary can earn on a

loan to an entrepreneur with project monitoring cest 8. From (2.3), and with

an application of the envelope theorem, it follows up that D1H* < 0, Now, an

intermediary demands a return of rtK on a loan to an entrepreneur. Thus, no

entrepreneur with a monitoring cost greater than 8!

t will be given a loan,

where Bé is implieitly determined by T*(8

agents the expected return on a lecan would fall below the market expected

E’et) = r K, since for this set of
return. An entrepreneur with 8 < eé receives a loan with a gross interest
payment of x, as specified by (2.2). Consequently, there is a sense in which
"credit rationing" occurs in equilibrium, as is discussed at greater length in
Williamson [1986,1987a]. WNote that the nonconvexity in the investment tech-
nology is necessary for this result. In what follows the entrepreneur with
monitoring cost 8!, and an asscciated interest payment x!, will be denoted the

t

"marginal borrower.”
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3. Equilibrium

Goods and assets can be freely traded on international markets.
Therefore, letting pt(p;) denote the price of home (foreign) country fiat
money in terms of the consumption good (that is, the reciprocal of the domes-

tic (foreign) price level), the law of one price must hold; that is
- *
(3.1) (17p,) = e (1/p}),

where e, is the domestic currency price of foreign exchange.

Suppose an agent is a lender with transactions cost a. Then if re =
a = Etpt+1/pt’ this agent exchanges her single unit of the consumption good
for an intermediary deposit; otherwise she holds fiat monéy. Thus, the agent
who is indifferent between holding deposits and domestic fiat money has a = Py
- Etpt+1/pt' The following is then an equilibrium condition for the home

country market for fiat money.

(3.2) nY[T'F(Pt'Etpt+1/pt)] = ptMt.

Here, M, is the stock of home country fiat money at time t. Similarly, in the

foreign country,

(3.3) (1-n)y*[1-E*(r -E p} ./p¥)] = piM2,

where Mg represents the foreign money stock excluding the stock of foreign

currency reserves held by the domestic government.
Recall that the marginal borrower in the credit market has monitor-

ing cost Bé, which is determined by the condition H*(B',st) = n(xé,sé,at) =
r K, where xé = arg max H(xt’aé’et)' Thus, from (2.3), the pair (sé,x
X

implicitly determined b§ the following two conditions:

o
t) is




o 1D

xl

t
(3.4) xé - g H(u;et)du - BéH(xE;Bt) = Krt
. and
(3.5) 1 - I-l(xt';;et) - Bt",h(xl':;et) = 0.

Given the above, the equilibrium condition for the world credit market is
o i L 5 * *) - - '
(3.6) nyF(r't Etptf1/pt) + (1=n)Y*F (rt Etpt+1/pt) n(1 Y)KG(Bt)
+ (1-n)(1-y*)KG*(8}),

where the left-hand side of (3.6) is credit supply and the right is (in a
sense) credit demand.

To close the model, a épecification of the domestic and foreign
governments' budget constraints is required. Since fiat money is the only"
liability of the home government, changes in its stock must be reflected
either in transfer payments to domestic residents, Tt’ or in changes in the
domestic government's stock of foreign exchange, Jt. The home government's

budget constraint can then be written as

(3.7 pylz,=DM_, =T, + p}(J,~J, ),

where 2z, is defined as the period t gross growth rate in the domestic fiat

money supply, that is

(3.8) Mt = thb-T'

Similarly, the foreign government's budget constraint is

(3.9)  pA(2E-1)(MF_+J ) = TE.




o .

In (3.9), T; denotes transfer payments to foreign residents, and zg is the
gross growth rate in the stock of foreign currency held by foreign residents

and the home government.

* = =k(M*
(3.10)  M¥ o+ J, = zH(ME_ed ).

Given a stochastic process {et,zt,zg}, equations (3.1)-(3.10) deter-
mine an equilibrium solution for {pt,pg,et,aé,xé,rt}. The nature of the sto-
chastic process {et,zt,zg} will depend upon the exchange rate regime adopted
by the home government. Also, what is treated as exogenous in the government
budget constraints, (3.7) and (3.9), depends on the institutional arrangement
considered. Given the above equilibrium solution, other variables of inter-

est, such as incomes in each country, can also be determined in a straightfor-

ward manner.

4, Equilibrium Without Fluctuations

The "long run" properties of the model will now be examined in a
version of the model in which preferences, technology, the population, and all
exogenous variables are constant over time. There will then be no equilibrium
fluctuations arising from shocks to fundamentals. This section has two pur-
poses. First, it may be easier for the reader to understand the forces at
work in the model in a deterministic setting, before proceeding to business
cycle fluctuations. Second, this section shows how the model explains the
role of financial intermediation in international growth and development, and
how the model can generate predictions consistent with some stylized facts of
economic growth.

To proceed, let 8, = 8, 2 = z, and zg = z* for all t, where 8, z,

and z* are constants. Also, suppose-Jt = 0 for all t, so that there are no

open market exchanges. Attention will be restricted to stationary monetary
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equilibria, with p,, p; > 0 for all t, and xé = X' B = B'y ry = r, pMg = @
and ngg = q* for all t. Here, x', 8', r, q, and q* are constants. This

implies, given (3.8) and (3.10), that
(4.1) pt+1/pt = 1/2,

»*
(4.2) PY, /P = 1/2%,

for all ¢t.

Next, substituting (4.1) and (4.2) into (3.2)-(3.6), yields

(4.3) ny[1-F(r-1/2)] = p.M,

(4.4) (1-n)y*[1-F*(r-1/2%)] = pimy
xf

(4.5) x' - [ H(u;8)du - B'H(x"';8) = Kr
0

(4.6) 1 - H(x';0) - 8'h(x';8) = 0

(4.7) nyF(r=1/z) + (1-n)y*F*(r-1/2%) = n(1-y)KG(B8') + (1-n)y*KG*(B8').

The system of equations (4.1)-(4.7) provides a solution for x', B', r, and the
sequence {pt,p:}. This solution then implies values for domestic and foreign

per capita incomes, y and y*, as defined by
(4.8a) y = u(1-y)G(8') + v

and

(4.8b) y* = u(1-y*)G*(8') + ¥,

W

where u = f wh(w;8)dw, the expected return on an investment project. In
0

(4.8a), the first term is the per capita output from last period's domestic

investment, while the second term is the ver capita endowment of domestic
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agents. The components of y* are the corresponding quantities for the foreign
country.

Now, four comparative statics exercises will be performed, to exam-
ine the effects of once and for all exogenous changes on interest rates,
intermediation activity, and per capita incomes. The first experiment is a
one-time increase in 6, which has the effect of improving investment opportu-
nities, in that there is a first order stochastic dominance shift in the
distribution of project returns (note that this distribution is common to
entrepreneurs' projects in both countries). From (4.3)-(4.8), standard com-

parative staties gives:

4o [nC1=1)Kgs(1-n) (1-y*)Kg*]s

de Q > 9
o [nvf+(1-n)y*£*]s
de Q %

; W
&y . (1-y)ug(8") %%— - (1-y)G(8") [ DzH(w;e)dw > 0
0

dy® . a_cayueiinry 98" Sickiuny [ .
= (1-y*)ug*(8') go— - (1-y*)G*(8') [ D H(w;e)dw > 0
0

where

x!
= = [ D H(u;8)du - 8'DH(x';8) > O

(=]
1

0
2 = H{nyP+(1-n)y*e*] + K2[n(1-y)g+(1-1)(1-y*)g*| > 0
f = f(r-1)
£% = fF*(pr-1)

g = g(8'")
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g* = g¥*(g')
H = H{x';8).

Here, an increase in 6 implies a decrease, for any loan interest
payment x, in the probability of default, H(x;s), and a correspending fall in
expected monitoring costs for each entrepreneur. As a result, the size of the
pool of creditworthy entrepreneurs increases (8' rises), that is, the "demand"
for loans rises. The world interest rate, r, then increases to clear the
credit market. Since the expected return on each investment project is
higher, and because more investment projects are funded, per ecapita output in
each country increases,

Second, consider the impact of an increase in the foreign country's
rate of monetary expansion, z¥, at each date, t. The results of this experi-

ment are:

1 dr ds' d dy*
- -*'3 < CF < 0, dZ_* > 0, a—% > 0, and a% > 0.
Z

Since an increase in 2* reduces the rate of return on foreign fiat money,
foreign residents substitute from fiat money to intermediated capital. This
augments the world-wide supply of loanable funds and drives down the world
real interest rate, r. At the new lower world interest rate, more entrepre-
neurs in both countries are eligible to receive loans since now there is less
risk of bankruptcy. Income in both countries therefore increases. AS a
result, a long-run positive correlation between output and inflation, that is
a long-run Phillips relationship, will be observed. This can be contrasted to
the properties of cash-in-advance medels such as Greenwood and Huffman [1987]

or overlapping generations models similar to Lucas {1972], with preferences

defined over leisure and consumption. In these models, if money transfers are




lump-sum {as they are not in Lucas [1972]), then anticipated monetary expan-
sions decrease labor supply and reduce output, The effects of such monetary
expansions differ in our model because of the effect of the credit allocation
mechanism on output (see Williamson [1987b]). This credit allocation mecha-
nism provides a direet link from credit to investment and output.

. For the last two experiments, which invelve shifts in the distribu-
tion functions of transaction and monitoring costs, suppose that G and G¥ are
members of the same family of distributions, G(B8;y), parameterized by u,
Specifically, let G(8) = G(a;w1) and G*(8) = G(e;wa) with Dzé(s;w) < 0, so
that ¥ orders distributions according te first-order stochastic dominance. In
similar fashion, assume that there is a family of distributions F(aj;¢), where
F(a) = F{a;¢1) and F¥{a) = F(u;¢2), with Dzﬁ(a;¢) < 0. |

Now, consider the implications of an inerease in w1. Such a shift
effeétively reduces the "creditworthiness" of doméstic entrepreneurs in the
sense that it concentrates them more heavily in the range with high monitoring

costs. The following results then cobtain:

dr  , d8' o dy_ dy*
dw1 < Q, d$1 > 0, dm1 < 0, and dﬁT > 0.

Note that an ineresase in w1 reduces the size of the pool of domestic entre-
preneurs who receive loans for each value of the interest rate; the world
demand for loans and the world interest rate decrease. In equilibrium, fewer
domestic entrepreneurs receive loans, but a greater number of foreign entre-
preneurs have their projects funded. As a consequence, the gap between for-
eign and domestic income, y* - y, widens. Hence, the less creditweorthy are
domestic entrepreneurs, the more limited will be their participation on inter-
national credit markets, and the lower will be domestic income, both rela-

tively and abseclutely.
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Last, suppose ¢1 increases, The following are obtained:

Q‘__>0,_C_18_'(0 dy

dy*
<0 nd < 0.
de, og - rde, -~ 07 °

d¢1

Here, the pool of domestic savers who can profitably access international
capital markets at any given world interest is reduced, since the distribution
of domestic savers has shifted toward those with higher ex ante transaction
costs. The world interest rate must then rise to clear the international
credit market. As a result, fewer investment preojects are funded world-wide,
and income falls in both countries,

Now, one might ask what the preceﬁing experiments {excluding experi-
ment two, the monetary shock) tell us about the role of financial intermedia-
tion in international growth and dévelopment, and how the predictions of the
model conform with empirical facts. First, experiments one, three, and four-
all associate a higher level of per capita income in a particular cduntry with
a larger per capita quantity of intermediated capital in that country. Sec-
ond, experiment three indicates that relative per capita incomes are deter-
mined by the relative "quality" of entrepreneurs in each country. Third,
experiment four shows that the fraction of wealth held in the form of interme-
diated assets versus currency in a country is determined by the transactions
costs faced by lenders. Note that experiments one, three, and four all asso-
ciate technological improvements, whether in the investment technclogy, the
menitoring technology, or the transactions technology, with increases in per
capita world income, and in the fraection of world-wide wealth which is inter-
mediated. Clearly, these kinds of technological changes encompass a great
deal, including improvements in the legal environment (affecting monitoring
costs) and iIn communications and transportation (affecting transactions

costs).
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The above predictions are consistent with some stylized faets of
economic growth documented by Lucas [1985], Romer [1986], and Townsend
[1983]. In particular, differences in measured per capita income can persist
across countries, as is shown by experiment three (see Lucas [1985]). Also,
the fraction of intermediated assets relative to currency in total wealth
tends to increase with per capita income. This will occur in the time series
as well as in the cross section, as documented by Townsend [1983], so long as
improvements in the transactions technology are assoclated with other techno-

logical improvements,

5. Equilibrium With Aggregate Fluctuations

In this section aggregate fluctuations are studied which are caused
by real disturbances affecting the technology in both countries, and by mone-
tary disturbances in the foreign country. These fluctuations are examined
under three alternative policy regimes for the home country: 1) a flexible
exchange rate regime, where the home government has a defieit of zero in each
period and conducts no asset exchanges, ii) a "fiscal policy peg," where the
exchange rate is fixed and monetary policy is held constant, iii) a "monetary
policy peg" where the exchange rate is fixed and fiscal poliey is held con-
stant.

This ‘particular flexible exchange rate regime was chosen since it is
noninterventionist, in that the home country stock of fiat money is fixed for
all t. However, note that this takes the framework of legal restrictions as
given. The pegged exchange rate systems represent two extremes in a continuum
of exchange rate-pegging poliey programs containing different degrees of
fiscal and meonetary intervention. These two extremes have their own logic in
terms of the environment the home government cperates in here. Also, they

seem to correspond to real-world policy alternatives, though perhaps not to
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what is usually considered in the international finance literature. In this
regard, note that the fiscal policy peg and the monetary policy peg do not
correspond to "sterilized" and "nonsterilized" intervention, since there is no
government interest-bearing debt in the model. Also, though the monetary
policy peg is similar to Helpman's [1981] "cooperative peg," his one-sided peg
involves open market operations in private debt, and thus is quite different
from the fiscal policy peg.

Stochastic technological disturbances and foreign monetary shocks
are introduced as follows. Let s, denote the state of the world at time t.
For simplicity, suppose that there are only two states, S¢ = 1, 2, where S¢

follows a Markov process with
Pr[st=1|st_1=i] = q;, i=d, 2

Here, 0 < q; < 1 for i = 1, 2, and gy 2 gp, SO that St is nonnegatively seri-

ally correlated. If sy = i, then z* = z¥and 6, = 9., i = 1, 2.7 Given the

above transition probabilities governing movements between states, the associ-

ated limiting probabilities for the occurrence of each state are:

QE 1'Q1
T ¥ and Pr[st=2]

Pr(s,_=1] = —_—
[ t ] q, a, 1 - qq + ds-

In what follows, attention will be restricted to stationary monetary equilib-
ria, where interest rates and quantities depend only on s., and p, > O, p; >0

for all t.

Flexible Exchange Rate

Under the flexible exchange rate regime the home country supply of
fiat money remains fixed, that is 2y = 1 for all t. Also, Tt = 0and Jg =0
for all t. Let T represent the realized gross return on domestic fiat money
between periods t and t + 1, that is LI pt+1/pt. This realized rate of
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return can take on one of four possible values, denoted by “ij for i, 4 =1,

2, where m,

ij

St = J. The gross rates of return on foreign currency, n?j, i, §J =1, 2, are

is the realized gross return on foreign currency if s, 4 = 1 and

defined similarly. From (3.2), (3.3), (3.8) and (3.9) and setting z? =1, as

is done in the following analysis,

(5:1) My = Ty = owh, =1
(5.2) ﬂ§2 = 1/25

(5:3) n51 = 1/w?225

(5.4) Ty = 1/ﬂ12.

The expected returns on domestic and foreign currencies if S¢ = i, denoted

by w? and wge, are then given by
&g . *€ _ * ¥ * i =
(5:5) moE QT+ (1 qi)ﬂzi and ¥ =gy, 4 (1 qi)nai, i=1 2

For this regime, an equilibrium 1is determined analogously to

(3.2)-(3.10), as follows, using (5.1)-(5.4).

(5.6) 1 - F(r,-q,-(1-q,)/7,,) - ﬁ12[T-F[rz-q2n12-(1-q2))] =0

(5.7) 1 - F*(rT-q1-(1—q1)/u?2z*} - n?g[1-F*(r2-q2w?2-(i-q2)/z*)] =0
“

(5.8) xi - g H(u;ei)du = BiH(xi;ei) = Kri, i=1,2

(5.9} 1-- H(x;;8,) - 8ih(x{58,) =0, i=1,2

(5.10)  nyF(r,-q,-(1-q,)/7,5) + (1-n)y*F*(r -q,-(1-q,)/1%,2%) = n(1-v)KG(8})

# (1=0) (1-y*)KG*(8!)




(5.11) nYF(rz-q2n12—1+q2) + (1-n)Y*F*[r2-q2n?2-(1-q2)/z*] = n(1—y)KG(Bé)
+ (1-ﬂ)(1-Y*)KG(Bé).

Here, subscripts on variables denote states so that, for example, r; is the

deposit interest rate when s = i. Equations (5.1)-(5.11), in conjunction
g = e .
with (5.1)-(5.5), solve for r;, xi, Bi, L nf , i=1, 2, and for "y “?j’

Ly ] =1y 2
Given the above solutions, other variables of interest can be com-
puted as follows. First, per capita income in each country is given, as in

(4.8), by:

- - ' -
(5.12) ¥y 2 ui(1 Y)G(Bi) #yy L =152
(5.13) y; = ui(i-Y*)G*(Bi) +y* i=1, 2,
W
where My E g wh(w;ei)dw. Here, y, = y; and yg = y? if sy_q = i. Second, net

borrowing by the home country is:

(5.14) b, = (1-y)KG(8}) - YF(ri-q1-(1-q1)/n12],

(5-15) b2 (1‘Y)KG(Bé) - YF(rz'q2W12'1+q2)

Thus, the capital account surplus in the home country, denoted by ki* = bi -

bj if Sy = 1and s _4 = j, is:

L}
~
|
(=]

(5.16) Kip = Kyy =

1
o
I
o
"
|
~

(5.17) k12 = b, 5 51"

Finally, let € denote the (gross) rate of depreciation in the exchange rate

which occurs between periods t and t + 1, so that B er.1/ 8- As for w_
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and Hg, "

(5-1)'(5-”’),

e, can take on one of four values, eij’ i, j =1, 2. From (3.1) and

(5.18) €49 = 1

»*
L PYASP!

- * *
a1 T Typ/T0Z5

*
22 1/22.

m
11

To analyze fluctuations, attention is confined to small perturba-
tions to underlying state variables. The following comparative dynamics
experiments involve differentiating with respect to ei and zz, i =1, 2
around the deterministic equilibrium where the points in the state space
are (61,2’{) = (92,25) = (8,1). This benchmark equilibrium is the stationary
fixed money supply equilibrium with no technology shocks.

The objective here is to uncover the variance-covariance structure
of the endogenous variables of interest in the model, and to compare this
structure across exchange rate regimes. In equilibrium, most variables follow
a two-state Markov process, as do the underlying shocks. Variances and co-
variances for these variables can then be computed in a straightforward man-
ner. For example, if {at} and_[bt} are two stochastic processes, where a, =
a; and by = b; if s = i, then their contemporaneous limiting covariance is,

i
as in Williamson [1987b],

(5.19) cov(at,bt 5 (a1-a2)(b1-b2).

(1—q1+q2)
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To find the covariance for a small perturbation to the benchmark equilibrium,
a second-order Taylor expansion of expression (5.19) gives

(1-q1)q2 da1 da db1 dbz]

2
2 ‘dw  dw ](dw dw

(5.20) cov(at,bt) z

1

where w = ei, z?, i=1, 2. In computing covariances when ap and/or bt depend

not just on s, but on St 41 and Sy Aas is the case for = :, €¢, and kg,

gt "
formulae are in general more complicated than (5.19) and (5.20). However, if

ap = M, ¥, eg or ki, and a: = Etat’ then direct computation gives

t

e

(5.21) cov(ag,y,, ) = cov(al,y, 4),

and (5.19) and (5.20) can then be used given this particular timing of vari-
ables.

With this in mind, the equilibrium effects of a differential change
in 92 are examined, which will yield information on the variance-covariance

structure under disturbances to the investment technology. The relevant

results are summarized as follows

s} ds) §[nyfa*(1-F)+(1-n)y*f*a(1-F¥) |
(5.22) - = R <0
de, ~ de, v
dr, dr, saa*k[n(1-y)g+(1-n) (1-vy¥*)g*|
(5.23) TR T - <0
2 2
dmw dr dr
12 1 2
(5.24) = -(f/a)(==— - ==) > 0
de, de, - de,
dﬂ?z [dr dr ]
(5.25) = -(f*/a*)(— - —==) > 0
de, ,  de,
dy, dy dg!  dg! du
1 2 1 2 2
(5.26) —— - == = u(1-y)g(57— - 7=) - (1-y)G(B') === < 0
de, ~ de, de, ~ de, de,




CRUN R RO [
db, db,  (1-n)n&(Ky*£*(1-F*)yf(1-F)
(5.28) da1 - d92 p _
2 2
x [- U-vag , (-g)ate?) ,
<

T YE(1-F) T Y¥E*(1-F*)

F =z F(r-1), F* = F*(r-1)
xl
§=- D H(u;6)du - 8'DH(x';6) > 0
0
V = H[nyfa*(1-F)+(1-n)y*f*a(1-F*)] + aa*Kz[n(1-T)g+(T~n)(1-Y*)g*] >0
a = (1-q1+q2)f + (1-F) and a* = {1-q1+q2)f* + 1 - F*,

With the more favorable distribution of investment returns available
in state 2, the world demand for credit is higher in this state than in state
1. As a result, real interest rates at time t and income at t + 1 are higher
if s = 2 than if S¢ = 1.(c.f. (5.23) and (5.26)). Therefore, from (5.20), in
each country real interest rates and output (with a one-period lead) are
positively correlated, and contemporaneously positively correlated provided q;
> Q5 (shocks are positively serially correlated).

From (5.1), (5.4), (5.5), (5.21), (5.24), and (5.26), the inflation
rate in each country is countercyclical. Similarly, the exchange rate and the
capital account surplus may be procyclical or countercyclical. For the ex-

change rate, the outcome turns on the sign of de,./d6., which from (5.27)

1227

depends on f/a - f*/a*, which in turn can be rewritten as

f/a - f*/a* = [1—q1+q2+(1-F)/f]-T - [1-qea,s(1-F*) /%]




In terms of the distribution F(.}, £/(1-F) is a hazard rate. In the medel, it
can be interpreted as the aggregate interest elasticity of demand for fiat
money in the home country. Therefore, given (5.20), (5.21), (5.26), and
(5.27), exchange rate appreciations will be procyclical (countercyclical) if
money demand is more (less) interest elastic in the home country than in the
foreign country. That is, since the investment shock does not directly im-
pinge on either country's market for fiat money, its effect on the exchange
rate is limited to its differential impact on these two markets via its effect
on the common world real interest rate. The country with the highest interest
sensitivity of'demand for filat money will experience the strongest countercy-
clical movement in inflation. Consequently, appreciations (depreciations) in
that country's exchange rate will be procyclical ({countercyclical}. The
correlation between exchange rate depreciations and the ecapital account sur-
plus is ambiguous, even given the sign of I*(1-F) - f{1-F*). Movements in the
capital account surplus depend upon the characteristics of both savers and
entrepreneurs (see egquation {5.28)).

An analysis of fluctuations under monetary disturbances will now be
carried out by considering the effects of a small perturbation in zg around
the point in the state space where (91,z§) = (82,25) = (8,1). The results of

this exercise are summarized by the following

daj  ds) (1-n)y*f*Ka(q,-q,) (1-F¥)
(5.29) E’g'dzg" 7 <0
(5.30) di-ﬁ&:-ﬂ[mﬂ_dﬁ})o
dzf ~ dz} K 'd2% 7 dz%
t 1
(5.31) d“‘2_f_H[dﬁ dﬁ]w
dz3 Ka ‘dz¥  dzj




=D

drt, (q1-q2)f*{nyfa*(1-F)H+aa*x2[n(1-Y)g+c1-n)(1—y*)g*1}

(5-32) dzl 3 a*? ? 0
2
*
(5.33) ;i%g : ;3%3 - 23%2 > 0
22 - -
*
(5.34) §f§1 - 23%2 - ;2%3 -1¢0
43 23 a2
db, db2 dB% dﬂé
(5.35) 5% - ;% = |(1-v)KewyfHO1-F)/Ka][55 - 55l < 0
2 2 2 2
dy dy ds!  ds!
1 2 1 2
(5.36) — - =% = u(1=-v)g(s=% - ==%) < O
d22 dz2 d22 d22
dy* dy?* dg! dsl
1 2 1 2
(5.37)  —% - —% = u(1-v)g(=% - —=%) < 0.
dzs dzg dzg dza

From (5.29), (5.36) and (5.37), output in each country is positively
correlated with money growth in the foreign country. This expansionary impact
of money on output is due to the credit allocation mechanism discussed in the
previous section. This result can be contrasted with the properties of a
static two-country Mundell-Fleming model of the type discussed in Mundell
[1986, pp. 262-271], where a monetary expansion in one country reduces output
in the other country. In this sense, the predictions of the model analyzed
here show a greater degree of conformity with observations. More recent work
with sticky price models by Svensson and Wijnbergen [1987] shows that this
Mundell-Fleming result can be overturned in a Keynesian-type model, but this
depends on the size of the intertemporal elasticity of substitution relative
to the intratemporal elasticity between home and foreign goods.

Nete that if money growth shocks in the foreign country are not
serially correlated (q1=q2), then there are no cyclical effects from these
monetary disturbances. Current money growth has cyclical effects only to the

extent that it is informative about future money growth and the real return on

fiat money.
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Next, from (5.1)-(5.4), (5.20), (5.21), and (5.29)-(5.32), the world
real interest rate moves countereyclically, while inflation rates in both
countries are procyeclical, The domestic supply of fiat money remains con-
stant, implying that the domestic inflation rate is procyclical because of the
impact of foreign monetary disturbances on the domestic demand for money via
the real interest rate. For example, suppose that Sy = 2. Then, the world
real interest rate is low and each country's ocutput {next period) is high.
Thus, the domestic demand for fiat money will be high, and the domestic price
level will be low. Domestic residents at time t expect inflatien. Then, if
S, = 2 the price level will remain constant, but if Seq T 1, the domestie
price level will rise as the real interest rate will have risen. The opposite
holds if s = 1. Thus a high (low) level of output is associated on average
with inflation (deflation).

Finally, (5.20), (5.21), aﬁd {5.33)-(5.37) imply that domestic

(foreign) exchange rate appreciations and capital account deficits are proecy-

clical {countercyclical), and positively correlated. Though inflation rates
are proeyclical in both countries, the impact of the foreign money distur-
bances on the domestic price level 1s indirect, through the credit market, and
the proeyelical foreign price movement is therefore stronger. Thus, apprecia-
tions (depreciations} in the home {foreign) country's exchange rate are posi-
tively correlated with output. When a monetary innovation occurs in the
foreign country the impact effect induces foreign savers to substitute from
fiat money to intermediated assets, which tends to cause an ocutflow of capital
from the foreign country. In the following period income rises in the foreign
country and_there is an inflow of funds as the principal on international
lending is repatriated. Thus, the foreign capital account surplus is posi-

tively correlated with output.
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These predictions are different from those obtained from Mundell-
Fleming models, where a monetary injection causes (in the country where it
originates) the capital account surplus to move countercyclically. Other
differences between the predictions of this model and of Mundell-Fleming
models were noted above. However, in some ways the credit allocation mecha-
nism in the model linking credit, investment, and output, generates patterns
of covariation in the data broadly reminiscent of the properties of statie,
closed-economy Keynesian fixed-price models. That is, monetary (real) shocks
preoduce business cycles where decreases {increases) in the real interest rate

. ; . . 4
are associated with increases in ocutput.

Fiscal Policy Peg

Under this exchange rate regime the home government fixes the ex-
change rate via changes in the domestie supply of. fiat money brought about
through transfer payments to foreign residents. The exchange rate is pegged
at some arbitrary level, e, where e, = &€ > 0 for all t, This implies, from
the law of one priece, (3.1), that ﬂij = n§j for all i, j.

Setting J. = O for all t, from (3.2)-(3.8) the equilibrium condi-

tions for this exchange rate regime are (5.8), (5.9) and the following:
- * - - - * - ~F% - - - * -
(5.38) 1-F [r1 q,-(1-q,)/7 ,z%) n12[1 F*(r,-q 7, ,-(1 q2)/22]] = 0

(5.39)  nvF(r,-q,-(1-q,)/7 + U=r )y B =g = (1-q ) /ny 528

1223
= H(1-Y)KG(33) + (1-n)(1-Y*)KG(B;)

(5.40) nnyra-q2w12-(T-q2)/z§] + (T-n)T*F*[rz-q2n12—(1-q2)/zg]

= n(1-¥)KG(8}) + (1=n)(1-y*)KG(8}).




= G=

Equations (5.8), (5.9) and (5.38)-(5.40) solve for i, Bf, r i=1, 2,

i!
and LEPY To determine the pattern of domestic monetary injections and with-
"drawals supporting the fixed exchange rate, let zij denote the gross money

growth rate in the home country when s = i and sy_4 = j. The zij are then
determined, given the solution to (5.8), (5.9) and (5.38)-(5.40), and again

setting z? =1, by

- - * -
(5.41)  zpy =1 231212 = %5 Zyp = 2

*
2
§ = F(r1-q1-(1-q1)/w1225] - n12212[1-F[r2-q2w12-(1-q2)/z§]] = 0.

Incomes in each country are again given by (5.12) and (5.13). Home country

borrowing now is:

(5.42) b

- ') - -] ={ 1= *
1 = n(1-y)KG(8}) nYF[r1 q,-(1 q1)/w1222]

(5.43) b

5 n(i-Y)KG(Bé) - nYF[rz-q2ﬂ12-(1-q2)/25]-

Following the same procedure as for the flexible exchange rate
regime, and using (5.8), (5.9) and (5.38)-(5.43), the equilibrium effects of

technological disturbances are given by:

dsy  ds; =8[nyf+(1-n)y*£* | (1-F¥)
(5.44) el <0
2 2 z
dr‘1 dr2 -Ga*K[n(1-Y)g+(1_n)(1_7*)g*]
(5-“5) -d-s_ = E = ¢ O
2 2 Z
dw dr dr
12 e 1 2
(5.46) = - [=—-=5] >0
de, a* 'de, ds,

(5.47) - :
2 2 )




= 3 =

) = (1-F®)H[nyf+(1-n)y*r*| + a*KZ{n(1-Y)E+(1-n)(1-Y*)8*] > 0.

Note that fixing the exchange rate in this manner does not affect the qualita-
tive features of the cycle relative to the flexible exchange rate regime;
again the rate of inflation in each country is countercyclical while the real
interest rate is positively correlated with output (with a lead of one pe-
riod). From (5.44) and (5.26), income (at t+1) is highest in each country
when s, = 2. However, given (5.47) and (5.28), it is possible that the capi-
tal account might move differently across states in this regime compared to
the flexible exchange rate system.

For monetary disturbances, the results are summarized by:

ds}  ds) (q1-q2)[nyf+(1-n)Y*f*](1-F*)K
.48) - = - <0
(5 dz*  dz*
2 2 )
(5.49) Eil = EEQ -_H EEl - EEQ] 50
’ dzg dzg K dzg dzg
dr12 f*(q1-q2)K2[n(1—Y)g+(1-n)(1-Y*)8*]
(5.50) T > 0
2 )
db, db, n(1-n)(q1-q2)K2(1-F*)[-Y*(1-Y)f*g+Y(T-Y*)fg*]
(5.51) 32X - a2¥ 2 7 2 0.

Note again that the qualitative comovements among incomes, real interest
rates, and inflation are the same as under the flexible exchange regime,
though the nature of the cycle under each regime is quantitatively differ-
ent. Observe from (5.28), (5.35), (5.47), and (5.51), that the capital ac-
count may move differently across states in response to monetary and real
shocks under the flexible exchange rate regime, but that this is not the case
here; under a fixed exchange rate system both countries experience common

movements in the real interest rate and inflation. Consequently all that
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matters for the effect on the capital account is the differential responses of

savers and investors across the countries to shifts in rates of return.

Monetary Policy Peg

Here, the domestic government fixes the exchange rate through open
market operations in foreign exchange (thus let T,=0 for all t). These asset
exchanges, in contrast to the fiscal policy peg, do not affect the world
supply of fiat money (valued in terms of either currency). The equilibrium
behavior of the economy is examined here only for the case 25 > 1 (and z?=1 as
before). Given this, the gross growth rate of the world supply of fiat money
approaches z: in the limit as t » =». As in Kareken and Wallace [1981], a
version of Gresham's law holds, in that the fraction of domestic fiat money
not backed by foreign fiat money tends to zero in the limit as t + =.

As in the previous regime, “ij = ng for all i, j. From

(3.2)-(3.8), the equilibrium conditions which solve for xi, Bi, r.; 1 = 2

l’

and T, are (5.8), (5.9), (5.39), (5.40), and

(5.52) ny[1-F[r1—q1—(1—q1)/n1225]] - ﬂYﬁ12[1-F[F2-q2F12-(1-q2)/23)]
+ (1-n)y*[1-F*(r -q,-(1-q,) /7, ,23)]
- (1-n)Y*n12[1-F*[r2—q2n12-(1-q2)/zg} - 0,

which is the market clearing condition for fiat money. Incomes in each coun-
try and home country borrowing are given by (5.11), (5.12), (5.42), and
(5.42). Note that the actions of the home government in this regime effec-
tively make the portfolio restrictions on currency holdings nonbinding. The
home government carries out the net transfers of foreign currency between
domestic and foreign residents which would occur in the absence of legal

restrictions, so that the segmentation of markets is eliminated. This regime
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might then more correctly be interpreted as the "laissez faire" regime. Most
economists, including Friedman [1953], view a flexible exchange rate regime as
a noninterventionist system, but this view neglects the underlying portfolio
restrictions which make such a system feasible (see Kareken and Wallace
[1981]).

Using (5.8), (5.9), (5.39), (5.40), and (5.52), the equilibrium

effects of technological disturbances are then given by:

s} dsy  =8[nyf+(1-n)y*f*][ny(1-F)+(1-n)y*(1-F¥)]
(5.53) - 3 <0
d92 d82 "
) dr, dr, -8K[nva+(1-n)y¥*a*|[n(1-v)g+(1-n)(1-v¥*)g*]
(5.54) - = <0
d92 d92 Y
dr dr dr
12 _ (nyf+(1-n)y*f* L _.. e
(5.55) de, -[nya+(1-n)1*a*](d92 ) dez] > 0
db1 db2
(5.56) F, " @, n8(1=n) [ny(1-F)+(1-n) y*(1-F*) |

X[=(1-y) y*£*g+y (1-y*)fg¥]
v

20

b = H[n7f+(1-n)Y*F*][n¥(1-F)+(1-n)Y*(1-F*)]
+ K2[nya+(T~n)w*a*][n(1-v)g+{1-ﬂ)(1-7*)g*].

The qualitative comovements among incomes, real interest rates, inflation, and
the current account are identical in this and the previous regime, though
there are quantitative differences.

For the case of monetary disturbances, the following are obtained:
dg! de!  -(q,-qy)K[nyf+(1-n)y*c*|[ny(1-F)+(1-n)y*(1-F*) |
(5.57) f - = — 2

dzg dz#* y

<0
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(5.58) od-22- 0ol 22,
d'l'l'12 (Q1-q2)K2[an‘+( 1—n)Y*f'*] [n( 1_Y)g+( .T_n)( 1—7*)8*]
{5.59) dzg = - S0
db1 db2 5
(5.60) a;g - EE§ = n(q1-q2)(l-n)K [ay(1-F)+(1-n)y*(1-F*) ]

K[ =(1-y) y*£%gey (1-y*) fg* |
¥

L3

As with real disturbances, the qualitative comovements produced by monetary

disturbances are the same as in the previous regime.

6. Variability Under Alternative Exchange Rate Regimes

The results of the previous secticn are consistent with stylized
facts in that: 1) business cycle phenomena are qualitatively similar across
different exchange rate regimes; 2) incomes, interest rates, and inflation
rates tend to move together across countries over the cycle. Clearly, how-
ever, quantitative comovements among macro time series differ across exchange
rate regimes in the model, and it would be of interest to make comparisons.
In principle, the variance-covariance matrix for a vector which included all
variables of interest could be compared across regimes. However, since this
would be taxing on space and on the reader's patience, attention is confined
here to a compariscn of the variance of income and of the interest rats under
the three exichange rate systems.

Variances can be computed for small perturbations as in the previous
section, by using {5.20) and (5.21). In what follows, 03 will denote the
standard deviation of income (in either country) and OT the standard deviation
of the real interest rate under exchange rate system m, where the impulses are

technological disturbances. Here, m = a for the flexible exchange rate re-




- 35 -

gime, m = b for the fiscal policy peg, and m = c for the monetary policy
peg. Similarly, p? and o? are the standard deviations of income and the real

interest rate, respectively, when the impulses are foreign monef shocks.5

Real Disturbances

Under small technological disturbances, and utilizing (5.22),
(5.44), and (5.53), the following are obtained for the standard deviation of

output:

03 - c? = aa*Kz[n(1-Y)g+(1-n)(1-Y*)g*]an(1-q1+q2)

X[£*(1-F)-£(1-F*) |

) v

W - o = —6K2[n(1-y)g+(1=n) (1=y*)g*]n(1-n) yy*

X(1-q+a,) [£(1-F*)-p%(1-F) |2

’

vy

a? - o; « 6K2[n(1-Y)g+(1-n)(1-y*)g*][nyf+(1-n)7*f*]

Xny[ £(1-F*)-£*(1-F) ]

LY |

with the same proportionality factor in each case. Therefore,

(6.1) 0; 5 c; 5 c; if F*(1-F) - £(1-F%) > 0,
(6.2) a; 5 g; 5 a; if F*(1-F) - £(1-F*) ¢ 0,
and

(6.3) o = o° = of if F¥(1-F) - £(1-F%) = 0.




- 36 -

Using (5.23), (5.45), and (5.54), relative income and real interest
rate standard deviations are related as follows

{6.4) o? - a: x - % (U?—a;).

Therefore, the variability orderings for income in {6.1}-(6.3) are reversed
for the real interest rate.

There are two features of the results for which some intuition is
helpful. The first is-the reversal of the variability ordering across regimes
for income as opposed to the interest rate, and the second is the ordering
itself, Though the results come from generél equilibrium experiments, useful
intuition is gained if a partial equilibrium model of the world credit market
is considered, where the price in this market is the real interest rate, and
the quantity of credit is linked direetly to output. Then, the technological
shock which occurs when s = 2 is essentially a shift in the credit demand
curve. Thus, the equilibrium real interest rate increases more, and the
quantity of credit and output increase less as the supply of credit becomes
less interest-elastic. Since the exchange rate regime affects only the supply
side of the credit market, this then explains why variability orderings across
regimes are reversed for output and the real interest rate, as in (6.4).

To understand the differences in the variability of income and
interest rates under real disturbances across exchange rate regimes, one needs
tc understand how the interest elasticity of werld credit supply is affected
by the exchange rate system, The underlying responses of asset demands to
changes in expected rates of return are determined in the model by endowments
and preferences, and these responses therefore do not vary across exchange
rate regimes. However, the exchange rate system affects the sensitivity to

interest rate changes of rates of return on fiat money in the two countries.
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This is then reflected in differences in the aggregate elasticity of world
credit supply in the different exchange rate regimes. For example, in the
flexible exchange rate regime, the two fiat monies are not substitutable and
rates of return on fiat money will generally differ in the two countries.
However, with the monetary policy peg, the asset swaps carried out by the home
government effectively make the two fiat monies perfect substitutes (though
private agents cannot literally substitute one fiat money for the other), and
rates of return on fiat money are equated. Therefore, the interest elasticity
of world credit supply is lower (output variability is higher and interest
rate variability lower) than with a flexible exchange rate, since under the
first regime agents are (effectively) more inclined to substitute one fiat
money for another, and therefore less ineclined to substitute intermediated
credit for fiat money, |
Next, compare the monetary policy peg with the fiscal policy peg.
Rates of return on fiat money are equated in the two countries under both
regimes, However, with the fiscal policy peg the home government equates
these rates of return by letting the home country supply of fiat money respond
passively, in such a way that the home country market for fiat money mimics
the foreign money market. Thus, the rate of return on fiat money is deter-
mined in the queign money market with the fiscal poliey peg, and is deter-
mined In an integrated world money market with the monetary policy peg.
Therefore, if the demand for fiat money is more responsive in the foreign
country to changes in the interest rate than is the case in the home country,
that is, if f*/(1-F*) > f/(1-F), then the world supply of credit is more
interest-elastic (oﬁtput 1s less variable and the interest rate is more vari-
able) for the fisecal policy peg than for the monetary policy peg. With a

similar argument explaining the differences in the elasticity of world credit
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supply between the flexible exchange rate syétem and the fiscal policy peg,

this then explains the variability orderings in (6.1)-(6.4).

Monetary Disturbances

In line with the analysis of section 5, the relative variability
across regimes in income and the real interest rate are again examined, where
the impulses are foreign monetary shocks rather than technological distur-
bances. In a similar manner to the real shock case, and using (5.29), (5.30),

(5.48), (5.49), (5.43), and (5.58), the following are obtained:

a b
py - py « - (q1-q2)K(1-F*)nyfa*{H[nyf+(1-n)y*f*](1-F)
+ak®[n(1=y)g+(1-0) (1-y*)g*]} /7]
p; # p; « - (q1-q2)KnY{H[an+(?~n)7*f*]fa*(T-F)[nY(1-F)
+(1-n)7*(1-F*)]+aK2[n(1—Y)g
+(1=n) (1-y*)g*] [nyfa*(1-F)+(1-n) y*£( 1-F*)2
+(1=n)y*£%2(1-q,+q,) (1-F) | }/7
o? - o; « (q1-q2)K3[an+(1-n)Y*F*][n(1—Y)g+(1-n)(1-Y*)8*|
Xny(1—q1+q2)[f(T—F*)—f*{i-F)]fz b
(6.5) 6% s g o B g Ty
r r K y 'y

Therefore, since the proportionality factor is the same for each of the rela-

tive income standard deviations, and given (6.5), it follows that

(6.6) pj > p? 5 93 if £%(1-F) - £(1-F*%) » 0,
(6.7) o? > o? > p? if £*(1-F) - £(1-F*) < 0,
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and
b _ e a . %0 1_FY o F®) =
(6.8) DJ = pj > pJ if £*{1-F)} - f(1-F*) = 0,
for j =y, r.

The same partial equilibrium intuition as for the real shock case
can he applied to explain these results. With monetary shocks the demand for
credit is unaffected, and the supply of credit function shifts. As a result,
the variability orderings for income and the real interest rate will be iden-
tical across regimes (see (6.5)). If a foreign monetary disturbance shifted
the credit supply function by the same amount under each exchange rate regime,
then the variability orderings for income would be the reverse of the order-
ings for the real disturbance case, However, from (6.1)-(6.3) and (6.1)-
(6.8}, this is not so. That is, the shift in the supply of credit function
caused by a foreign money disturbance is different under each of the alterna-
tive exchange rate regimes. In fact, it is the shift in the curve and not the
interest elasticity which determines the variability orderings for the money
shock case.

In comparing the flexible exchange rate regime to either fixed
exchange rate system, note that the domestic market for fiat money is insu-
lated from the direct effects of foreign money shecks in regime a, but is not
in regimes b and ¢. Thus, less substitution from fiat money to intermediated
credit is induced in regime a relative teo b and ¢, and output is therefore
less variable. The important difference between regimes b and ¢ is that, in
transition states, money growth in the home country differs from that in the
foreign couétry under the fiscal peg, but does not under the monetary poelicy
peg (asymptotically). The transition state money growth rates for regime b

are given in (5.41). Note that, in a transition from state 2 to state 1,
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money demand increases since the expected return on money rises. If the home
country has a higher (lower) interest elasticity of demand for money than the
foreign nation, then in order to peg the exchange rate under regime b it must
increase (decrease) its {and therefore the world's) money supply. Thus in
state 2, if money demand is more (less) interest-elastic in the home country
than in the foreign country, then agents anticipate higher {lower) money
growth in regime b than in regime ¢. Since higher money growth is antici-
pated, more substitution is induced from money to intermediated credit, and

hence output is more variable. This explains (6.6}-(6.8).

Remarks

To this point, welfare issues have not been addressed, since a
proper treatment of those issues is a topic for another paper. However, note
that neither the variance of income nor of the real interest rate is directly
related to any appropriate welfare measure, given the preferences of agents in
the model. 1In fact, since all agents are risk neutral, they are indifferent
to mean-preserving spreads in the distribution of consumption. One approach
to welfare analysis in this stochastic environment would be to rank exchange
rate regimes according to a Pareto criterion. That is, regime m Pareto domi-
nates regime m' if, for any path followed by s, all agents achieve higher ex-
pected utility, conditional on the path of s. up to their birth, in regime m
than in regime m'. A local welfare analysis could then be carried out, analo-
gous to the local analysis of the model's variance-covariance properties done
here, A& reasonable conjecture is that the three exchange rate regimes cannot
be Pareto-ranked in this manner, particularly since (omitting the effect of
government transfers on welfare}, if agents in a given generation face a
higher real interest rate, all lenders are better off and all entrepreneurs

are worse off.
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The results of this section clearly have a hearing on traditional
debates about the "insulating™ properties of different exchange rate systems
(see, for example, Friedman [1953]). In this traditional view, an exchange
rate regime provides better insulation if the variance of some key variable,
usually ineome, is lower under that regime than under an alternative (here,
keep in mind the above comments on the use of income variability as a welfare
measure in the model). Focusing on the variability of income, the flexible
exchange rate regime insulates best against foreign monetary disturbances (see
(6.6)-(6.8)), but may or may not provide the best insulation against technol-
ogy disturbances which affect both countries (see (6.1)-(6.3)}. In this
regard the properties of the model are broadly similar to those of Mundell-
Fleming models with perfect capital mobiliﬁy (see Mundell [1968]) and some of
the intuition is similar. However, it should be emphasized that this similar-
ity in predictions should not lead one to prefer the older (and perhaps sim-
pler) approach, as in some cases it would be misleading. For example, the
approach here provides an insight into how different exchange rate regimes
generate different patterns of substitutability among assets. This insight is
missed if asset demand functions are taken as primitives. See Sargent [1983]
for a discussion of how this difference in approaches can be critical in
answering some questions.

Some comments are in order with regard to how these results relate
to those in other recent work comparing alternative exchange rate regimes. In
Helpman [1981] and Lucas [1982], the choice between a fixed and flexible
exchange rate regime has no implications for real allocations, in environments
where money 1s neutral. In contrast, the exchange rate system matters here
because money is not neutral. Aschauer and Greenwéod (1983] show that the

equivalence result does not hcld in a version of Helpman's model that includes
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a labor-leisure choice, in which case anticipated changes in money growth are

not neutral (see also Stockman {1985] and Greenwood and Huffman [1987]). Note

"however, that the mechanism by which money affects ocutput in Aschauer and

Greenwood [1983] is different from the forces at work in this model. In the
former framework, an increase in money growth and inflation acts as a tax on
labor effort and output falls, while in this model the same disturbance causes

portfolio substitution into intermediated credit, which increases output.

7. Conclusions

This section will be used to discuss two issues of note, rather than
to summarize results in the paper. First, since an important and novel (in
the international finance literature) feature of the model is the explicit
role it provides for financial intermediation, a discussion of the relation-
ship between this role for intermediation and the phenomena studied in the
paper is pertinent. Second, some comments are provided on the general useful-
ness of the modeling approach of this paper, in relation to the representative
agent paradigm.

The importance of the intermediary structure is most readily appar-
ent in the analysis of the deterministic equilibrium in section 4, This
analysis shows that two countries facing the same investment technolegy can
have different (persistent) levels of income and a different composition of
wealth, if agents in these countries face different transactions costs and/or
if entrepreneurs are more or less costly Lo monitor in one country than in the
other. Transactions costs and monitoring costs, in addition to heiping gener-
ate steady state behavior consistent with some stylized facts of economic
growth, determine impeortant features of the intermediary structure. In parti-
cular, diversified intermediaries that write debt contracts arise as a means

of economizing on monitoring costs, and the existence of transactions costs




implies that intermediary liabilities dominate fiat money in terms of expected

rate of return. Thus, the ability of the model to explain long run facts is
integrally-related to its ability to endogenously generate an intermediary
structure with observed features.

For the business cycle phenomena studied in section 5, the role of
the intermediary structure is perhaps less obvious. One might argue that a
simpler model without an intermediary structure could produce the same set of
business cycle observations, and that intermediation is therefore inessential
in accounting for these phenomena. This simpler model might be an overlapping
generations model without private infeormation, but with a one-period stochas-
tie storage technology subject to aggregate decreasing returns to secale. This
alternative model would generate a variance-covariance structure for the
endogenous variables that would, in part, be determined by parameters charac-
terizing aggregate production technologies. However, the model studied here
goes deeper, in that it produces a variance-covariance structure that depends
on the distributions of transactions costs and of monitoring costs across
agents. Thus, with the approach in this paper, more insight is gained regard-
ing the underlying processes which play a role in fluetuations. In addition,
the intermediary structure in the model permits cne to draw a correspondence
between model pfzr'a.meters and observables. For example, in equilibrium the
transactions costs in the model are literally the costs of transacting with
intermediaries.

The model constructed here has a rich structure of heterogeneity
among economic agents who have simple preferences. This struccure can be
contrasted to the mére widely-used representative agent paradigm, in which
agents are identieal, but possess more complex preferences. Tnis iatter

approach has recently been popular in international finance, for example in
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the work of Aizenman [1983], Greenwood [1983], Helpman and Razin [1982],
Obstfeld [1981], and Stockman and Svensson [1987}.6 In these studies, con-
sumption-smoothing and intertemporal substitution are important in explaining
comovements among the exchange rate, the trade balance, and other variables.
On the other hand, in the current model, agent heterogeneity does the work in
determining patterns of covariation in prices and aggregate quantities. What
the approach in this paper buys, at the expense of abstracting from the com-
plexity of individual decision making, is an ability to explain a rich array
of observable phenomena, institutions, and patterns of trade. It is hoped
that future research can build on this approach, perhaps by integrating what

has been learned here with features from representative agent models.?
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Footnotes

1For example, we might suppose that there is some group of agents in
the model who do not have an endowment or access to a technolegy, and who
always repudiate their debts. Part of the ceost o might be a cost of distin-
guishing these agents from other agents who do not repudiate. Also, a might
include check-writing costs of the type incorporated in the framework of
Freeman and Huffman [1986].

*The legal restriction that agents cannct hold the other country’s
currency across petriods is a portfolio restriction only. This does not re-
strict within-peribd transactions which in.some interpretations of the model
are carried out using currency {(domestic, foreign, or both). However note, in
contrast to what occurs in cash-in-advance models, that these within-period
transactions do not require currency.

It would make no difference for the subsequent analysis if monetary
and real shocks were independent, with each following a two state Markov
process,

*The output expansion occurs in the peried following the interest
rate movement, but the correlation is contemporanecus and of the same sign if
disturbances are positively serially correlated (q1>q2).

SFormulae for standard deviations are algebraically simpler than for
variances.

%see Kimbrough [1986] for a survey of this literature.

"See Williamson [1987b] for a model which incorporates elements of
agent heterogeneity and intertemporal substitution in a closed econcmy frame-

work similar to this one,
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