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Abstract

This paper presents a two-country, two-good, two-currency model to study the role
of liquidity effects in exchange rate determination and the international transmission
of economic fluctuations. The model provides an exchange rate equation which is dif-
ferent from the simple purchasing-power-parity law of exchange rate determination.
Both monetary injections and real disturbances can lead to exchange rate fluctuations
and comovements of interest rates, prices and output of the two economies. Whether
the covariances of variables in the two countries are positive, negative, or zero de-
pends critically upon the substitutability of the two consumption goods in consumers’
preferences.

*I would like to thank Steve Williamson for his advice and encouragement. I am also grateful to Paul
Gomme, Jeremy Greenwood, Andreas Hornstein, Peter Howitt, and an anonymous referee for their helpful
comments. All errors are mine.



1 Introduction

A number of recent studies have provided strong empirical support for the view that positive
shocks to money lead to reductions in nominal interest rates and increases in output. For
instance, in the U.S. data, Bernanke and Blinder (1990) find evidence consistent with the
view that monetary policy works, using innovations to the interest rate on Federal Funds as
a measure of changes in monetary policy. Christiano and Eichenbaum (1991) find that the
Federal Funds rate is negatively correlated with different measures of monetary growth and
with current and future growth rates of output. These observed negative correlations can
be interpreted as the results of two opposing effects associated with unanticipated monetary
shocks. The first is a liquidity effect, where nominal interest rates fall to induce economic
agents to absorb the extra money, which in turn stimulates real activity. The second is an
expected inflation effect. If monetary shocks are positively serially correlated, a surprise
increase in money supply drives the nominal interest rate up and leads to reductions in
employment ‘a.nd output. The evidence suggests that the liquidity effect dominates, at least
in the short run.

The liquidity effect is absent in monetary versions of real business cycle models. Money
has been introduced into the standard real business cycle model by imposing cash-in-advance
constraints on transactions [ as in Greenwood and Huffman (1987), and Cooley and Hansen
(1989) ]. These models have only the expected inflation effect, where interest rates rise and
output falls in response to a positive monetary shock.

Recently, Lucas (1990) has suggested a methodology to capture liquidity effects in modi-
fied versions of cash-in-advance models in which the convenience of the representative house-
hold fiction can be retained. In contrast to the transaction-based models of Grossman and
Weiss (1983) and Rotemberg (1984), Lucas’s methodology can entirely eliminate the prob-
lematic wealth redistribution effects induced by monetary shocks, and allows us to isolate

the liquidity effects.



Fuerst (1992) extends Lucas’ work by introducing production in the exchange economy of
Lucas (1990), to study the link between money and real activity in a closed economy. Mone-
tary injections are assumed to occur through financial intermediaries. Intermediaries channel
the newly injected cash to borrowers, and intermediate between ‘borrowers and savers. The
crucial assumption is that there is an asymmetry of monetary injections. Savers are unable
to alter their deposit decisions after each monetary injection. Only borrowers have access to
the newly injected cash through intermediaries.! As a consequence, an unanticipated mon-
etary injection will redistribute purchasing power in favor of borrowers. This redistribution
of liquidity will affect real activity by altering the composition of current output, shifting it
toward the goods and services borrowers consume. These compositional effects distinguish
Fuerst’s model from other cash-in-advance models. With the liquidity effects, a monetary
shock will also generate fluctuations in asset prices for non-Fisherian reasons.

There are some further studies of liquidity effects as a channel of monetary transmission.
Christiano (1991) and Christiano and Eichenbaum (1991) modify Fuerst’s model to generate
a dominant, persistent liquidity effect so as to improve its ability to confront the data.

This paper is an attempt to study the role of liquidity effects in an open economy, to
investigate how they affect the determination of the exchange rate and the international
transmission of economic fluctuations, following Fuerst’s approach to modelling the asym-
metry of monetary injections. The literature on international economics contains many
cash-in-advance approaches to exchange rate determination. The two-country general equi-
librium models developed in Stockman (1980), Lucas (1982), Helpman and Razin (1985),
and Svensson (1985) provide theoretical studies of the determination of prices, interest rates
and currency exchange rates with liquidity constraints. However, they did not incorporate
the liquidity effects from an asymmetry of monetary injections into their models. In ad-

dition, their attention was concentrated mainly on exchange rate determination, and the

1These assumptions are to capture the institutional fact that corporations have more access to the loans
market, while consumers have difficulties in getting credit, and face an interest rate which is much higher
than that faced by corporations.



transmission mechanism for fluctuations in output was ignored.

In the literature on the generation and transmission of international business fluctua-
tions, most work studies the transmission of real business cycles [ e.g. Dellas (1986), Cantor
and Mark (1987) and (1988) |. The performance of these open economy real business cycle
models is not satisfactory. Backus, Kehoe and Kydland (1991) find that the most striking
discrepancy between theory and data concerns the cross-country correlations of consumption
and output. In the data, output fluctuations are more highly positively correlated across
countries than consumption fluctuations, while the theory predicts the opposite. Some expla-
nations for the low cross-country consumption correlations have been provided by Stockman
and Tesar (1990), Tesar (1990), and Devereux, Gregory and Smith (1992), however, these
open economy real business cycle models consider only the non-monetary features of the
world economy.? The role of monetary disturbances, or more precisely, the role of liquidity
effects has not been emphasized in open economy studies.

This paper presents a two-country, two-good, two-currency model to take both exchange
rate determination and the transmission of economic fluctuations into consideration. The
model is a two-country version of the model in Fuerst (1992). As in Fuerst’s model, cash-in-
advance constraints are imposed on all transactions. The two countries are linked together
by trade in goods and trade in assets. The restrictions of using the sellers’ currency for
transactions in goods markets and using the buyers’ currency for transactions in bonds
markets assign intermediaries a role in international trade financing.?

An alternative explanation (with monetary features) for the low cross-country consump-
tion correlations is presented in this paper. The particular financial structure imposed in

this model seems to be capable of generating lower consumption correlations and higher

3The low cross-country consumption correlations can be explained by incorporating nontraded goods
[ as in Tesar (1990) ], or by introducing taste shocks [ as in Stockman and Tesar (1990) ], or by assuming
preferences with non-separability between consumption and labor supply [ as in Devereux, Gregory and
Smith (1992) ].

3Although Rotemberg (1985) presents a two-country version of the closed economy model in Rotemberg
(1984) to examine the connection between money and the terms of trade, it is unable to generate the
compositional effects as Fuerst (1992) and this paper do. '



output correlations across countries than the usual open economy real business cycle models
do. This model focuses attention on the role of international financial markets in allocating
liquidity. This particular financial structure prohibits economic agents from insuring them-
selves against the liquidity risk of dealing with financial intermediaries, and this can lead to
a reduction in consumption correlations across countries. Meanwhile, the cash-in-advance
constraints restrain labor from being used too intensively when its productivity is high, and
this can increase the correlations of output across countries.

This model provides an exchange rate equation with new elements which is different from
the usual purchasing-power-parity law of exchange rate determination. Liquidity effects are
incorporated into the determination of the exchange rate. Both monetary injections and
real disturbances can lead to exchange rate fluctuations and comovements of the interest
rates on bonds denominated in either currency, prices and output (employment level) of the
two economies. The international transmission mechanism of business fluctuations in this
model is different from those of the traditional Mundell-Fleming framework or some recent
work on open economy disequilibrium models with sticky goods prices [ e.g. Svensson and
van Wijnbergen (1989) ]. In this model, all prices are flexible. In addition to the cash-in-
advance constraints, the only rigidity is in the deposit decision of households. By affecting
the allocation of liquidity in international financial markets, the effects of the home country’s
economic disturbances are transmitted to the foreign economy. How the foreign economy
responds to these liquidity shocks depends critically upon the substitutability of the two
consumption goods in consumers’ preferences. This result is similar to that in Svensson and
van Wijnbergen (1989), though we have different channels of monetary transmission.

The remainder of the paper is organized as follows. The model is presented in Section
2. A stationary rational expectations equilibrium is described in Section 3. The effects of
monetary shocks and productivity disturbances on the world equilibrium are discussed in

Section 4. Section 5 is the conclusion.
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2 The Model

This is a two-country, two-good, two-currency model, formulated in discrete time with an
infinite horizon. The home country and the foreign country have identical constant numbers
of infinitely-lived households. All variables will then be expressed in per (own country)
household terms. Foreign variables and parameters are indexed with an asterisk (*).

The infinitely-lived households of each country are identical. The world economy can
be considered as an economy with two heterogenous representative households. The objec-

tive of the home country representative household is to maximize its expected lifetime utility,

E, i,@‘U(cu,cz:,’t)] ) 0<p<1, (1)
t=0
U(cu,cm, l:) =In [Cua + Czc""‘]é + [1 - lt] ) a<l, (2)

where E, is the mathematical expectation conditional upon information available in period
0. The instantaneous utility function U(cye, ca¢, It) is discounted by the subjective discount
factor B. The consumption of good j in period ¢ is c;, j = 1,2.* Define o = 2=, to be the
constant elasticity of (intratemporal) substitution in consumption between the two goods.
In every period, the household is endowed with one unit of time. The household supplies I,
units of work effort to the labor market in period ¢.° Labor is internationally immobile. For
simplicity, the representative households of the two countries are assumed to have identical
preferences.

There is a complete specialization in production, and trade allows agents in each country

4Taking the logarithm of the CES utility function of the two consumption goods results in a unit elasticity
of intertemporal substitution in consumption, which simplifies the calculation.

5As in Fuerst (1992), the instantaneous utility function is linear in leisure. This assumption is required
for simplifying the calculation and obtaining a closed-form solution of the optimisation problem. In addition,
this assumption implies a perfectly elastic labor supply curve. As a result, both of the intertemporal and
intratemporal responses of labor supply to the economic disturbances are eliminated. Rather than being a
drawback, this specification of the utility function allows the model to stress the fluctuations in employment
level brought about by shifts in labor demand.



to consume both goods. Firms in the home country produce only good 1, while those of the
foreign country produce good 2. The production functions are identical within a country,
but different across countries. Each production process requires only labor input. Each of

the home firms faces the production function,

F(H,) = 6,H,, 3)

where 0, is the country-wide productivity shock, and H; denotes units of labor employed
by the home firm. Similarly, the foreign firm’s production function of good 2 is given by
F*(Hy) = 6;H;. With the constant returns technology, perfect competition implies that

firms earn zero profits, so that trading in equity claims can be ignored.

2.1 The Timing of Information and Transactions
The world economy is a monetary economy with cash-in-advance constraints on all trans-
actions, making use of the methodology suggested by Lucas (1990). This approach allows
for the introduction of an asymmetry of monetary injections while retaining the convenience
of the representative household fiction.® In this model, each household is composed of five
members: a shopper, a worker, a firm, an importer, and a financial intermediary. Cash
injections are asymmetric within a household, but symmetric across households of the same
country. Injections are asymmetric across countries. Let the beginning-of-period per (own
country) household home money stock and foreign money stock be denoted by M, and M;,
respectively. From now on, I will use the term “per capita” instead of “per (own country)
household” for convenience.

The timing of information and transactions is shown in Figure 1. The representative
home country household enters a period with cash balances carried over from last period,

which include M, units of home currency and My, units of foreign currency. It deposits

6The international problem is complicated by the fact that the two representative households cannot be
treated as a single representative household. In order to eliminate the redistribution of wealth across the
two heterogenous households induced by liquidity shocks and to keep the model tractable, the assumptions
of no physical capital and no intertemporal trade across countries are required.

1



N units of home currency in the home intermediary. Transaction costs are prohibitively
high so that once the deposit is made, it cannot be withdrawn until the end of the current
period. This assumption is crucial to generate the asymmetry of monetary injections within
the household and will be illustrated in more detail below. In addition, for simplicity, the
home country household is not allowed to hold foreign currency-denominated deposits. This
restriction will not make any qualitative difference to the results.

After the home country deposit is made, the household separates. The shopper takes
the remaining My — N; units of home currency to the local goods markets. The worker
goes to the home labor market. The importer takes the foreign cash balance My,. The
firm, the intermediary and the importer go to the financial market where they will meet
their counterparts of the foreign country. In the financial market, both home currency-
denominated bonds and foreign currency-denominated bonds can be traded. Assume that
the number of households of each country is large enough that every individual acts as a
price-taker. .

Once the household is separated, the state of the world is revealed to everybody. The state
of the world, s, is independently and identically distributed across time, and its distribution
function G(s;) is public knowledge. The country-wide productivity shocks, and the monetary
injections of each currency from its own country’s monetary authority are determined by the
state of the world.

Each country has a monetary authority which injects newly issued currency of its own
country into the financial market through two channels. The first is by way of lump-sum
transfers. The home monetary authority transfers X, units of home currency to each of the
home intermediaries. These monetary injections increase the money stock of the economy
permanently. The second channel is open market purchases. Each home intermediary is
free to choose the quantity of home currency borrowed from the home monetary authority,
Y;, taking the one-period nominal interest rate, ig;, as given. Given the fixed volume of

open market purchases, ¥;, determined by the home monetary authority, the interest rate



will adjust to clear this market. By assuming these are one-period loans and the monetary
authority rebates all of its interest income to its households at the end of the current period,
after all transactions are completed, this type of monetary injection is temporary and leaves
the end-of-period (beginning-of-period) economy-wide money stock unchanged.

In the goods markets of the home country, the home shopper purchases good 1 and good

2 for consumption subject to the cash-in-advance constraint
Mps — N¢ 2 Precye + Paca, (4)

where Py, j = 1,2, is the price of good j, in units of home currency.

In the financial market, each intermediary is assumed to be able to make loans de-
nominated in its own country’s currency only, while it is allowed to lend to any firms and
importers of both countries.” There are three sources of home currency available to the
home intermediary: the deposit by the home household, N¢, the lump-sum transfer, X;,
and the borrowings from the home monetary authority, ¥;. An implicit assumption is that
financial intermediaries are not allowed to issue inside money as a medium of exchange. The

representative home intermediary has the following cash-in-advance constraint
Ne+ X+ Y. 2 Bpe + Zpe + By, + 25, . (5)

Taking the market interest rate on the home currency-denominated bonds, i, and the de-
mand for funds of the foreign borrowers as given, the home intermediary allocates the loans
Bh:, Zn:, By, and Zj, to the home firm, the home importer, the foreign firm and the foreign
"importer, respectively.

The home firm borrows Bjp: units of home currency from the home .intermedjary and
By; units of foreign currency from the foreign intermediary. The home importer borrows

Zp¢ units of home currency from the home intermediary and Zy: units of foreign currency

"That is, it is assumed that each bond is denominated in the currency of the lender’s country. This
assumption is for simplicity. Even if we let intermediaries borrow from the intermediaries of another country,
then lend to their borrowers, the equilibrium will not be affected. But many accounting procedures will be
involved.

[

(1]



from the foreign intermediary. However, home firms have to pay the home workers in home
currency, while home importers have to pay the foreign firms in foreign currency. Their
foreign counterparts also face a similar problem. At this time, the foreign exchange market
is opened so that the firms and the importers of both countries can trade for the desired
currency. Assume that a flexible exchange rate regime is adopted by the two countries. Let
é: be the exchange rate at the beginning of the period, after the state of the world s, is
known. This exchange rate will adjust to clear the foreign exchange market.

In addition, firms and importers of the same country may trade bonds with each other.
These bonds may be either home currency-denominated or foreign currency-denominated.
They are not allowed to trade bonds with the firms or importers of another country. Only
intermediaries are assumed to have the expertise to deal with the borrowers of other countries.
However, in equilibrium, the net supply of the bonds traded among firms and importers of
the same country will be zero in this representative agent economy. Thus, it does not matter
whether these kinds of asset trading among firms and importers of the same country are
allowed or not. But for deriving the asset pricing rules, two kinds of asset trading will be
considered. The first is the trading of home currency-denominated bonds among the home
firms. The second is the trading of foreign currency-denominated bonds among the home
importers. The representative home firm purchases K}, units of the one-period, one-unit
home currency-denominated bonds, issued by other home firms, at the price of ¢, = ﬁ; units
of home currency. Similarly, the representative home importer purchases K #¢ units of the
one-period, one-unit foreign currency-denominated bonds, issued by other home importers,
at the price of g; = 1—4_%‘. units of foreign currency.

The home firm then takes the home currency obtained after asset trading, Bxe + Byeéy —
Km(ﬁlz), to the home labor market, hires H, units of labor at the market wage rate, W,
to produce good 1 according to the production function given by equation (2). The cash-in-

advance constraint of the home firm is given by



1
141,

B + Byeéy — Kne( ) 2 W.H,. (6)

The output will be shipped to the home market of good 1 and sold to home shoppers and
foreign importers at the price of P;; units of home currency. The home worker receives his
wage, W;l;, and goes home to enjoy his leisure, 1 — [,.

The home importer goes to the foreign goods markets with the cash balances obtained
after the asset trading, My, + Z;, + -zé‘:‘ -K ﬂ(-l-_{E), purchases foreign goods at the price of
Pj, units of foreign currency, and sells them to home shoppers at the price of Py units of
home currency in the home market for good 2. Thus, the cash-in-advance constraint for the

home importer is

Z 1 .
My + 24 + e—:‘ - Kft(m) > Pyca. (7)

At the end of the period, loan repayments are made.® However, the home borrowers do
not have foreign currency to repay the loans from the foreign intermediaries, while the foreign
borrowers do not have home currency to repay the loans from the home intermediaries. It
is assumed that the transaction costs in the foreign exchange market are significantly less
than in the loans market so that currency trading can be more frequent than other asset
trading.? Consequently, only the foreign exchange market can be reopened at the end of the
period. Borrowers can trade for the currency they need for repaying their foreign debts.?
The end-of-period exchange rate, e;, responds to clear this foreign exchange market. After
all transactions are completed, the household is reunited, all remaining cash is pooled, and
goods purchased by the shopper are consumed. Ihe home monetary authority rebates its

interest income to the home representative household as a lump-sum transfer, I';. The

8Whether the loan repayments are made at the end of the current period or in the next period before the
borrowers obtain their new loans makes no difference to our analysis.

®This assumption is also used by Helpman and Rasin (1982) and Svensson (1985). Svensson (1985) calls
this “continuous currency trade”.

10Since the cash-in-advance constraints are imposed, borrowers are always able to repay their debts. The
market-clearing condition of the foreign exchange market implies that there is no intertemporal trade across
countries in every period, which helps to focus our discussion on the role of liquidity effects.

10
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household then holds the rema1ining cash balances Mj,,, and My, for next period, where

|
Muyyr = My + X — Yidor + Py JF(Hy) — Pyyere — WeHy + Welp + Bpiéy — Zp,

L

+ (Bhe + Zpy) 3% — (Bpe + Ze)(1 + 45 )eg + Kie (1 n it) + I, (8)
M M Zne i .
41 = Mp+Zp+—+ Ky, (ﬁ) — Pyca . (9)
€ + L

Due to the assumptions of a flexible exchange rate regime and no debts carried over
periods, the current account of each country is always balanced.!! Let A, = (0¢,X¢,17¢,I‘¢)
and P, = (Pu, Pat, e, %01, 3, W, €, €¢) denote the vector of the economic disturbances and
the vector of the market prices faced by the home representative household, respectively.

The activities of the foreign representative household are analogous to those of the home

representative household, and the foreign variables and parameters are defined in a similar

way.

2.2  The Optimization Problem of the Home Representative Household
The home representative household faces the following dynamic optimization problem.
Also, it is noted that there is an analogous optimization problem for the foreign representative
household, which is presented in the appendix.
Given the distribution function G and the collection of sequences
{ Ae, Pe, My, My, My, M}, B, Z}, 332,
the home representative household chooses the collection of sequences
{Ne,c1e, a0, Y, Bhey Zpey Byey Zgey by Hyy Ky Kpe 320
to maximize the expected lifetime utility with preferences given by (1) and (2), subject to
the technology constraint (3), the cash-in-advance constraints (4)-(7), and the two evolution

equations of the household’s beginning-of-period cash balances (8) and (9).

11n this model, the existence of the cash-in-advance constraints implies that the current account consists
of trade in goods and trade in financial services. Each household not only purchases the goods of another
country but also employs the financial services provided by the intermediaries of that country.

11



In restricting the discussion to stationary rational expectations equilibrium, in which the
prices and decision rules are fixed functions of the state of the world, s, and the ratio of
the beginning-of-period per capita money stocks of the two countries, §;, = %‘:—, we have to
rescale the nominal variables. Every nominal variable is divided by the beginning-of-period
per capita money stock of its own country. That is, normalize the beginning-of-period per
capita money stock of each country at unity. Let lowercase letters represent the rescaled
values. For instance, the vector of the economic disturbances and the vector of the market
prices faced by the home representative household are now denoted by A, = (8, z¢, %, 7:)
and p; = (p1¢, Pat, 3¢, Toe, Bt , We, €, €¢), respectively. Dynamic programming can be applied to
solve the household’s optimization problem. Define the value function corresponding to the

household’s problem J(m, §, 3) by

1 ol [
J(m,6,3) = max / erapn e AU 0, 0) + BT, 8, 8)}G(s), (1)

subject to
mp—n 2 pic+pacy, (4)
ntz+y 2 bh+an+bi+z, (5
b + byéb — ky (— > wH, (6,)
my + 24 + ~kt (/=) 2 pica, (7™

1+z"

1 . ~
my, = T2 [m;.+z-yto+p1f'(H)—-p1c1-wH+wl+b,e8—z;.

+(bh+'~'h)"(b!+z!)(1+')e5+kh( 7t (8)

1
m; = [mf+zf+ s TR

1+ - ) Pz 2]’ (9')

1+-

where the time subscripts for current period have been omitted while those for the next
period have been replaced by primes. The realization of last period’s state of the world
is 4. The collection of the beginning-of-period money holdings of the home and foreign

12
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representative households is represented by m = (my,my,mj, m}). The growth rates of the
beginning-of-period per capita money stocks of the home and the foreign country are denoted
by z and z*, respectively. It is noted that the decision for n is made before the realization
of the state of the world s. Thus, n is independent of s.

Let p,, pa, ps and p4 be the multipliers associated with the cash-in-advance constraints

(4")-(7’) respectively. Necessary conditions for the home representative household are:

Elm(s)] = E[pas)), (10)
U1_(8)- — Ug(s) — 1
) ~ mls)  T-m (4
ne) _ L [0
P1(3) = ”’1(3) + 1+ z(3) ﬂE [Pl(s')] ’ (12)
) = ) g [0
171( ) 1 +z(s) ﬂE [Px(s')] ' (13)
w(s)[1+i(s)] = pi(8)F'(H(s)), (14)
IR O 1)
pa(s) = pa(s) = 1+2(s) BE [pl(s') ) (15)
_ 1*(a)e(s)é Ui(8')
ua(s) = 1+a(s) P7 [px(a') ’ - (18)
1 _ é(s) (17)

1+4(s)  e(s)[l +1i*(s)]
ma(s)=n 2 pi(s)er(s) + pa(e)ea(s)  with equality if wa(s) > 0, (47)
n+2(s)+y(s) = bua(s)+2zn(s)+b5(s)+25(s) with equality if ua(8)>0, (57)
br(8) + by(s8) é(s) 6§ = w(s)H(s) with equality if ps(s) > 0, (6")

13



my(s) + z5(s) + g-('{% > pa(8)ea(s) with equality if p4(s) > 0. (™)

where the ratio 1/[1 + z(s)] is for rescaling the values relative to next period’s beginning-of-
period per capita money stock rather than the current one. Arbitrage implies i(s) = io(s).
Also, as mentioned above, Kj(s) = Ky(s) = 0 Vs in equilibrium. These have been
substituted into the necessary conditions.

Equation (10) is the first-order condition for deposits. The expected marginal utility from
one unit of home currency allocated to the shopper, E(u,), must be equal to the expected
marginal utility from one unit of home currency-denominated deposit put into the financial
market, E(g,3).

Equation (11) is the usual first-order condition for intratemporal allocation of consump-
tion. Equations (12)-(14) are the intertemporal first-order conditions for consumption, la-
bor supply and labor demand, respectively. The effective wage rate faced by the firm is
w(s)[1 + i(s)]. Equation (12) shows that the existence of a binding liquidity constraint
drives a wedge between the marginal utility of consumption and the discounted expected
marginal utility of consumption of next period.

Equation (15) is the first-order condition for borrowing from the home intermediary. The
marginal utility of one unit of home currency in the financial market, p;, should equal the
marginal utility from one unit of home currency allocated to the home firm, 3, which should
also equal the discounted expected marginal utility derived from the interest payment, i(s).
Equation (16) is the first-order condition for borrowing from the foreign intermediary. The
marginal utility from the use of one unit of foreign currency, p4, and the discounted expected
marginal utility loss from the interest payment paid at the end of current period must be
equalized. Equation (17) is the first-order condition for the home borrowers to borrow from
both intermediaries. That is, they are indifferent between issuing bonds denominated in

either currency; of the two countries. It must be the case that, the price of a one-period,

14
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one-unit home currency-denominated bond, 3 AL is equal to the price of the one-period,
foreign currency-denominated bond with face value equivalent to one unit of home currency,
measured in terms of home currency, z.)—[i(_f#n. This implies that the cost of borrowing
home currency directly from the home intermediary is equal to the effective cost of borrowing
foreign currency from the foreign intermediary, and then obtaining home currency through
foreign exchange. Arbitrage ensures that this condition always holds. So it is also an
arbitrage condition of the financial market.

Equations (4”)-(7") are the standard complementary slackness conditions. If the cash-
in-advance constraints are non-binding, their associated multipliers (shadow prices of the

marginal units of currency in their corresponding markets.) will be zero.

Asset Pricing
From the necessary conditions (12), (15) and (16), the asset pricing rules can be derived.

L +i(s) = pa(s) — p(a) + [24] 1+ 4°(s) = ) _ () + [ﬂ,‘}]
- Ul s ] - .
w0 PE [ e PE o]

If the terms [pa(8) —p1(8)] and [ﬁ-‘(g —p1(8)] did not exist in these pricing equations, they
will become the standard asset pricing equations.!? However, the cash-in-advance constraints
on all transactions make the prices of financial assets (interest rates) quite different from those
predicted on the basis of Fisherian fundamentals. The term [s3(s) — p,(s)] is the difference
of the values (in terms of utility) of one unit of home currency in the financial market

and in the home good market.’® If us(s) is larger than p,(s), that means that the home

12In the standard model, [e.g. Lucas (1978)), the representative agent is assumed to maximise time-additive
expected utility Eo{Y ¢=,8'U(ct)}, where Eo denotes the expectation conditional on information at time
0, B is the subjective discount factor, U is the instantaneous utility function, and c; is consumption. This
model implies that the price of an asset is the representative agent’s rational expectation of future returns
multiplied by the marginal rate of substitution between present and future consumption — the Fisherian

fquamentals of interest rate determination.
As the household has to choose n before the realisation of the current state of the world is revealed, an

optimal decision requires that the expected values, F[u;(s)] and E[u3(s)], must be equalised. Thus the term
(s2(8) — p1(s)] # O represents a forecasting error.
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goods markets is relatively more liquid than the home currency-denominated bonds market.
Then, the price of the home currency-denominated bonds will be relatively lower than that
implied by Fisherian fundamentals. There are two effects determining i(s), which are the
liquidity effect, represented by [u3(s) — p1(s)], and the expected price effect, represented by
[1 4 2(s)]p1(s').}* These two effects act in opposite directions which generate the ambiguity
of the movements of the interest rate.

Similarly, p4(8) reflects the level of liquidity in the foreign currency-denominated bond
market. For comparing with y,(s), it has to be adjusted by the exchange rate e(s) and
the ratio §. It is obvious that the prices of the home currency-denominated bonds and the
foreign currency-denominated bonds are in general different. The only case where they are
equalized is pa(8) = ’f(-‘()i} That is, the two bonds markets are equally liquid. However, there
is no mechanism to equate them, so this condition does not necessarily hold. Arbitrage
ensures the effective costs of financing in these two markets to be identical, that is, equation
(17) holds, rather than equalizes the nominal interest rates, i(s) and i*(s). The price of a
home currency-denominated bond will be higher if its market is relatively more liquid than
that of a foreign currency-denominated bond. In addition, the beginning-of-period exchange
rate will be higher than the end-of-period exchange rate, é(s) > e(s), and the home currency
will appreciate. These exchange rates will be equal only when i(s) and i*(s) are the same.
Thus, in this model, monetary injections cause not only fluctuations and differentials of the
interest rates in the two bonds markets for non-Fisherian reasons but also exchange rate

fluctuations.1®

14The increase in the money supply results in an expected one-time jump in next period’s prices. In
addition, there will be an expected inflation effect if money growth rates are positively serially correlated.

1°1t is noted that the beginning-of-period exchange rate in period ¢ + 1, &1, has incorporated the infor-
mation about 8¢, which is not available in period ¢t. Thus &, is in general different from the end-of-period
exchange rate in period ¢, e;. The exchange rate may fluctuate both within a period and across periods.

16



3 Stationary Rational Expectations Equilibrium

In the stationary rational expectations equilibrium of the world economy, the prices and
decision rules are fixed functions of the ratio of the beginning-of-period per capita money
stocks of the two countries, §, and the state of the world, s. Note that n and n* are
independent of s. They depend on § only. As mentioned above, kje = kj, =0, j=h,f, Vt,
in equilibrium. From now on, they will be omitted in the following discussion. An equilibrium
is defined as follows:

Definition: An equilibrium is a set of initial conditions {mso,m 0, M}y, m}o}, and a
collection of sequences
{26 A2, Pe, P, My e, Yoy Dy bges Zne, 252y Cres Cats bty Hey g, U, Bhes bes 2hes 250y Ches Ches Ity He }o2o
such that

(1) Given {A:, pe, mj,, m},, bhyy 220 020, {Res €16y Caty Yty Bnes Byey Zne, Z5e, by He }220 sOlve the
home representative household’s optimization problem (1’) subject to (4’)-(9’).

Given {Af,PF, Mae, Mype, bpe, 20 )20 {N, Chor Cos U Bhts BFes 2hes 2500 It Hi }2 sOlve the
analogous optimization problem of the foreign representative household subject to the con-

straints.

(2) The budget constraint of the each country’s monetary authority must be satisfied.
The monetary injections are financed by printing money. The lump sum rebates of interest

income must satisfy
Ve = Yebe, (18)
Ve =Yty (19)

(3) All markets are cleared.

Goods markets

cit + C;t = agHt N (20)
ca+ = O H . (21)
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Labor markets

le=Hh
I =H.

Financial markets

(i) open market purchases
V=79,
yt‘ =%,

(ii) money markets

Mhe +my, =1,

my + m}t =1,
(i) loans markets

e + ¢ + Yo = bpe + 20 + b, + 25,

ne + 2 + Y0 =bpe + 24 + b, + 25,
(iv) foreign exchange market

(Bhe + 2ne) = &8, (bse + z;t) )

(Bhe + ZRe)(1 +3e) = eby (bge + 2)(1 +147).

(4) Arbitrage conditions hold.

& (1+i)=e (1+1}),

Pat . ooy Pat
P (1 +14)( ‘)P’i‘z
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(22)
(23)

(24)
(25)

(26)
(27)

(28)
(29)

(30)
(31)

(17)

(32)



» _ plt(l + it)
Pie = €0 ) (33)

P = py(l+if)es:. (34)

This completes the definition of equilibrium.

As shown in equation (32), because of the cash-in-advance constraints for importers, the
terms of trade faced by the two representative households are different. So given the same
instantaneous utility function, for any value of o # 0, the consumption ratios are different,
(cie/ca) > (¢i¢/c3), V t, if any nominal interest rate is positive. Each representative

household consumes more domestic goods and less imported goods than its trading partner.

The Determination of the Exchange Rate

In this model, the exchange rate is determined simultaneously with the home price of good
1 and the foreign price of good 2. The exchange rate responds to clear the foreign exchange
market by equating the supply and demand for foreign exchange of the two countries. Assume
that nominal interest rates for bonds denominated in either currency of the two countries
are positive in all states, so that the cash-in-advance constraints for the intermediaries, firms
and importers of the two countries are always binding. By combining equations (17°), (30)

and (31) with the following binding constraints for the firm and the importer of each country,

bg = bM + bﬂétb} = ‘wtlg (35)
z »
z, = 3% + 25 = P3,Cae (36)
»* —— ;‘ »n »® I
B o= 4=l (37)
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z; =z + 2660, = prucy, (38)

the exchange rate equﬁtions can be derived,

. _ Pucly _ 1 [ (ze+y+n)1+i)—(1—n) (39)

“ = Pyica & |(zf +y +n7)(1+148)—(1—n})

1+ ig)é _ (L414:)Pyc;y,  Paca (40)
1+1i})

© T (1 +i)Phes Phch

where b,, zt., b; and z; are the ultimate demands for currency of the home firm, the home
importer, the foreign firm, and the foreign importer, respectively.
Equation (39) states that é; is determined by the relative quantities of the two currencies

used in international trade financing, (Pic,)/(Picae), where
Pucry = Mipuci, = M. [(2e +ye +ne)(1 +4e) - (1 - n,)] (41)
Puen = M{ puca = M; [(2F +y; +03)(1+47) — (1 -n7)] (42)

Define Q; = (z:+y:+n:) and Q} = (2 +y; +n;), which are the supplies of loanable funds
in the markets for home currency-denominated bonds and the foreign currency-denominated
bonds, respectively. As n; and n} are independent of the realization of the current state of
the world, s;, the exchange rate, &, depends only upon how the two terms, ,(1+14,) and
Q:(1 +17) , are affected by s,.

1 dR1+4)] _ 1 dQ, 1 di 43
Qg(l+ig) dag - Qg d&g (1 +ig) d8¢ ( )
1 d[Q;(1 +43)) _ 1 dQ 1 ﬂ (44
GA+T)  de 0 da T (147) da )
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If the home country’s monetary authority’s injections of cash, by way of changes in either

z, or ¥, are the only economic disturbances in the world economy, we have

QA1 +i)] Q, di,
=1 _— = 45
Q0 +i)  d% t T+w) (45)
Q  d@(i+ip)] _ 0 di (46)
Qi(1+147) dQ, (1414) dQ.

where ﬁ'{(%ﬁ") 5&4%:'—"‘)1 and n:—&?) ;‘L‘Zfa(‘%‘i)l are the elasticities of the changes in

Q(1 +14:) and Q7(1 +1;) with respect to the changes in {2, , respectively. The elasticities
of the changes in the gross interest rates, (1+1;) and (1+4}), with respect to the changes
in §); are denoted by (1—+'.—) %,“- and (1—+.L.-5 :n , respectively.

Similarly, if the home country’s productivity shock is the only economic disturbance in

the world economy, we have

6, de(1+1,)] 6, di, (47)
Qg(l + ig) d0, (1 + 3;) dag

o, d0i(+ip) _ 6 i )
Qi1 +13) dé, (1+14;) db,

The elasticities of the changes in Q,(1 +14,) and Q;(1 +4;) with respect to the changes in
8, are denoted by gty dltill and i AMUCHIN | regpectively. The elasticities of
the changes in the gross interest rates, (1 +1;) and (1+14;), with respect to the changes in 4,

di

are denoted by (—l-ji_%) & and —‘75 ; , respectively. The analogous elasticity equations

1+
for the changes in Q} and 6; can be derived in the similar way.

Equations (43)-(48) show that the quantity of each currency used in international trade
financing depends upon the liquidity in the market for bonds denominated in that currency,
which is reflected by the interest rate on those bonds. Hence, é, depends on the relative

liquidity of the two markets for bonds denominated in the home currency and the foreign
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currency, respectively. How Pi,c;, and Pjc;y are affected by the economic disturbances is
determined by the elasticities of the changes in (1 +14,) and (1 +4}) with respect to the
changes in the realizations of those exogenous random variables. The following discussion

will show that

1. A monetary injection by way of an open market purchase, §;, has only a “pure liquidity
effect” such that -%‘n‘ <0, Vo.

2. A monetary injection in the form of a lump-sum transfer, z;, has a liquidity effect and
an expected price effect. These two effects operate in opposite directions. However, it

can be shown that the liquidity effect dominates and $i <0, V o.

3. The elasticity of the changes in (1+4,) with respect to the changes in the home country’s
productivity shock, 6,, is determined by the elasticity of the changes in p,, with respect
to. the changes in 6,. h—f"_“.‘—) :—;: =1+ fl‘; %“‘ and sign [1 + ;’:“-‘-’5“‘ = sign (1 - o),

where o is the constant elasticity of substitution between the consumption of the two

goods.

4. How the economic disturbances of the home economy affect i* depends critically upon

. ;s . dit . dit .
the value of o. sign -:—;"- = sign X = sign d—;t =sign (0 —1).
The illustration of these results is in Section 4.

As mentioned béfore, the beginning-of-period exchange rate, after the current state of
the world is known, &, is in general different from the end-of-period exchange rate, e;. The
only case where they are equal is if the two nominal interest rates are identical. Thus, the
exchange rate may fluctuate both within a period and across periods. However, once e, i
and i} are determined, €, will be pinned down by equation (17°). So the following discussion
of the exchange rate will focus on the end-of-period exchange rate, e;.

As shown in equation (40), the exchange rate (end-of-period), e;, depends upon the

relative size of the flows of the two countries’ currencies to the foreign exchange market
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at the end of the period. This is determined by two factors. The first is the interest rate
ratio (1+1.)/(1+4;). The second is the relative quantities of the two countries’ currencies
used in international trade financing, (Pj.c},)/(Pacat). Both of these two factors reflect the
relative liquidity of the home currency-denominated bond market and the foreign currency-
denominated bond market. If the market for home currency-denominated bonds is relatively
more liquid, (1 +14¢)/(1 +34;) is less than one, and the quantity of home currency used in
international trade financing, Pj.c},, is smaller than the quantity of foreign currency used in
international trade financing, Pj,cz, then the home currency will appreciate.

The special feature of this model is the dependence of the exchange rates on the rel-
ative liquidity of the home currency-denominated bond market and the foreign currency-
denominated bond market. This special feature is absent in other models, for example,
Stockman(1980), Lucas (1982), and Svensson (1985). They simply have the purchasing-

power-parity law of exchange rate determination which does not capture the liquidity effects.

Solving for an Equilibrium

Assume that there exists an equilibrium in which all of the cash-in-advance constraints for
both countries are always binding, which implies p;(s) > 0 and pj(s) >0, Vj=1,2,3,4.
In this equilibrium, mx(s) = m}(s) = 1, my(s) = mj(s) =0, V 3, n and n* are fixed numbers
which are between zero and one. The representative home country household’s necessary
conditions (11)-(14) and the analogous necessary conditions of the foreign representative

household imply

[”—"(")- (49)

1
1+ 2(s)] B’

1+4%(s)] 1
g [1 +2°(s)] ~ B (50)
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_ (1 —n)pi(e)”° :
cj(pl(a)’pz(a)) - I'Pl(s)l—a _'_pz(a)l—ol 4 J 1’2’ (51)

GEOAE) = o, i=12, (52
w(s) = ?119‘;()) = Slt+2(@)1 - ), (53)
wie) = BT~ Ll - ), (54)
0= ri - s
7'() = 1+:'(s) = ;zo(gg(:)n) (56)

Expressions (53)-(56) show that open market purchases, y and y*, do not change the wage
rates and they affect the bond prices only through their effects on p, and p3. As pointed out
in Lucas (1990), this kind of open market purchase only has a “pure liquidity effect” and
the inflationary effect has been isolated.

Substitute the expressions (51)-(56), equations (20)-(23), (30) and (33)-(38) into equa-
tions (28), (29) andv(40), we have a simultaneous equation system of three equations, (57)-

- (59), in three unknowns, py, p} and e.

0*p*v* . piles0* P v* _ | 8Bv e 7120Bv
[1_*_3‘] e s?zzcz(Pl: 2 1 + z* )_ [1 +3] 2 ((1 +z) 6’ 2)’ (57)
1 66" 0Bv
ntzty= 0;: [ 1(p n%“i—) +e 1((1—+%—5,Pz)] +n 1(m,l’z) ,(58)
1 * =2 56*8* *3056* 3" *
n."'c‘-m‘ = 0.;::: [C:( 1y pz;_*.*zﬂ‘v-) ((1 + ) 6-’?3)]"1’;02(?1: %) 7(59)
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The equilibrium prices, p; and p;, and the exchange rate, e, can then be expressed as
functions of s, n and n* only. Given the distribution function G(s), the equilibrium values of
n and n* can be solved by substituting the expressions (55) and (56), and the three functions,
71(s,n,n*), p3(s,n,n*) and e(s, n,n*), into equations (49) and (50).

There is a continuum of equilibria which have the common set of eqﬁﬂ.ibrium values of

{n, p(s), 7(s), y(), c1(3), ca(s), U(8), b(3), 2(s),

n,5(8),7°(8),5°(s), 3(8), 63(6), 1°(8), b"(a), 2°(a)}-
Each of these equilibria is characterized by a distinct vector of equilibrium values,

[Ea(s), bs(s), 2(8), z¢(s), b3 (#), By (), 28(8), 55(5) ]
which satisfies equations (28)-(31) and (35)-(38). In spite of having eight equations in these
eight unknowns, there are only seven independent equations. Consequently, the equilibrium
values of these eight decision variables are indeterminate. This indeterminacy arises because
what really matters are the ultimate allocations of currency across the borrowers: b, z, b*
and 2%, but not the ways to finance them. In equilibrium, the effective costs of financing by
issuing bonds denominated in either currency are equalized.

All of these equilibria are actually equivalent as they have identical real allocation and
pricing rules. For simplifying the discussion of the effects and the transmission mechanism
for economic fluctuations in the following section, the particular equilibrium in which b, = b,
zp =z, by = b*, 23 = 2* and by = z, = b} = 2z} = 0 will be chosen to illustrate the results
of the comparative statics exercises. In this particular equilibrium, there is no need for the
foreign exchange market to be opened at the beginning of the period, after the current state

of the world is revealed, because there are no market participants.
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4 Comparative Static Analysis

Some comparative statics exercises will now be performed to analyze the impacts of the
monetary shocks and real disturbances on the world equilibrium.!® Given the distribution
function G, n and n* are independent of the realization of 5. By totally differentiating
the simultaneous equation system, equations (57)-(59), we can derive the effects of these
disturbances on the equilibrium values of the exchange rate, e, the price of good 1 in units
of home currency, p;, and the price of good 2 in units of foreign currency, p;. The effects on
other macroeconomic aggregates can then be calculated. The details of these comparative
statics exercises are presented in Appendix 2. Tables 1-3 summarize the results of these
exercises, which show that the effects depend critically on the value of the constant elasticity
of substitution in consumption, o, between the two goods.}” The directions of the responses
of e, p1, and p; are unambiguous except in the case of monetary injections through lump-
sum transfers. In that case, the changes in e and p, are ambiguous. The reasons for the

ambiguity will be illustrated below.

Open Market Purchases

Consider a larger realization of the monetary injection by way of an open market purchase,
Y. As this monetary injection is through the home financial intermediaries, the first impact
of this monetary shock is a decrease in the interest rate on the home currency-denominated
bonds, i. Because this monetary injection is temporary, it does not affect the wage rate
of the home country workers. Given the fixed wage rate and the decrease in the cost of
financing, firms are able to reduce the home price of good 1. If other variables remain
unchanged, the initial decrease in p; will raise the relative prices of good 2, p, /p1 and p3/p}.
Therefore, for 0 > 1, 0 = 1 and 0 < ¢ < 1, the expenditure share of good 2 in each

8Though all of the economic disturbances are determined by the realisation of the current state of the
world, these comparative statics exercises are performed by allowing only one of these exogenous variables
to vary while assuming the rest being constant.

7The utility function is Cobb-Douglas if ¢ = 1. The two goods are gross substitutes if o > 1. They are
gross complements if 0 < o < 1.
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shopper’s budget becomes smaller, constant and larger, respectively. This, in turn, changes
the demand for currency of the importers in the loans market, and also changes their demand
for currency in the foreign exchange market at the end of the period. Equation (40) states
that e is determined by the ratio of the expenditure shares of the imported goods in the two
shoppers’ budget constraints, (Pzc;)/(Pyci). Thus e is expected to fall, be unaffected and
rise in the cases of ¢ > 1, ¢ =1 and 0 < & < 1, respectively. The expected movement of the
exchange rate induces further adjustment in the world economy. The home importer raises
(reduces) his ultimate demand for foreign currency, z, if he expects e to fall (rise). With a
fixed supply of foreign currency in the financial market, the interest rate +* will adjust to clear
the market. Liquidity in the foreign currency-denominated bond market is reallocated from
the foreign firm (home importer) to the home importer (foreign firm). Hence, in addition to
the impacts on the home economy, the effects of this monetary shock are transmitted to the
foreign economy. The interest rate i* and the foreign price of good 2, p3, rise (fall), while
the foreign employment level, I*, and foreign output, Q*, fall (rise). Only in the case of
o = 1, the foreign economy is insulated from the shocks of the home country.

The correlations of output fluctuations across countries depend highly on the substi-
tutability of the two consumption goods in the consumers’ preferences. The lower the substi-
tutability of the two goods is, the higher the (positive) correlations of output across countries
will be. However, the cross-country consumption correlations are determined by how close
the comovements of the goods prices in the two economies are. Equations (33) and (34) state
that the difference between the price of a good in the importing country and the price of the
same good in the exporting country is determined by the cost of financing and the exchange
rate. An economic disturbance will affect liquidity in the financial markets, reflected in the
fluctuations in the nominal interest rates and the exchange rate. Because of the presence of
the cash-in-advance constraints, both the relative prices and the nominal prices of the two

goods faced by the two representative shoppers are affected by the economic disturbances
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differently. Hence, the consumption of the two households will adjust differently, and result

in low correlations in consumption across countries.

As shown in Table 1, the effects on the two representative households’ consumption of
good 2, c; and c3, depend on the value of 0. If & > 1, c, rises while ¢; falls. If o = 1, ¢; and ¢}
are not affected by this monetary injection. If 0 < ¢ < 1, ¢, falls while ¢} rises. In addition,
for any value of o, the consumption of good 1 by the foreign representative household, ¢},
increases. However, the changes in the home representative household’s consumption of good
1, ¢, are ambiguous. Because of the ambiguity of the changes in c;, the effects on the home
country’s employment level, [, and output, @, are also ambiguous. There are three effects on
c1. They are a substitution effect caused by changes in ps/p; and two income effects induced

by changes in p, and p,, respectively. If ¢, increases, ! will also increase.!®

If o > 1, the effect of e dominates the effect of pj on p,, so that p, falls, which results
in an ambiguous effect on p;/p1. If p;/p, increases, the substitution effect caused by the
increase in p;/p, and the income effects respectively caused by the decreases in p1 and p;
will act in the same direction and raise ¢,. This, in turn, implies an increase in the output
(employment) of the home country. If p,/p; decreases, the substitution effect will reduce .
However, it is expected that the substitution effect will be dominated by the income effects,
so ¢; and the home country’s output are expected to rise. Thus if the two consumption
goods are gross substitutes (o > 1), the national output movements of the two countries
are negatively correlated. The home country’s output (employment) rises, while the foreign
country’s output (employment) falls. The movements of the nominal interest rates are also
negatively correlated. The interest rate on the home currency-denominated bonds falls,
while the interest rate on the foreign currency-denominated bonds rises. The exchange rate

decreases, and the home currency appreciates.

If o = 1, p, is not affected by the monetary injection of the home economy. There are a

1°A sufficient (but not necessary) condition for (de1/dy) > 0 is [0 + 7}5(1 — 73;)] > 0
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substitution effect induced by the increase in p,/p, and an income effect induced by the fall
in p1. These imply an increase in ¢;. The home country’s output, Q, and the employment

level, [, rise.

If 0 < o < 1, the two goods are complements. The substitution effect induced by the
increase in p3/p;, raises c;. However, the income effects are ambiguous because p; decreases
while p, increases. If the substitution effect dominates, ¢; and the home country’s output will
increases. Thus, in this case, the correlations of the interest rates and the national output
(employment) movements are both positive. Both countries increase their real output and

the interest rates, 1 and i*, both fall. The home currency depreciates.

When the value of o is sufficiently small, the substitution effect is weak. Since the
expenditure share of ¢; in the home representative shopper’s budget is large, the income effect
of p2 on ¢; may dominate, ¢, will fall, and the effect on Q will be ambiguous. However, @ can
increase if the increase in ¢} is larger than the decrease in ¢,. For the extreme case in which
o = 0, the movements of the two countries’ output are perfectly positively correlated, while
the correlations of consumption are negatively correlated across countries. Both countries
increase their output. The consumption of each good by the home representative household
falls, but consumption of each good by the foreign representative household rises. Though
this is an extreme case, it indicates that, when the complementarity of the two consumption
goods is high and the goods prices move quite differently in the two economies, this model
is able to generate output fluctuations across countries which are more highly positively

correlated across countries than consumption fluctuations.

The effects of a larger realization of the monetary injection by way of an open market

purchase can be summarized as follows. It can be shown that

dpy . di d(p3/p}) " dg
dy<0’ dy<0’ dy >0, dy>0’ V o,
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. de , dp; . dl . deg . . )
—_— = — = —_—= —= = gign cov(s,1") = sign(l — o
signo. = sign - =signo = signo = sig (i,3%) = sign(1 - o),

si d = si d—=signéc—’-=sign(o'—1),
Sy Ty dy

doa/m) 5o, g, v .,

dy ' dy
>0 if o=1 >0 if o=1
dl .
da <0 if 0=0 T >0 if o=0
dy | = ? otherwise , V1 =1 otherwise ,
.. de
if 7;>0 for o0>1 and 0<o<1,

then j—; >0, Vo and signcov(l,l*) =sign(1-0).

Lump Sum Transfers

The effects of a larger monetary injection to the representative home intermediary in the
form of a lump-sum transfer, X, are not as clear as in the case of open market purchases. The
comparative statics exercise shows that the direction of the movement of p; and i* are the
same as with a larger volume of open market purchases. The movement of p; is ambiguous
due to the two opposing forces, namely, an increase in the wage rate and a decrease in the
opportunity cost of using cash to finance production in the home country. This permanent
increase in the per capita stock of the home currency will increase the wage rate because
workers request a higher wage rate for maintaining their purchasing power in next period.
However, the monetary injection increases liquidity in the home currency-denominated bond
market and lowers the market interest rate, 5. This implies that the expected price effect
is dominated by the liquidity effect, % <0, V o. The change in the effective wage rate
w(1 + 1) is ambiguous and so is the change in p;. Only in the case of o = 1, can it be shown

that p; decreases.
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For the exchange rate, the movement is unambiguous in the cases of 0 < o < 1 (e will
rise) and of o = 1 (e will be unaffected). However, in the case of ¢ > 1, e will decrease (as
that of open market purchases) only if =}, is sufficiently small. This can be explained in
the following way. Since the change in p; is ambiguous, the decrease in ¢ may only reduce
p} marginally. The demand for good 1 by the foreign shoppers will increase. We have to
restrict 73, to be sufficiently small such that the demand for good 1 and the ultimate demand
for home currency, 2*, will not increase too much. Otherwise, the interest rate will increase
to offset part of the original reduction and thus put a upward pressure on p,. Thus if 77,
is sufficiently small, a monetary injection through a lump-sum transfer can have similar
effects on the national output and interest rate movements as with monetary injections in
the form of open market purchases. Basically, the transmission mechanism of the effects of
home country’s lump-sum transfers of newly issued currency on the foreign economy is the
same as that of open market purchases. Loosely speaking, a monetary injection in the form
of a lump-sum transfer to intermediaries is more inflationary and less expansionary than a
monetary injection in the form of open market purchases. This is because the wage rate of

the home workers increases in the former case while it remains constant in the latter case.

Productivity Shocks

As the home country has a larger realization of the productivity parameter 8, its workers
become more productive, so that home firms are able to reduce the home price of good 1.
Both countries’ relative prices of good 2, in units of good 1, rise. Therefore, this positive
productivity shock in the home country will affect the world economy through the same

mechanism as that of the open market purchases case [ see Table 2 ].

Unlike the impacts of monetary shocks, the output of the home economy increases un-
ambiguously in this case. Moreover, the effects on the employment level ! and the interest

rate ¢ are quite different from those of monetary shocks. The rise in productivity allows
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home firms to reduce I, which tends to reduce ¢, while the decrease in p, induces a larger
demand for good 1, which increases ! and has an upward force on 3. Consequently, the
effects on ! are ambiguous, and the changes in i are determined by the elaticity of the

changes in p, with respect to the changes in 8, %‘: . ﬁf-?) ﬁt = 144 and

~ P Pt dat

sign [1 + & o #u] = sign (1 — o) . In the case of o > 1, the elasticity is larger than one.
The effect of the decrease in p; dominates the effect of the increase in 6 on i. As a result,
decreases. In the case of o = 1, the elasticity is equal to one. The two forces of § and p, on
i are entirely offset by each other, so that i is unaffected by the productivity shock. In the
case of 0 < o < 1, the elasticity is smaller than one. Thus the effect of § dominates, and i
increases.

It can be shown that a productivity shock in the home economy has the following effects,

dp d(pa/p1) d(p3/pi) de;
<0, 25 >0, >0, >0, Vo,

dé

-

de . d . di l dey .
sxgnda slgnd—p; = sign_; = slgndo = si gn-z%’- =sign(l — o),

* d't

sign d’;’ = sign?%- = sign% = sign(e — 1),

. - =0 if e=1
sign cov(3, ") <0

otherwise ,
‘;1’01 0, -V o<1,
%>0 Vo221,
%{:8 fo20
=7? otherwise ,

.. dc
if ﬁ}>0 for 0<o<1, then signcov(Q,Q")=sign(l-0),

where @ =c;+¢f and Q*=c,+c}.
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5 Conclusion

In summary, both monetary shocks and real disturbances can generate fluctuations in ex-
change rates and interest rates, and result in comovements of economic variables of the two
economies. An exchange rate equation, which incorporates liquidity effects, is derived in
this model. Liquidity effects also act as the transmission mechanism for economic fluctua-
tions. The correlations among the two economies’ macroeconomic aggregates depend on the

substitutability of the two consumption goods in consumers’ preferences.

Svensson and van Wijnbergen (1989) analyze the international transmission of monetary
policy shocks in an open economy disequilibrium model with sticky goods prices and excess
capacity. Though they also have similar findings, which show that the effect of a home
country’s monetary expansion on foreign output depends on whether the two goods are
complements or substitutes, the transmission mechanism of the effect is quite different from
that in this model.?® In their model, output is demand determined. The home country’s
monetary expansion has real effects on the world economy as it depreciates the home currency
and implies an expected inflation, which affects the demands for goods of the economic
agents. In this model, the only rigidity is in the deposit decision, while all prices are flexible.
This paper stresses the role of international financial markets in allocating liquidity across
market participants in the two countries. Monetary injections induce a redistribution of
liquidity in the financial markets. For different values of the constant elasticity of substitution
between the two goods in consumers’ preferences, the allocation of liquidity will be affected
differently. Hence, real activity in the world economy will be affected differently, and different

patterns of fluctuations in exchange rates, interest rates and goods prices will be generated.

With the imposed financial structure here, this model is able to generate higher output

correlations and lower consumption correlations across countries, which may be an explana-

19Given the intertemporal elasticity of substitution in consumption is unity, our classifications of com-
plements and substitutes are equivalent to the “Edgeworth-Pareto” complements and substitutes used in
Svensson and van Wijnbergen (1989).
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tion (with monetary features) for the discrepancies between data and the predictions given

by the usual open economy real business cycle models.

This paper develops a theoretical analysis of the role of liquidity effects in an open econ-
omy. To evaluate the model quantitatively would require introducing physical investment
and international debt carried over periods. However, that would be a topic for future

research.
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Figure 1 : Timing of Information and Transactions of the Home Representative Household

Period ¢
o Beginning-of-period cash holdings, My and My, .
e Deposits N; units of home currency.

e The household separates.

*x Shopper M, — N,
* Importer My,

* Financial Intermediary N,

* Firm

* Worker

o Current state of the world, s,, is revealed to everybody.
Monetary injections occur. Financial intermediary’s cash holdings, N, + X, + Y;.

e Markets are opened.
* Loans markets
* Foreign exchange market
* Labor markets

* Goods markets
e Markets are closed.
o Foreign exchange market is reopened.
o Loan repayments are made.

o The household is reunited, all remaining cash is pooled,

and goods purchased by shopper are consumed.
¢ Lump-sum rebates of interest payments from the home government, TI,.
e End-of-period cash holdings, Mj,:; and My, .

Period t+1

*
L d
e
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Table 1. The Effects of an Open Market Purchase

’.
AB) M) dpey) dpjer) @ g 4
dy dy dy dy dy

de dp dpi dpm dpl di di°

dy dy dy dy dy dy dy dy
o>l - - + - 7 - + 7 + ? + ? ?
c=10 - 0 0 - - 0 + + + 0 + +
=0+ - - + - - - + + + - + -

Table 2. The Effects of a Productivity Shock
d dn d de b g ar KB XR) doet) dioze) g4 g
dd dd dd d8 dd di d§ d8 b 7] %6 46 b
c>1 - - + - 7 - 4+ 4+ 4+ ? + ? +
=10 - 0 0 - 0 0 + + 0 0 0 +
0<oe<l 4+ - — 4+ - 4+ - + + ? - 7 9
o=0+ - - + - + - + + ? - 7 -

Table 3. The Effects of a Lump-sum Transfer

de dp dB di di*

dao do da do do

c>1 7 7 4+ - 4+
o= 0o - 0 - 0
0<oe<l + ? - - -~
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Appendix 1:
The Optimization Problem of the Foreign Representation Household

The foreign representative household faces the following dynamic optimization problem.

Given the distribution function G and the collection of sequences
{A:) Pi, My, My, M, be Bﬂ’ Zﬂ}to:-m

the household chooses the collection of sequences

{N¢, ¢ie &30 Yo'y Biey Ziys By 230, I, HYy Ky, K7 }20

to maximize the expected lifetime utility

E, [2ﬂ~‘U(c;,,c;,,z:) 0<p <1
U(ci 30 k) = In [ + 6% +[L - ] as<1
subject to
Mj — N} > Pjci,+ Puc,
Ny +X;+Y" > Bj,+Z;+Bp+2s
Biot 3~ K (o) 2 Wil;
it Bt B - K (p) 2 Puch
F(HY) = 6 H;
M, = M +X; —Ylig, + PpF (H;) — Pycs, — WoHy + Wi + =2 B"‘ -z,
+ (Bt + Z4e) iz — Bt Z;::)(l i) + K}, (1 e ‘) +T;

MI:t+1 = My, +2;,+2 tét + Ky, ( ) Pycy,
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Define the value function corresponding to the foreign household’s rescaled optimization

problem J*(m,§, 3) by

J*(m,8,5) = {U(c, 6, 1) + 87T (m', 8, 5)}dG(s)

0<n‘<m ./cl.c,,y b,‘,:,..b,.z‘ i°H* ky k‘

subject to

v

pici + p3ca
; + 2} + b + zy
w H*

*
m,—

v

n¢+z#+yt
)
)

b*
&6 —kj (1+z"
mp + 2z + 2368 — Ky, (

v

v

l+‘l P16

1 » » ® S * *® »n - * = J b
m} = 1+z*[m,+z —y'ig+ p3F(H™) — p3c; —w*H* + w*l +7— t
. (B +z)(1+1) i*
b -_(h h »
+ (b +27) ) sk () +
my = [mh+zh+z]es+kh( ) - nd)
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Appendix 2 : Results of the Comparative Static Analysis

By totally differentiating equations (57)-(59), we have

" de T
d
211 @12 433 G14 G35 Q16 dzl 0
Q31 G2 QA23 Q24 Qa5 Qa6 d; =0 )
@31 @32 a3z G3q G3s Qe dy 0
| d8 |
where
az; = %[%(-Cx‘"'u + &ny,) + 2wy Gz = —1_,_%{14’3— [$ler + (7, + 1)) + 2*m3y ]}
as = —-1[%',:(627722 + C;?l’;l) + z‘ll'zz] a3y = ""ﬁ; ':_:C;T;I]
a3 = %[‘n‘n +2(7y, — 1)) a5 =0
G2 = _'pl-;[%(cl"l’n +2¢jmy) + 27 (27f; — 1)) azs = -1
asa = ;lf[":—:(cz"fn +2¢37m3,) + 272 ass =0
a3 = -;1;’[2(‘"’22 - 1)+ 73,] a1 = %[";1 ~1]
azs = Z(§(2ema + cmy) + 2"75,) az = —3l5ler + ei(wh +1)] + 2'}y]
ass = — %[5 (2¢amaz + c573,) + (22 — ase = §[§-cimh
w5 (5 (2eamns + c573,) + 2(2722 — 1)) sleciml
W;{E—%E}, Wijs%gé’ 4,J=12, i#j].
Define
1 1 B :u le :13
<~ 3 =|an a2 az
(epp3) A Az @32 Qa3
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This derivation is for a general case. Now, we consider the CES utility function with the

 form
1 1
U(cl,c3)=ln[c1°‘+cz°]°, O’ElTa', QS].,
(1-a)p'™
T = |0+ —5—=——| >0,
[ pll-—c_l_pzl—c
(1 —o)p;*~° : . ,
= — | A—L sign(~7;;) = sign(o — 1
WJ Pll—c +p21-¢ ’ 8 ( J) g ( ))
c>1 = l<m; <o, 0(%’,’5(0’—1,
c=1 = i =1, m; =0,
0<eo<l1 = o<y <1, c—1<m;<0,
Cmitwyy=0+1, T =1+m;,
i+ T =0—1, Tis + Tjs =0,

Ta+7y —1 =7 +7,= Ta+m,;>0.
By using these properties, it can be shown that

1 *
2 = ~{galGe +)m+ Sl + ma)l(1 + )

w
6

* L3 w » * w o
+ (5 + z)[(?cl + 2%) (w23 + 73;) + 3‘1"'11(1 + 7a)]},

A < 0, Ve € [0,00).
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Open Market Purchases (y)

de . . .. .
L% = Ay[galern + mim + O]+ (6 + o) + 200)
yim _ _y di
L = o g = Av[gematen + 0+ Grd + e + o)
ydp, _ _y 4" _
ppdy  (1+i) dy Ayﬁ* ealma + 1)y
ydpr _ ydp3 Yy 47" yde
pa dy psdy  (1+4") dy " edy
= Ay FC:‘A'QI(TH'*'I)“‘( Cz+2)(27l'13+ﬂ'21)]
yapi _ ydm vy di yde
pi dy ndy (1+34)dy edy
= Ay[ c2(3 - xn)+ c3+z (%22 +1)
d(a) ydpa ydp _
= —— A[c1r+1+ c+z21r]
( 1) Tdy p2dy nm dy Y1 a(m11 + 1) + (5e3 + 2)( 11)
d(!i) dp® dp*
A/ ydp; ydp; [
= S-S5 =—Ay|2 2+ c+z]1r +1
()dv Pidy  pidy y 2t itz (ratl)
3 dpma) _ o [ydes_ ydpx]
na dy p2dy pody
y dpsca) _ [ ydps ydp
—_ - i -
pacz dy ppdy pdy
_y_dlpid) _ . [liri_lﬁ]
pic; dy 2 lpsdy pidy
v drg) _ . [1:‘15_1%]
pic; dy n lpsdy pidy
y dpmei) _ _y dlpicl) _y di  yde
pici  dy i dy  (L+4d)dy  edy
=~y [Fealrn +1)+ (e + 2)(1 + wiyma)
y dipiea) _ y dpaca) _y dit yde
pica  dy paca dy (1+4) dy edy "
= —Ay[%cz-f--o:cz-i-z (%22 + 1) x1,
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dl!
dy
ydea
c3 dy

y de
c; dy

o dy

Y def
c} dy

& &

Productivity Shocks ()

0 de
edd

9 dp
p df

_1 d(pie)

w* dy

y d(pcs) y dpa _ [ .
< el —_ 1

o dy i —Ay|=-c3 + z| (72 + )2},

_y d(pig) ydp
P33 dy 1 dy

£ 3 w‘ . .
Ay [%32(2*;1 +%1,) + (Fcz + z)"'n] (x23 +1)
Y dpme)  ydm
P dy n dy
-Ay [9. ca(xyy +1)(71 + 7"21) + ( c, + 2)(722 + %§5 + 712(2 - ‘"’n))]

~ay[Greateis + 0o+ (Gres + 2)o + wisft - m3,)|

_y_dici) _ v dpi
pic dy pi dy

— Ay [Freatoty +1) + (Gres + 2w (e + 1)

L,
0ldy dy

A { cg[(—cl + 2")(7a(xa2 + 1) + 273) + 4—¢1(ﬂ'z1 + %33 + *axy,)]

+ ('o—...cz + z)[(7c1 + ") (7 + 7)) + '0“31(""13(7"22 +1) + 27a1)]}

A { cz[—cl + oY —cj + 2']xaa(7]; + 1)

0

+ (?:'c; + z)[(?cl + 2*)(722 + 735) + ",Tc;("'ﬁ(fzz +1) + %))}

0 dit *
m T‘% =—A %63 [%C] + %c{(ﬂ’zz + 1) + Z'] ‘l';z
0 d * * .
1+ —% =A %c}' [":—.'Cz(ﬂ’u +1)+ %c, + z] 21
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_b_dpme)
_8_d(pscy)
0 d(p d(p3c3)

_0 d(picy)

Odp; 0 di" 0de
75 o +(1+s')d0+ed0

A{ c;[ c1+2

] ] + 2%|xa(xy; +1)

+ ( Cz + z)[( e1+ 27)(7a + 73;) + 61(1'1:(1’23 +1) + 27xa1)]}

9dp1+ 6 di 6de
P df " (1+i)df edd

A{Gral 2ge+ )+ Feilrm + 1) - )]

" w w ., .
+ (%cz + z)[?cl + 361(1'33 + 1) + z ]}

w* . w* . w v, -
-A [Fcz(wu +1)+ 7t z] [?cl + 2-5-c1 +z ]

0d_ 0dp;
p;dd pi dd

—A{ cz[ &1 +256 + 27](7y +1)

4
+ ('aTcz + z)[gcl + 301(1’22 + 1)+ 2*]}

., |2dP2 _ 0dp

12 P2 dd  pi df

_ry [L9R2 _’;dﬂ]
N |2 dd  p db

6 do _ 0 o}

* — e————

s

" lp3dd pidd

[R5 0
2 |ps do  p; do

0 dipies) 0 di  9de
p{c{ do (1+414) do " edd

A { cz[(—61 + 2°)(m1a(722 — 711) + 2721)
+ '9‘01(2“"13(“"22 - m) + 77y +1)))

( c,+z)( a+ 0°1+2' ")ra1}
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0 d(pes) _ 0 d(chz) __ 6 dr 6de
Piea o # (1++)dd cdo
= -4 [-—c3+—c,+z] [0c1+—c1(133+1)+Z]7l'13
ar _ 1 dpies)
dy w* dbf
da _ _1dpg)
d w db
Qs _ 0 dpacs) 0
c2d0  pic; df pa do
w* - w w - *
= —-4A [?c, + z] [?cl + ?01(722 + 1) + 2z ] T2
0d _ 0 dine) _yd
c3 do p3c; db p; do
= A { c3[(—c1 +2°)(7ga (%11 + 1) + 715) + °1(2"'21 + (722 + 1)x7,)]
+ (7,:0: + z)[;Cl + j‘?'c;(‘kzz +1) + 2"]x3}
bder _ 8 dmer) 6dm
c1dd T pey df p df
= A{ cz[0c1+2ocl+z](1ru+1)¢r
+( c3+z)[( 7 °1+z')" + cl((ﬂ’zz+1)("'1z+"'zz)+(1 —712)%21))}
Odei _ 6 dlpic}) _ y dpi
¢ do picy dd p; df

-4 {%’Ecz[(%cl + 27" + 1) + el + 1)(n]; + 1)

(0. ¢y + z)[ ca+ cl(x,, +1) + 2"]x3;}



Lump Sum Transfers (z)

1+z = (2+i)[%cl+%c;] +(1+d)z" -y

% = A{r3[2(1+2)- -—c1(1 %13) — 2!—::1 -z ][2 e+ 7 i + 4
+ a1 +2) = o =256 - e

w
+ 1l'31[1 +z-—=—0 Cz + z]}

w ¢ 3 *® = __¥%
71~ 'o‘cl(’"u +1)-2 “"11][2 ¢2 +2

al
1 d; *
(1+2z)dp, = A {-u-’—cg[l +z-— %cl - 2%4‘ — Z"|xaa(x]; + 1)
w x x » w * *
+ ( c, +2)(1+2- 3"1 23"1 — 2")(%22 + #7;3) - 7‘:1"'21"'12]}

(1+ z)dp3 (1+z)di”

s d= (1 +.'=-) dz
= -4 —cz [(1 +z- —cl)(l +%23) - —c1(1 1) -2 ’r”] gt
(+=2)di _ (1+2)d;m _,
(1+d)dz =~ p de

= A { cz[(l + 2)ma3 — t—:-cl‘;rn](l +751)

+ (‘0':02 + 2)[(1 + z)(7a1 + x14) — 73:"’31]}
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