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ABSTRACT

This thesis consists of three essays in international finance and macroeconomics

to study the link between money and economic activity.

The first essay, entitled “Liquidity, Exchange Rates, and Business Cycles,” presents
a two-country, two-good, two-currency model to study the role of liquidity effects in
exchange rate determination and the internaticnal transmission of economic fluctu-
ations. The monetary authority’s injections of cash are funneled into the economy
through finan-ial markets. The asymmetry of economic agents’ access to the newly
injected cash induces liquidity effects. The model provides an exchange rate equa-
tion which is different 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 depends critically upon the substitutability of the two consumption

goods in consumers’ preferences.

The second essay, “Capital Controls, Foreign Exchange Controls, and Liquidity,”
continues the study of liquidity effects. By using a similar model to that constructed
in the first essay, this essay analyses the liquidity effects generated by restrictions on
international financial markets. Taxes on international financial transactions induce
redistribution of liquidity in international financial markets which results in comove-
ments of macroeconomic aggregates in the two economies, fluctuations in exchange

rates and interest rates, and changes in welfare of economic agents of each country.

The third essay, “Imperfect Iuformation, Money, and Economic Growth,” presents
an endogenous growth model with financial inarket imperfections to study the effects

of money on economic growth, and to examiune the role of informational imperfections

iii




in the determination of the equilibrium growth path. It is found that the economy
will grow slower if there is imperfect information. Changes in money growth have
qualitatively similar effects on the economies with and without private information.
However, the economy with private information will be less responsive to monetary
shocks. The results contradict the popular view that informational imperfections

in credit markets or borrowing constraints tend to amplify the impacts of policy

interventions.
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OVERVIEW

This thesis consists of three essays in international finance and macroeconomics

to study the link between mouney and economic activity.

The first essay, entitled “Liquidity, Exchange Rates, and Business Cycles,” presents
a two-country, two-good, two-currency model to study the role of liquidity effects in
an open economy. The 1uonetary authority’s injections of <ash are funneled iuto the
economy through financial markets. There is an asymmetry of monetary injections.
An unanticipated monetary injection will redistribute purchasing power in favor of
those economic agents who have access to the newly injected cash. This redistribu-
tion of liquidity will affect asset prices and real activity in the economy. This essay
investigates how liquidity effects affect the determination of the exchange rate and
'~ the international transmission of economic fluctuations. The model provides an ex-
change rate equation which is different 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 out-
put of the two economies. Whether the covariances of variables in the two countries
are positive, negative, or zero depends critically upon the substitutability of the two

consumption goods in consumers’ preferences.

The second essay, “Capital Controls, Foreign Exchange Controls, and Liquidity,”
continues the study of liquidity effects. By using a similar model to that constructed
in the first essay, this essay analyses the liquidity effects generated by restrictions on
international financial markets. Taxes on international financial transactions induce
redistribution of liquidity in international financial markets which results in comove-
ments of macroeconomic aggregates in the two economies, fluctuations in exchange
rates and interest rates, and changes in welfare of economic agents of each country.
As the cash-in-advance constraints generate distortions in the world economy, there

1




will be a welfare improvement if these restrictions relax the liquidity constraints.

The third essay, “Imperfect Information, Money, and Economic Growth,” presents
an endogenous growth model with financial market imperfections to study the effects
of money on economic growth, and to examine the role of informational imperfections
in the determination of the equilibrium growth path. This essay introduces money
to the model as one of the portfolio choices of economic agents. Private information
is modeled explicitly in an endogenous growth environment. It is found that the
economy will grow slower if there is imperfect information. Changes in money growth
have qualitatively similar effects on the economy in the full information case and in
the imperfect information case. However, the economy with imperfect information
will be less responsive to monetary shocks. The results contradict the popular view
that informational imperfections in credit markets or borrowing constraints tend to
amplify the impacts of policy interventions.




Chapter 1

Liquidity, Exchange Rates, and
Business Cycles

1.1 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 momnetary policy works. using innovations to the inter-
est 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 iunterpreted 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 in-
crease in money supply drives the nominal interest rate up and leads to reductions in
employment and 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 husiness cycle models.




Money has been introduce 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
modified versions of cash-in-advance models in which the convenience of the represen-
tative household fiction can be retained. In contrast to the transaction-based models
of Grossman and Weiss (1983) and Rotemberg (1984), Lucas’s methodology can en-
tirely eliminate the problematic wealth redistribution effects induced by monetary
shocks, and allows us to isolate the liquidity effects.

Fuerst (1992) extends Lucas’ work by introduciug production in the exchange
economy of Lucas (1990), to study the link between money and real activity in a
closed economy. Monetary injections are assumed to occur through financial interme-
diaries. Intermediaries chaunel the newly injected ca:h 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 monetary injection will redis-
tribute 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 mon-
etary 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 trans-

1These assumptions are to capture the institutional fact that corporatious 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.




mission. 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 coufront the data.

This paper is an attempt to study the role of liquidity effects in an open econ-
omy, to investigate how they affect the determination of the exchange rate and the
international transmission of economic fluctuations, following Fuerst’s approach to
modeling the asymietry of monetary injections. The literature on international eco-
nomics coutains many cash-in-advance approaches to exchange rate determination.
The two-country general equilibrium models developed in Stockman (1980), Lucas
(1982), Helpman and Razin (1985), and Svensson (1985) provide theoretical stud-
ies of the determination of prices, interest rates and currency exchange rates with
liquidity constraints. However, they did not incorporate the liguidity effects from
an asymmetry of monetary injections into their models. In addition, their atten-
tion was concentrated mainly on exchange rate determination, and the transmission
mechanism for fluctuations in output was ignored.

In the literature on the generation and transmission of international business fluc-
tuations, most work studies the transmission of real business cycles | e.g. Dellas
(1986), Cantor and Mark (1987) and (1988) . The performance of these open econ-
omy real business cycle models is not satisfactory. Backus, Kehoe and Kydland (1992)
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 explanations 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 cousider only the non-monetary features of the world economy.?

3The low cross-country cousumption correlatious can be explained by incorporating nontraded




The role of monetary disturbances, or more precisely, the role of liquidity eflects 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 con-
sideration. 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 iinked together by trade in goods and trade in assets. The restric-
tions 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 con-
sumption correlations is presented in this paper. The particular financial structure
imposed in this model seems to be capable of generating lower consumption correla-
tions and higher output correlations across countries than the usual open economy
real business cycle models do. This model focuses attention on the role of inter-
national financial markets in allocating liquidity. This particular financial structure
prohibits economic agents from insuring themselves against the liquidity risk of deal-
ing 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 dif-
ferent from the usual purchasing-power-parity law of exchange rate determination.
Liquidity effects are incorporated into the determination of the exchange rate. Both

goods [ as in Tesar (1990) }, or by introduciug taste shocks [ as in Stockman and Tesar (1990) }, or by
assuming preferences with non-separability between consusnption and labor supply [ as in Devereux,
Gregory and Smith (1992) ].

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



monetary injections and real disturbances can lead to exchange rate fluctuations and
comovements of the interest rates on bouds denominated in either currency, prices
and output (employment level) of the two economies. The international transmis-
sion mechanism of business fluctuations in this model is different from those of the
traditional Mundell-Fleming framework or some recent work on open econony dis-
equilibriumn models with sticky goods prices [ e.g. Sveusson and van Wijnbergen
(1989) ]. In this model, all prices are flexible. In addition to the cash-in-advauce
constraints, the ouly rigidit.y 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 sub-
stitutability of the two consumption goods in consutners’ preferences. This result
is similar to that in Svensson and van Wijubergen (1989), though we have different
channels of monetary transmission.

The remainder of the paper is organized as follows. The model is presented in Sec-
tion 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 3 is the conclusion.

1.2 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 wotld economy

can be considered as an economy with two heterogeneous representative households.



The objective of the home country representative houschold is to maximize its ex-

pected lifetime utility,

EO[Z ﬂ‘U(Cmlez)], 0<i3<l, (1)
t=0
Uciesae, Ie) = In [ere® + ca”] T4 1-1], a<l, (2)

where E; is the mathematical expectation conditional upon information available
in period 0. The instantaneous utility function U(cy, ¢y, 1) is discounted by the
subjective discount factor 3. The consumption of good j in period t is ¢y, J =

1,2.* Define o = 1, 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 t.> 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 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(Hl) = 6, H,, (3)

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

SAs 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 optimization
problem. In addition, this assumption implies a perfectly elastic labor supply curve. As a result,
both of the interteniporal and intratemporal respouses 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.




where 8, is the country-wide productivity shock. and H; denotes uuits of labor em-
ployed by the home firm. Similarly, the foreign firm'’s production function of good 2 is
given by F*(H?) = 6; H;. With the constant returns technology, perfect competition

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

1.2.1 The Timing of Information and Transactions

The world economy is a monetary economy with cash-in-advance constraiunts on all
transactions, making use of the methodology suggested by Lucas (1990). This ap-
proach allows for the introduction of an asymmetry of monetary injections while re-
taining 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 asymiuetric 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) houseliold” for
convenience.

The timing of information and transactions is shown in Figure 1.1. The represen-
tative 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 cur-
rency. It deposits 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 asym-

metry of monetary injections within the household and will be illustrated in more

SThe 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 heterogenecus 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.
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Figure 1.1 :

Timing of Information and Transactious of the Home Representative Household
Period ¢
o Beginning-of-period cash holdings, M, and M, .
¢ Deposits N, units of home currency.

¢ The household separates.

» Shopper M, — N,
+ Importer My,

* Financial Intermediary N,

+ Firm

+ Worker

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

o Markets are opened.
* Loans markets

» Foreign exchange market
» Labor markets
* Goods markets

o Markets are closed.
o Foreign exchange market is reopened.
o Loan repayments are made.

e 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, [,.
o End-of-petiod cash holdings, Mkﬁ.[ and M[¢+1 .

Period .t+1

.
*




1

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
Mj,. 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 finaucial 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 in-
terest rate, i, as given. Given the fixed volume of open market purchases, Y.,
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
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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

My — Ni 2 Pyey + Py, (4)

where Pj, 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
denominated in its own country's currency only, while it is allowed to lend to any
firms and importers of both countrics.” Tlere are three sources of home currency
available tc the home intermediary: the deposit by the home household, N, the
lump-sum transfer, X, and the borrowings from the home monetary authority, Y;.
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
N+Xe+ Y 2B+ 21+ By + 2, (5)

Taking the market interest rate on the home currency-denominated bonds, i;, and the
demand for funds of the foreign borrowers as given, the home intermediary allocates
the loans By, Zy,, By, and Z;, to the howme firm, the Lome importer, the foreign firm
and the foreign importer, respectively.

The home firm borrows By, units of home currency from the home intermediary
and By, units of foreign currency from the foreign intermediary. The home importer
borrows Z,. units of home currency from the home intermediary and Z, units of

foreign currency from the foreign intermediary. However, home firms have to pay the

7That 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 «ffected. But many
accounting procedures will be involved.
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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 ¢, 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 importess of
another country. Only intermediaries are assumed to have the expertise to deal with
the borrowers of other countries. However, in equilibriam, 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 couutry 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 bounds, issued by oher home firms, at the price
of ¢ = ;L units of home currency. Similarly, the representative home importes
purchases K units of the one-period, one-unit foreign currency-denominated bonds,
issued by other home importers, at the price of ¢f = -ﬁ!ﬁ units of foreign currency.

The home firm then takes the howme currency obtained after asset trading, By, +
Byeé: — K qu, 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
(3). The cash-in-advance constraint of the home firm is given by
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Bun + By — Kiuge 2 Wi Hy. (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 Py, units of home currency. The home worker
receives his wage, Wyl;, 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, M, + Z; + %‘:‘ = Kjeq;, 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’lt - - .
Mﬂ + Zyp + T Kpugi 2 Pyen. (7
(]

At the end of the period, loan repayments are made.® However, the home borrow-
ers 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. 1t 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, ouly 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, re-
sponds to clear this foreign exchange market. After all transactions are completed,
the household is reunited, all remaining cash is pooled, aud goods purchased by the

shopper ate consumed. The home monetary authority rebates its interest income to

SWhether the loan repayments are made at the end of the current petiod of in the next petiod
before the borrowers obtain their new loans maukes uo difference to our analysis.

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

19Gince the cash-in-advance constraints are iwposed, borrowers are always able to tepay their
debts. The market-clearing condition of the foreign exchange masket implies that there is no in-
tertemporal trade across countries in every period, which helps to focus our discussion on the sole
of liquidity effects.
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the home representative household as a lump-sum transfer, I';. The household then

holds the remaining cash balances M4y and My, for next period, where

My = Mu+Xe =Y+ Py F(H)—Pucyy— W Hi+ Wil + By ée — 2

+(Bpe+2p)ie—(Bpe+ Zp) (1 +4]) ee + Kpp 10 qe + Tt (8)
ZM » e [ ) -
My = Mp+ 2+ = +Xpifq — Py (9)

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; =
(8¢, X1, Y, T2) and Py = (P, Paryie, ion, i, Wh, €4, €) 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 »imilar way.

1.2.2 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 Appendix 1.
Given the distribution function G and the collection of sequences
{ Ao P, M, M7, M3, My, By, 25, )02,
the home representative household chooses the collection of sequences
{Ne,cue,cae, Yoo Buey Zney Byey 240, ey Hey Kt , Kp0} 320
to maximize the expected lifetime utility with preferences given by (1) and (2), subject

1n 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.
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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).

In restricting the discussion to stationary ratiomal expectations equilibrium, in
which the prices and decision rules atre 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,
6 = 'R" 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, normal-
ize the beginning-of-period per capita money stock of each country at unity. Let low-
ercase 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¢, §it, ¢) and pr = (P1s, Paes e, foes 15, Wi, €1, €2),
respectively. Dynamic programming can be applied to solve t e household’s optimiza-
tion problem. Define the value function corresponding to the household’s problem
J(m,é,3) by

Jm,63)= max [ omax | (Ulenend) + B0, 8,9)}dG(s), (1)
subject to
m,-n 2 ppa+pa, 4"
n+z+y 2 bntan+by+z, (5')
bn+byé6—kng 2 wH, (6')
mg+ 2y + o 5 —ksq" 2 pia, (7)

!

mp = 1 [ma+z—yio+mFH)—pray-wH+wl+béd— 24

1+z
+(0h+2)i=(by+ )1 +i")ed + kyqi +7), (8)
1 .
m', = 1—;—:[m;+z;+ 6+k,q * p303], (9’)
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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 3. The collection of the beginning-of-period money holdings of the home
and foreign representative households is represented by m = (my, my, mj, m3). The
growth rates of the beginning-of-period per capita money stocks of the home and the
foreign country are denoted by r 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;, p2, ps and p4 be the multipliers associated with the cash-in-advance
constraints (4°)-(7’) respectively. Necessary conditions for the home representative

household are:

Elp(o)] = Eluls)], (10)
F?('s')! - gz((; - = (11)

g"((:)) = W)+ 7o 5 [if:((:')) , (12)
o) = (e pE |4 (13)
w1 +ite)] = p(OF(H(), (19)
pals) = us(s)=ﬁ%’mas[§;‘-§,’} , (15)

o - et
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1 - é(s)
1+i(s)  e(s)1+i(s)] (17)
mu(s) — n 2 pi(s)er(s) + pa(s)ea(s) with equality if uy(s) > 0, (4")

n 4+ z(s) + y(s) 2 bu(s)+zn(s)+05(s)+25(s)  with equality if uy(s)>0, (5%)

bu(s) + bs(s) é(s) & 2 w(s)H(s) with equality if u3(s) >0, (6”)
zh(s) - . S ”
my(s) + z4(s) + (o) 2 pa(s)ca(s) with equality if uy(s) > 0. (77)

where the ratio 1/{1 + z(s)] is for rescaliug the values relative to next period’s
beginning-of-period per capita money stock rather than the current one. Arbitrage
implies #(s) = io(s). Also, as mentioned above, K;(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(yu;).

Equation (11) is the usual first-order condition for intratemporal allocation of
consumption. Equations (12)-(14) are the intertemporal first-order conditions for
consumption, labor 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 Letween 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 interme-
diary. The marginal utility of one unit of hoine currency in the financial market,
43, should equal the marginal utility from oue unit of hote curtency allocated to
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the home firm, u3, which should also equal the discounted expected marginal utility
derived from the interest payment, :(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, u4, 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 inter-
mediaries. 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,
one-unit home currency-denominated hond, 5 15 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, TN 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 cotresponding markets.) will be

Z€10.

Asset Pricing

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

derived.
o pa(s) = m(s) + [444] oy S — (o) + [A44]
1+i(s) = el 14i(s) = L8 Z103
‘ i AE [54] ‘ —— T )

If the terms (u3(s) — puy(s)] and (ﬁ;‘;’} = #1(s)] did not exist in these pricing equa-
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tions, 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 [p3(s) — pi(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.)3 If
Ha(s) is larger than y,(s), that means that the home 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 Fish-
erian fundamentals. There are two effects determining i(s), which are the liquidity
effect, represented by [u3(s) ~ ui(s)], and the expected price effect, represented by
[1 + z(s)]p1(s').'* These two effects act in opposite directions which generate the
ambiguity of the movements of the interest rate.

Similarly, u,(s) reflects the level of liquidity in the foreign currency-denominated
bond market. For comparing with u,(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 u,(s) = ﬁ-}ﬁ That is, the two bouds markets are
equally liquid. However, there is no mechanism to equate them, so this condition
does not necessarily hold. Arbitrage eusures 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

13in the standard model, [e.g. Lucas (1978)], the representative agent is assumed to maximise
time-additive expected utility Eo{3°70, 0U(e;)}, where Eo denotes the expectation conditional on
information at time 0, § is the subjective discount factor, U is the instantaneous utility function, and
¢ is consumption. This model implies that the price of an auset is the representative agent’s rational
expectation of future returns multiplied by the marginal rate of substitution between present and
future consumption — the Fisherian fundamentals of interest rate determination.

13As the household has to choose n befote the realization of the current state of the woeld is

revealed, an optimal decision requires that the expected values, E[u(s)] snd E[u;(s)), must be
equalized. Thus the term [u3(s) « s11(s)] # 0 represents a forecasting error.

4The increase in the money supply results in an expected one-time jusup in next period’s prices,
In addition, there will be an expected inflation effect if tnoney growth rates are positively serially
correlated.
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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-periogl 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.!®

1.3 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 é only. As mentioned above, k;; = 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 {myq, m o, mjy, m},}, and a
collection of sequences { A, A}, pe, Pi» M, ey Yty Oty bges 20ty Zg0, Cres €2, ley Hey 03, 92, By

030 Zhes 2700 €100 Cops 1§ s HT 1520 » such that

(a) Given {A, pr,mi,, myy, 850, 20, )220 »  {es €100 Cats Ues By Bpey 20ty 2400 ey He}§2g solve

the home representative household’s optimization psoblem (1°') subject o (4')-(9°).
Given {8, pf,mue, e, by, 200}20 1 {nE, Chor Crs UE s bigs s Zies 2500 Iy H } 20 solve

the analogous optimization problem of the foreign representative household subject

to the constraints.

1%]¢ is noted that the beginning-of-period exchange rate in period ¢ + 1, é.,1, bas incorporated the
information about s;41 which is not available in period t. Thus é,4, is in general different from the
end-of-period exchange rate in petiod ¢, ¢;. The exchange rate may fluctuate both within a period
and across periods.
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(b) The budget constraint of the each country’s monetary authority must be satisfied.

The monetary injections are financed by priuting money. The lump sum rebates of

interest incorae must satisfy

(c) All markets are cleared.
Goods markets

e+ ¢y =0H,,

cu+ ¢y =0 Hy .
Labor markets

I, =H,,

I =H;.

Financial markets

(i) open market purchases

(ii) money markets
M +mp, =1,
my+my =1,

(iii) loans markets

Ne+ o+ Y =bpet+zne+ b5, + 2,

ng + 27 +y; = bpe+ 250 + by, + 23,

(18)

(19)

(20)

(21)

(22)
(23)

(24)

(25)

(26)
(27

(28)
(29)
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(iv) foreign exchange market

(b, + zne) = €6 (bye + :;,) . . (30)

(bre + zne)(1 +2) = edy (bpe + 20)(1 +37). (31)

(d) Arbitrage conditions hold.

Pa _ 2, i, Pj .

re (1 +2)(1+ ‘)Ph (32)
pt, = P“(cl, 6": i) ' (33)
P = pul(l+ij)ed:. (34)

This completes the definition of equilibrium.

As shown in equation (32), because of the cash-in-advance constraints for im-
porters, 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 con-
sumption ratios are different, (c1¢/cae) > (c,/c3), V¢, 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
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either currency of the two countries are positive in all states, so that the cash-in-
advance counstraints 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 cach country,

b = bu+bpédy=wl, (35)
2 = 2t + 25 = pycn, (36)
é: 8 u
b‘ o~ .b'.l + b‘ — w. l‘ (37)
T = é. 6¢ It t
2 = zp otz éd = pucy,, (38)

the exchange rate equations can be derived,

& = fuar _ 1 [(x,+,,.+,.,)(1+,-,)-(1..,..) ()
T Phew & [@mHw+n))(L+i)—(1-n])
& = (1+i¢) a (1+i‘)P"C;. _ Pung (40)

O+ "~ O+ Paeu Prc,’

where b;, 2, b; and z; are the ultimmate 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 quautities of the two
currencies used in international trade financiug, (Pyci,)/(Pscu), where

Pycy, = Mipuci, = M, [(ze+ye+n) (14 4) — (1 —ny)], (41)

neu = M pyca = M [(2f +y7 +n7) (1 +37) - (1 - n])). (42)
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Define 1, = (z¢+y:+n) and QO = (27 +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, é;, depends only upon how the

two terms, (1 +i;) and (1 +i;), are aflected by s;.

1 diQ: (1 +14,)] _ 1 dQ, 1 di (43)
ﬂg (l + lg) dJ. - ﬂ( d-!g (1 + 3;) ds. !

1 dp(+i)] 1 d 1 di; )
(1 +¢3) ds, T 0 dsy (1 +3) dse’

If the home country’s monetary authority’s injections of cash, by way of changes in

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

Q, d[(1 + ig)] - Q, ﬂ

T R R e B (45)
Q  dQ+i)] Qe dif

QG (1+5)  d0. (1 +3) o, (46)

where W ﬂ“—fﬁ—ﬂn and T ﬂ‘_’%“tﬁﬂ are the elasticities of the changes

in Q(1+:i) and Q(1+i;) with respect to the changes in 2, , respectively. The
elasticities of the changes in the gross interest rates, (1 +#) and (1 +i), with
respect to the changes in Q; are denoted by s $t and flizy Fl , respectively.

Similacly, if the home country’s productivity shock is the only economic distur-

bance in the world economy, we have

6 df(1+i)] _ 6 di
ﬂ:(1‘+ic) ‘d& ‘ T M) do: (47)
6  dp(1+d)] 6 dif )

ma+)  do, = O+ a8,
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The elasticities of the changes in (1 + i) and Q7(1 4 i;) with respect to the
changes in §, are denoted by g ft— ABLHAl and i) ABED | respectively.
The elasticities of the changes in the gross interest rates. (1 + i) and (1 + {), with
respect to the changes in 8, are denoted by (‘1‘1‘2‘5 %“—",f and (—,%.?; %—: , respectively.
The analogous elasticity equations for the changes in 2} and 87 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 ou those honds. Hence, &
depends on the relative liquidity of the two markets for bonds denominated in the
home currency and the foreign currency, respectively. How Py}, and Pjcy are
affected by the economic disturbances is determined by the elasticities of the changes
in (1414) and (1 +14;) 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 §& <0, V o.

2. A monetary injection in the form of a lump-sum transfer, r,, has a liquidity
effect and an expected price effect. These two cffects operate in opposite di-
rections. However, it can be shown that the liquidity effect domimates and
ff <0, Vo.

3. The elasticity of the changes in (1 + i;) with respect to the changes in the
home country’s productivity shock, 8, is determined by the elasticity of the
changes in py, with respect to the changes in 6,. TF:‘-‘TT %: = 1+ ;'-."-
and sign {1 + ,-!";%;*] = sign (1 — ¢) , 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
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upon the value of o. signg‘i'l.; = sign 5‘% = sign %':- =sign(oc-1).
The illustration of these results is in Section 4.

As mentioned before, 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 ¢, i; and iJ are determined, é; will be pinned down by
equation (17°). So the following discussion of the exchange rate will focus on the
end-of-period exchange rate, ¢,. ‘

As shown in equation (40), the exchange rate (end-of-period), e;, depends upon
the relative size of the flows of the two couuntries’ currencies to the foreign exchange
market at the end of the period. This is determined by two factors. The first is the
interest rate ratio (1 +i;)/(1 +i7). The second is the relative quantities of the two
countries’ currencies used in international trade financing, (Py.ci,)/(P5ca). 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 + #;)/(1 + i7) is less than
one, and the quantity of home currency used in international trade financing, Py.cj,,
is smaller than the quantity of foreign currency used in international trade financing,
Pjicn, then the home currency will appreciate.

The special feature of this model is the dependence of the exchange rates on
the relative liquidity of the home currency-denominated bond market and the foreign
currency-denominated boud 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 con-

straints for both countries are always binding, which implies ,(s) >0 and g;(s) >

0, Vj =1,23,4. In this equilibrium, my(s) = mj(s) = L, my(s) = mj(s) = 0,

V s, 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

1+i(s)]
E [l + z(s) ]

1+4i%(s)]
E [1 + z*(s) ]

ci(p(s), p2(s))
<5(pi(s), pa(s))
w(s)

w*(s)

q(s)

q*(s)

il

]

|
/7 L}
L
ﬂ. *
(1 = m)py(o)"* _
ey + a1 =
(1~ whps(e)” -

[pi(s)'~* +p3(s)' ™)’

n(s)o(s) 1 —

_l_:;?(-;i- = ﬂ[1+1(3)](l ‘)’

pz(s)o°(s) _ __1_ (s -

POTE) - Lol - ),
1 _ [4s(a)i=n)

1+ i(s) B8(s)m(s)

1 _ [+ze)a-n)
1 +1%(s) B6(s)pi(s)

(49)

(50)

(51)

(52)

(33)

(54)

(55)

(56)



29

Exptessions (53)-(56) show that open market purchases, y and y*, do not change
the wage rates and they affect the bond prices only thr.ough their effects on p, and
p;. 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
equations (28), (29) and (40), we have a simultaneous equation system of three equa-

tions, (57)-(59), in three unknowns, p, p; and e.

1+ - - - L] Ll L ]

ntzty = o= lalnp) + G(LeE) ] +pe(rin), (57)

- [ ] - 1+x‘ -» * » L

n® 4oyt = o [ca(pr,p2) +<3(p1,p3)] + Prca(Prop2 ), (58)

g 3v* ) 08v .

[1+I‘] eépzzcz(l’hm)= [1+$ plzcl(Pl’p2)9 (59)

- o1 ._ Moy _pileborprv

where v=i——, U=y H=Qiges ™M P 13z

The equilibrium prices, p, and p}, and the exchange rate, ¢, 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 fuuctions. py(s,n,n°), pj(s,n,n") aud e(s,n,n"), into equations (49) and
(50).

There is a continuum of equilibria which have the common set of equilibrium val-
ues of { . p(s), 7(s), ¥(s), culs), ca(s), (s), b(s), =(s), n=, p*(s), 7*(8), ¥"(s),
ci(s), €3(8), 1°(s), b*(s). z°(s) }. Each of these equilibria is characterized by a dis-
tinct vector of equilibrium values, { ba(s), bs(s), 2a(8), 25(s), bi(3), b3(8), zi(s), 23(s) ],

which satisfies equations (28)-(31) and (35)-(38). In spite of having eight equations
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in these eight unknowns, there are only seven independent equations. Consequently,
the equilibrium values of these eight decision variables are indeterminate. This inde-
terminacy arises because what really matters are the ultimate allocations of currency
across the borrowers: b, z, b* and :*, but not the ways to finance them. In equilib-
rium, 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 efiects and the transmission
mechanism for economic fluctuations in the fullowing section, the particular equilib-
rium in which b, = b, 2y = 2, b5 = b°, 25 = = and by = 7, = b}, = zy = 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.

1.4 Comparative Static Analysis

Some comparative statics exezrcises 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 s. 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;, aud 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 1.1 — 1.3 summarize the results of these exercises, which show

16Though all of the econotnic disturbances are determined by the realization of the current state of
the world, these comparative statics exercises are performed by allowing ouly one of these exogenous
variables to vary while assuming the rest being constant.
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that the =ffects depend critically on the value of the constant elasticity of substitution
in consumption, o, between the two goods.!? Thg directions of the responses of e, py,
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, :. 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;/p and p3/p; . Therefore, for o > 1, 0 = 1 and
0 £ o < 1, the expenditure share of good 2 in each 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, (Pyc;)/( Py c;). Thus e is expected to fall, be unaffected
and rise in the cases of 0 > 1, 0 = 1 and 0 € o < 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 i* will adjust to clear the market. Liquidity in the foreign currency-

1"The utility function is Cobb-Douglas if # = 1. The two goods are gross substitutes if & > 1.
They are gross complements if 0 < o0 < 1.
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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 fo eign ecoaomy.
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). Ouly in the case of 0 = 1,

the foreign economy is insulated from the shocks of the home country.

The correlations of output fluctuations across countries depend highly on the
substitutability of the two consumption goods in the consumers’ preferences. The
lower the substitutability 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 nowminal prices of the two goods faced by
the two representative shoppers are affected by the economic disturbances differently.
Hence, the consumption of the two households will adjust differently, and result in

low correlations in consumption across countries.

As shown in Table 1.1, the effects on the two representative households’ consump-
tion of good 2, c; and ¢}, depend on the value of 0. If 0 > 1, c; rises while c; falls.
If o = 1, ¢; and c; are not affected by this monetary injection. H0<eo<l g
falls while ¢} rises. In addition, for any value of o, the consumption of good 1 by
the foreign representative household, cf, increases. However, the changes in the home

representative household’s consumption of good 1, ¢, are ambiguous. Because of
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the ambiguity of the changes in ¢, the effects on the home country’s employment
level, [, and output, Q, are also ambiguous. There are three effects on ¢,. They are
a substitution effect caused by changes in p,/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 p3 on p;, so that p; falls, which
results in an ambiguous effect on p;/p1. If p/p1 increases, the substitution effect
caused by the increase in p;/p; and the income effects respectively caused by the
decreases in p; and p; will act in the same direction and raise c;. 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 0 = 1, p; is not affected by the monetary injection of the home economy. There
are a substitution effect induced by the increase in p;/p, and an income effect induced
by the fall in p;. 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 py/ps, raises c;. However, the income effects are ambiguous because

p1 decreases while p; increases. If the substitution effect dominates, ¢, and the home

137 sufficient (but not necessary) condition for (dcy/dy) > 0 is {o + #{,;(1 - x3;)] > 0
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country’s output will increase. 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, ¢ and :*, both fall. The home currency

depreciates.

When the value of o is sufficiently small, the substitution effect is weak. Since
the expenditure share of c; in the home representative shopper’s budget is large, the
income effect of p; on ¢; may dominate, ¢, will fall, and the cffect on @ will be am-
biguous. However, Q 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 con-
sumption 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 thau 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

dPl di d(P; / Pi ) dcl
== <0 —_ < L2l S0 ——— 0, Va,
dy ’ dy ’ dy >0 dy >
R de N dpz N dl‘ . dq . . . .
Sign — = Sign ~— = sign — = sign — = sign cov(z,:*) = sign{l - o),
dy dy S dy s dy ( ) ( )

. dpy ., di* |, d .
ngn—;l,lzsxgn-a;=sxgnﬁ‘;1=sxgn(a—l),
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dp/p) Lo g v o<1,

dy ’ dy

>0 fo=1 >0 if o=1
%‘-’l <0 ifo=0 §{>o if =0
L otherwise , Yl =17 otherwise ,
. dC|
if Ty_>0 for o>1 and 0O<o<1,

di . .

then @>0, V o and signcov(l,!*) =sign (1 - o).

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 produc-
tion 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, i. This implies that the expected price effect is dominated by
the liquidity effect, 4 < 0, V o. The change in the effective wage rate w(1 +7)
is ambiguous and so is the change in p;. Only in the case of o = 1, can it be shown

that p, decreases.

For the exchange rate, the movement is unambiguous in the cases of 0 < 0 < 1

(e will x:ise) and of 0 = 1 (e will be unaffected). However, in the case of o > 1,
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e will decrease (as that of open market purchases) only if 7, is sufficiently small.
This can be explained in the following way. Since the change in py 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 77, to be sufficiently small such that the
demand for good 1 and the ultimate demand for home currency, =°*, 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 x}, 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 I mp-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 0, 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 1.2 ].

Unlike the impacts of monetary shocks, the output of the home economy increases
unaiabiguously in this case. Moreover, the effects on the employment level [ and

the interest rate i are quite different from those of monetary shocks. The rise in
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productivity allows home firms to reduce I, which tends to reduce i, while the decrease
in py induces a larger demand for good 1, which increases ! and has an upward force on
t. Consequently, the effects on | are ambiguous, and the changes in i are determined
by the elasticity of the changes in p, with respect to the changes in 8, — P—t -
m % = +—&— 52“ and sxgn[l-i-m “‘] = sign (1 —0). In the caseof 0 > 1,
the elasticity is larger than one. The effect of the decrease in p, dominates the effect
of the increase in § on :. 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, dp2/p) d(pz/pi) dcj

sngnd -sxgndp2 —-s:gni'- -slgndl‘ —sxgnd = sign(i - o),
dé dé df do do

L4 i‘

sign ;; = sign-d-? = sign ‘1110 sign(oc - 1),

Lo [=0 if o=1
sign cov(z, ") <0 otherwise ,
dp;
70_<0’ V dSlq
aQ

>

¥ if o=0

>0 fo21
L1
otherwise ,




if % >0 for 0<o<l, then signcov(Q.Q")=sign(l- o),

where Q=c;+¢c; and Q*=c, + 3.

1.5 Conclusion

In summary, both monetary shocks and real disturbances can generate fluctuations in
exchange 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 fluctuations. 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 financal

19Given the intertemporal elasticity of substitution in consumption is unity, our classifications of
complements and substitutes are equivalent to the “Edgeworth-Pareto” cotnplements and substitutes
used in Svensson and van Wijnbergen (1989).
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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 explanation (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
economy. 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.




Table 1.1 : The Effects of Open Market Purchases
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Chapter 2

Capital Controls, Foreign
Exchange Controls, and Liquidity

2.1 Introduction

This paper analyzes the liquidity cffects generated by restrictions on international
financial markets in a two-country, two-goud, two-currency world economy. The im-
pacts of these liquidity effects on the welfare and macroeconomic aggregates of the
two countries are studied. Two types of controls on intcrnational financial transac-
tions are examined. The first is capital controls, which are taxes on the purchases of
bouds issued by foreign bortowers. The second is foreign exchange controls, which
are taxes on the purchases of foreign currency.

Though there is a worldwide trend toward financial liberaiization, the use of vari-
ous forms of taxes and quantitative restrictions on international financial transactions
continues to be widespread in the world economy, and is likely to remain so in the
future. According to the International Monetary Fund (IMF) Annual Report on Ex-
change Arrangements and Exchange Restrictions (1992), out of 157 IMF member
countries, 88 have restrictious on paymeunts for current transactions, while 122 have
restrictions on payments for capital transactions. It is important to have a clear
understanding of how these controls affect the world economy, and what the likely

consequences of financial liberalization are.

43
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The effects of capital controls and foreign exchange controls of various forms have
been studied in previous work. Adams and Greenwor. 1 (1983) investigate the welfare
aspects of a dual exchange rate system. Greenwood and Kimbrough (1985, 1987) ana-
lyze how foreign exchange and capital controls affect macroeconomic aggregates such
as output, employment, and cousumption. These papers show that these controls are
equivalent to some forms of commercial policies and should be evaluated by applying
standard real traae theory. However, all of these studies are restricted to small open
economy setups. Consequently, it is clear that all of these controls are undesirable for
a distortion-free small open economy. In addition, the role of international financial
markets has not Leen emphasized in arcas of the above papers.

Stockman and Hernandez (1988) highlight onc of the many crucial functions of
international financial markets: assets markets allow individuals to hedge against
unwanted risks. Tley examine the effects of restrictions on international financial
markets in a gencral-equilibrium, rational-expectations model of a two-country world.
They show that the effects of capital and forcign exchange controls depend critically
upon the availability of international financial market for asscts with state-contingent
real returns. They get these results because contingent assets climinate all diversifi-
able wealth-redistributed effects of changes in policies, and ouly the aggregate wealth
effects aud substitution effects remain.

Unlike Stockman and Hernandez (1988), this paper stresses another erucial func-
tion of international financial markets, which is allocating liquidity across market
participants. Financial intermediaries are explicitly modeled in the form of credit
institutions, whici accept deposits from savers and make loans to finance production
and international trade. The taxes on international financial transactions affect the
distribution of liquidity in international financial markets. This paper investigates

the effects of this redistribution of liquidity on the world cconomy.

A number of recent papers have studied liquidity effects induced by monetary in-
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jections in modified versions of closed economy cash-in-advance models [ e.g. Gross-
man and Weiss (1983), Rotemberg (1984), Lucas (1990) and Fuerst (1992) |. In
Grossman and Weiss (1983) and Rotemberg (1984), government open market opera-
tions not ounly induce liquidity cffects, but also alter the distribution of wealth. This
redistribution of wealth complicates the analysis. Lucas (1990) suggests a simple ap-
proach that abstracts from these wealth redistribution effects. This approach allows
for the study of situations in which different agents face different trading opportunities
while retaining the convenienre of the representative household fiction. He analyzes a
series of models in which money is required for asset transactions as well as for trans-
actions on goods. In these modified versions of cash-in-advance models, government
open market operations induce liquidity effects that lead to fluctuations in interest
rates for non-Fisherian reasons in a closed economy. Fuerst (1992) ir.troduces produc-
tion to Lucas (1990)’s pure exchange economy and analyzes how monetary injections
generate liquidity effects and influence the real activity of a closed economy.

This paper extends the line of research of Lucas (1990) and Fuerst (1992) to study
liquidity effects in an open economy. A two-country version of the model in Fuerst
(1992) is presented to study liquidity effects induced by the taxes on international
finandal transactions in an open economy. If cash is required for international finan-
cial transactions, then the quantity of each country’s currency (liquidity) in financial
markets will influence exchange rates and the interest rates on bonds denominated
in currency of each country in the world ecouomy. Taxes on international financial
transactions generate liquidity shocks to the international financial markets. As dif-
ferent economic agents face different trading opportunities, they are affected by the
liquidity shocks asymmetrically. These taxes not only withdraw some cash from the
world economy, but also redistribute liquidity across economic agents. This redistri-
bution of liquidity affects real activity and gemerates fluctuations in exchange rates

and interest rates.
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In this model, capital controls are shown to be sufficiently prohibitive that each
of the borrowers will take loans from the intermediaries of his own country only.
However, when capital controls are the only limitations on international financial
transactions, they have no real effects on the world economy. They only restrict the
world economy to be in an equilibrium in which cach borrower takes loans only from
the financial intermediaries of his own country, but the real allocation of the economy
is identical to that in the equilibriumn of the model with no controls on international
financial transactions. It is the availability of unrestricted trading in the foreign
exchange market which makes capital controls become ineffective. To have an effect
on international capital flows, capital controls and foreign exchange controls have to
be imposed simultaneously. These controls act to restrict economic agents’ access
to liquidity and to redistribute liquidity in international financial markets. Different
economic agents will be affected by the controls differently.

How the liquidity effects operate depends critically upon the value of the constant
elasticity of substitution in consumption between the two goods in consumers’ pref-
erences. As the taxes are imposed on the howme representative household, the initial
liquidity effect is going to occur in the economy of the home country. Liquidity in
the market for bonds denominated in home currency is redistributed. This liquidity
effect affects the relative prices of the consumption goods in both economies. The
value of the constant elasticity of substitution in consumption between the two goods
then determines how the liquidity in the market for bonds denominated in foreign
currency has to be reallocated. This model can generate different comovements of
the macroeconomic aggregates in the two cconomies. Nevertheless, the home cus-
rency appreciates as a result of the imposition of the foreign exchange controls, which
is independent of the substitutability of the two consumption goods in consumers’
preferences.

The impacts on the welfare of each household in the world economy depend upon
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how the liquidity constraints of this household are affected by the changes in these
controls. As the cash-in-advance coustraints are imposed on all transactions in this
monctary economy, they produce distortions in the world economy. There will be a
welfare improvement if the restrictions relax the liquidity constraints.

The remainder of the paper is organized as follows. The model is presented in
Section 2. Section 3 describes a stationary rational expectatious equilibrium. The
impacts of changes in the taxes on the home country’s residents’ purchases of foreign
currency, given a fixed policy rule, are investigated in Section 4. Section 5 provides
a discussion of the welfare implications of changes in policy rules of restrictions on

international financial transactions. The conclusion is in Section 6.

2.2 The Model

The model used is a two-country, two-good, two-currency cash-in-advance model with
endogenous production. 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 cousidered as an economy with two heterogeneous rep-
resentative households. Each representative household consists of five members: a
shopper, a worker, a firm, an importer, and a financial intermediary. The objective of

the home country representative household is to maximize its expected iifetime utility

EO Z ,L’,‘U(Cu,Cm,lg) ’ 0 < /3 < 19 (1)
=0
LI(('“.('”. I‘) - lll [(’un + (‘21“]%; + [1 - Ig] s Q S l, (2)
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where Ej is the mathematical expectation conditional upon the information available
in period 0. The instantaneous utility function U(cye.c.0) is discounted by the
subjective discount factor 3. The consumption of good j in period ¢t is ¢, J =
1,2.! Definec = -,-—:-;, which is the constant clasticity of substitution in consumption
between the two goods. In every period, the household is endowed with one unit of
time. The household supplies [, units of work effort to the labor market in period ¢.2
Labor is internationally immobile. For simplicity, the instantaneous utility functions
of the representative households of the two countries are assumed to be identical.
Firms in the home country produce only good 1, while those of the foreign country
produce good 2. However, every household consumes both goods. Thus there is a
complete specialization in production, and trade allows agents in each country to
consume both goods. The production functions are identical within a country, but
different across countries. Each production process requires only labor input. Each

of the home firins faces the production function
F(H,) = 6 Hy, (3)

where 8 is the productivity parameter which is assumed to be constant over time, 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*(H;) = 0"H;. With constant returns
technology, perfect competition implies that firms earn zero profits, so that trading
in equity claims can be ignored.

In this model, cash-in-advance constraints are imposed on all transactions. The

restrictions of using the sellers’ currency for transactions in goods markers and using

1Taking the logarithm of the CES utility function of the two consusnption goods results in a unit
elasticity of intertemporal substitution in consumption, which simplifies the calculation.

3As in Fuerst (1992), the instantaneous utility function is linear in leisure. This assuruption is
required for simplifying the calculation and obtaining a closed-furin solutivn of the optimization
problem. In addition, this assumption implies a perfectly elastic labor supply cutve. As a result,
both of the intertemporal and intratemporal respounses of labor supply to the conemic disturbances
are eliminated. Rather than being a drawback, this specification of the utility function allows the
maode] to stress the fluctuations in emiployment level brought about by shifts in labor demand.
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the buyers’ currency for transactions in bond markets assign financial intermediaries
a role in international trade financing.

This model is similar to the one constructed in Ho (1992), except for the following
two modifications. First, since our focus is on the effects of foreign exchange and
capital controls, the production parameters and the money supply of each country
are assumed to be constant. There are no monetary injections. The only exogenous
variables are the taxes on international financial transactions imposed by the home
government on the home conntry’s residents. The home government will rebate all of
its tax revenue to the households of the home country as a lump-sum transfer at the
end of each period. Thus, changes in money stock of the world economy caused by
these taxes can be prevented from occurring. It is convenient to use a normalization
so that the money stock of each country is unity. Second, for simplicity, the trading
of bonds among firms and importers of either country will be ignored.? Only financial
intermediaries are assumed to have the expertise to deal with the borrowers of other

countries.

2.2.1 The Timing of Information and Transactions

The timing of information and transactions is shown in Figure 2.1. The representative
home country household enters a period with cash balances carried over from last
period, which include m,, units of home currency and m, units of foreign currency.
It deposits n, units of home currency in the home intermediary. Transaction costs are
prohibitively high so that once the deposit is made, it caunot be withdrawn until the
end of the current period. 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

3As in equilibrium, the net supply of bonds traded among firms and importers of the same country
will be zero in this representative agent economy.




Figure 2.1:

Timing of Information and Transactions of the Home Representative Household

Period ¢
¢ Beginning-of-period cash holdings, my; and my, .
o Deposits n, units of home currency.

¢ The household s_parates.

* Shopper my, — n,
» Importer my,

» Financial Intermediary n,

* Firm

* Worker

e Current state of the world, s;, is revealed to everybody.

¢ Markets are opened.
* Loans markets
» Foreign exchange market
» Labhor markets
» Goods markets

e Markets are closed.
¢ Foreign exchange market is reopened.
¢ Loan repayments are made.

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

and goods purchased by shopper are consumed.
o Lump-sum rebates of tax revenue from the home government, ~,.

o End-of-period cash holdings, mp41 and myy, .

Period t+1




51

takes the remaining my; — ny, 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 bounds 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 current state of the world is revealed to
everybody. Let the state of the world be denoted by a vector sy = (7, 7:), where 7, is
the tax rate on the purchases of foreigu currency imposed by the home government
on the home ~ountry’s residents (foreign exchange controls), and 7, is the tax rate
on the purchases of bonds issued by foreigners, imposed by the home government
on the home financial intermnediaries (capital controls).! The state of the world, s,
is independently and identically distributed across time, and the joint distribution
function G(7,, ) is public knowledge.®

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

My — Ny 2 puCre + pucau, (4)

where pj¢, 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
denominated in its own country’s currency only, while it is allowed to lend to any

firms and importers of both countries.® The source of home currency available to the

4Alternatively, these coutrols can be in the forms of quantitative restrictions. If the home govern-
ment auctions off the quotas on these international financial transactions in every period, there will
exist some taxes that exactly duplicate these quotas. In this case, the state of the wozld is denoted
by the quotas set by the home government.

5The treatment of government policy as uncertain and exogenous can be considered as a fixed
policy rule while having some clements of randonmess attached to its inputs, so that the resulting
policies will be stochastic.

SEven if we let intermediaries borrow from the intermediaries of another country, then lend to
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home intermediary is the the deposit by the home houschold, n,. Taking the market
interest rate on the home currency-denominated honds issucd by the home country’s
borrowers, i, the tax rate n;, and the demand for funds of the foreign borrowers as
given, the home intermediary allocates the loans by, 21, b, and 3}, to the home
firm, the home importer, the foreign firm and the foreign importer, respectively. The

representative home intermediary has the following cash-in-advance constraint
ne 2 b + 2 + (O + 25) (1 +m). (5)

It is noted that with the assumption of perfect competition, the home financial inter-
mediaries will lend to the foreigners at the interest rate [(1 4+ #,) (1 4 5,) — 1].

The home firm borrows by, units of home currency from the home intermediary
and by, units of foreigu currency from the foreign intermediary. The home importer
borrows zj,, units of home currency from the home intermediary and =g units of
foreign currency from the foreign intermediary. However, home firms have to pay the
home workers in home currency, while home importers Lave 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. The home government levies taxes
on its residents’ purchases of foreign currency at the tax rate r,. These taxes are paid
in units of home 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.

their borrowers, the equilibrium will not be affected. But many accounting procedures will be
involved.

7In this model, it will inatter whether the taxes on purchases of foreign currency are paid in
units of home currency or in units of foreign currency. However, only the case in which the taxes
are paid in units of home currency will be considered here. For the taxes on the home financial
intermediaries’ purchases of bouds issued by foreigners, it does not matter whether they are paid
in units of the currency of cither country. This is because in equilibriuin, the foreign borrowers will
not take any loans from the home iuterinediaries.
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The home firm then takes the home currency obtained after asset trading, by, +
bsiés, 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 (3). The

cash-in-advance constraint of the home firm is given by
bae + bpréy 2 we 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, [;, 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, + zs¢ + 21e(1 — 7¢)/é, purchases foreign goods
at the price of pj, units of foreign currency, and sells them to home shoppers at
the price of p2 units of home currency in the home market for good 2. Thus, the

cash-in-advance constraint for the home importer is

ze(l-7)

e 2 Puca- (M
t

myp + 20 +

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 foreizn 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

4This assumption is also used by Helpman and Razin (1982) and Svensson (1985). Svensson
(1985) calls this “continuous currency trade”,
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shopper are consumed. The home government rebates its tax revenue to the home

representative household as a lump-sum transfer,

bpe+zp)(1+ 14
wm [ LtOEDL ]y ®)

“he 1-T¢

The household then holds the remaining cash balances my, ., and myey, for next

period, where

Muper = bt +PeF(Hy) —puce = wHy + wely + bpeéy = 2

(be + zp) (1 + 47) e
1~ Tr

+ (b + z5) (L4 ) 20 ~ + ™, (9)

Zne (1 — 1)

Mp4e1 = My + 25+ Z
t

- Pucxn- (10)

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. The activities of
the foreign representative househcld are analogous to thusce of the home representative

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

2.2.2 The Optimization Problem of the Home
Representative Household

The home representative household maximizes its expected lifetime utility with pref-
erences given by (1) and (2), subject to the technology coustraint (3), the cash-
in-advance constraints (4)-(7), and the two evolution equations of the household’s
beginning-of-period cash balances (9) and (10). There is an analogous optimization
problem for the foreign representative household.

Dynamic programming can be applied to solve the household’s optimization prob-
lem. Define the value function corresponding to the houschoid’s problem J(m, 3) by

J(m,3) = max / max
0<n<my crcabn.an by zg L H

{U(cr, e 1) + BT (1, 8)}dG(s), (11)




55

subject to (3)-(7), (9) and (10). 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 3. The collection of the beginning-of-period
money holdings of the home and foreign representative households is represented
by m = (my,my,m;,mj). 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.

The first-order conditions for the home representative household’s optimization
problem and those for the foreign representative household’s optimization problem
imply the following arbitrage condition for borrowing from both countries’ financial
intermediaries,

(L+i)é = (1+:%)e, (12)

which is the same as in the case with no restrictions on international financial transac-
tions. This implies that the foreign borrowers will not borrow from the home financial
intermediary. Also, the home firm will not borrow from the foreign financial inter-
mediary. That is, by = b; = z; = 0. Consequently, there will be no suppliers of
foreign currency in the foreign exchange market at the end of the period. The foreign
exchange market will not be opened at the ~ud of those periods in which capital con-
trols are imposed. Thus, the home importer will not borrow from the foreign financial
intermediary as he is not able to obtain foreign currency through trading in the for-
eign exchange market for repaying the loans, and z; = 0. It is noted that whenever
capital controls are imposed, the foreign borrowers will stop taking loans from the
home financial intermediaries. Thus, any taxes on the home financial intermediaries’
purchases of bouds issued by foreigners will be prohibitive. These results are va.hd
no matter whether there are foreign exchauge ccatrols or not, because equation (12)
always holds.

In a model in which capital controls are the only limitation on international finan-

cial transactions, capital controls have no real effects on the world economy. They
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only restrict the world economy to be in an equilibrium in which each borrower only
takes loans form the financial intermnediaries of his own country, but the real allo-
cation of the economy is identical to that in the equilibrium of the model with no
controls on international financial transactions. In Ho (1992) it is shown that there is
a continuum of equilibria with identical real allocations, but with different loan quan-
tities. For the controls on international capital flows to be effective, capital controls

need to be imposed together with foreign exchange controls.®

2.3 Stationary Rational Expectations Equilibrium

In the stationary rational expectations equilibrium of the world economy, the prices
and dedsion rules are fixed functions of the current state of the world, s, = (7, n,).
It is noted that n; and n} are independent of s,.

Assume that there exists an equilibrium in which all of the cash-in-advance con-
straints for both countries are always binding. In this equilibrium, n and n* are
fixed numbers which are between zero and one, my, = my =1, mgy =mj =0,

by = zpe = by, = z;, =0, Vt, all markets are cleared,

money markets my +my, =1, myg+my, =1, (13)
loans markets n=by+ 2, nt = "}z + 255 (14)
foreign exchange market zn(1 = T} = €423, (15)

91f foreign exchange controls are the only limitation on international financial transactions, there
will be a continuum of equilibria. Each of these equilibria is characterized by a distinct vector of
[2a, 27, 23, 2§ ] with non-negative values. These equilibria are quantitatively different from each
as the magnitudes of the liquidity effects induced by changes in the tax rate 7 depend upon
the values of [ za, 25, 2}, 27 ). However, the qualitative properties of all of these equilibria ace the
same. For simplifying the analysis, capital controls are assutned to be imposed together with foreign
exchange controls so that the particular equilibrium in which 2y = z§ = 0 will be chusen to illustrate
the results.
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goods markets cu+ ¢y =6H,, cn+ ¢y =60"H, (16)
labor markets L =H,. I; =H;. (17)
and the arbitrage conditions hold,
ee(l+a) = e(l+73]), (18)
. (1+71;)
Pu = BLCT"‘— ’ (19)
¢
c (14
pu = Pull+i)a ) (20)

l-T,

The Determination of Exchange Rates

Equation (15) and the binding cash-in-advance consrraints for the importer of

each country imply the nominal exchange rate,

e (1 — -
é = ht (... Tt) — I’:c(.u . (21)
7 Pucn

while the real exchange rate (terms of trade) is given by

R . P i
€, = €= = =~—, 22
! ‘Pu € ( )

By combining equations (14) and (21), and the binding cash-in-advance constraints
for the shopper and the firm of cach country, the loans market clearing conditions

become,

n o= wl, +

Pucyy _ 1-—n Pueciy
1-1 1+i,+1+i,’ (23)

1-n P3C
- —_ o . . — 2l
nt o= wil] + plen =

(24)

1+4; 1+i;°
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The quantity of each currency used in international trade financing is given by
pucy, = n(l+3) — (1-n), (25)
Pucn = n*(1+1;) — (1-n"). (26)
The exchange rate equation can then be derived,
5 = Puciy _ n(l+i) - (1-1) (27)

T phex n(l4ip) - (1-n7)

Equation (27) states that ¢, is determined by the relative quantities of the two
currencies used in international trade financing. This is also the relative size of the
flows of the two currencies to the foreign exchange market at the beginning of the
period, after the current state of the world is known. Given the distribution function
G, the supplies of loanable funds in the two boud markets, n and n*, are independent
of the realization of the current state of the world, so they are constant over time.
Equations (25) and (26) state that the quantity of cach currency used in international
trade financing depends only upon the interest rate on the bonds denominated in that
currency, which reflects liquidity of the market for those bonds. When the liquidity
in the market is high, the interest rate is low, and the proportion of loanable funds
allocated to international trade financing is swall. How ¢, is affected by the taxes
on the international financial transactions is determined by how the interest rates,
i, and 17, respond to the realizations of the curtent values of these tax rates. For
example, if 7, is the only exogenous randowm variable, and 3, 15 assumed to be positive

and constant over time, we have

— — T ——— - atmn s it
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Hence, the changes in ¢, reflect the changes in the relative liquidity of the home
currency-denominated bond wmarket and the foreign currency-denominated bond mar-
ket. When the market for home currency-denominated bonds becomes relatively more

liquid, the home currency appreciates, and €, decreases.

The Allocations of Loanable Funds

Though equation (14) describes an allocation of {oanable funds across economic
agents in the two bond markets, by, =i, b},, and z;,, what really matters is for whom
each of the economic activities facilitated by the funds serves. Another allocation of
loanable funds can be derived according to this criterion. Equations (23) and (24)
provide this allocation. The loanable funds in the home currency-denominated bond
market, n, is allocated across the following three uses. The first one, Busu js to finance
the production of good 1 for the consumption of the home representative household.
The second oune, B i to finance the import of good 2 for the consumption of the

home representative household. The third one, %, is to finance the production of

good 1 for the consumption of the foreign representative hiousehold. Similarly, n* is
divided into L'lif-:i‘, ?i]if;;.* and '—’Z;i%, which are for financing the production of good 2
for the consumption of the foreign representative household, the import of good 1 for

the consumption of the foreign representative household, and the production of good

2 for the consumption of the home representative household, respectively. Thus, the

. - - :
home representative houseliold has access to %;—"f units of home currency and 3&‘"7‘
- | §

units of foreign currency. The foreign representative household has access to Bl

1-n*

T units of foreign currency. Equations (23) and (24)

units of home currency and
state that a change in the interest rate of a bond market represents a redistribution
of liquidity across the home representative houschold and the foreign representative

houschold in that market. Anincrease in 7 (¢7) represents a redistribution of liquidity

in the home (foreign) currency-denominated bond market from the home (foreign)
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representative household to the foreign (home) representative household.

Solving for an Equilibrium
The first-order conditions of the representative household’s optimization problem

of each country imply that their consumption, ¢,; and ¢

3o 1 = 1,2, the wage rates,

wy and w}, the market interest rates, i, and i], and the real exchange rate, eF, are

given by

, _ (A =m)p;~* e ey (A=)
¢i(p1e, pa) = 1= + pu'=°]’ SV Py) = T pa ] (28)
1 - N . 1 — "t
"= wp = (29)
— B6py. . 30" p3,
e A rerek (30)
[ “I=5 l= g
C‘ n 1 7,‘ 1 -3
R = -1 = - _ 4 00 )
i C2t [(l-—n l+i:)ﬂ0] [(1—". l+i;)/ (32)

Substitute the expressions (28)-(30), equations (19) and (20), into equations (23},
(24) and (27), we have a simultancous equation system of three equations, (33)-(35),

in three unknowas, py, p3, and é,.

epscz{pp2)=m (1, 12). (33)

-n . . "
n=—=la(p,p) + 6 (1221 + P pe), (34)

| o

. 1—-n" .. . ]
no= g.ﬂi {calpipe) + G (p3,02)) + peca(prp). (35)




61

Epmp;0p and p} = é(l—mn=)’

Ea=7)i-n)

where

The equilibrium prices, p;, and p3,, and the exchange rate, ¢, can be expressed
as functions of 7, n and n* only. By substituting these three functions and the

expressions in (30) into (31), the equilibrium values of n and n* can be solved.

2.4 Comparative Static Analysis

How alternative realizations of the taxes on international financal transactions af-
fect equilibrium allocations and prices can be analyzed by performing a comparative
statics exercise. As mentioned in Section 2, the taxes on the home financial interme-
diaries’ purchases of bonds issued by foreigners are prohibitive. What really matters
is the presence of the taxes but not the level of the tax rate, 5. The imposition of
capital controls by the home government restricts the world economy to be in the
equilibrium in which each of the Lorrowers only borrows from the financial interme-
diaries of his own country. From now on, 5 is assumed to be positive and constant
over time. The only exogenous random variable is the tax rate on the home country
residents’ purchases of foreign currency imposed by the home government, 7. Given
the distribution function G, n and 1" are coustaut over time. By totally differentiat-
ing the simultaneous equation system, equations (33)-(35), we can derive the effects
of the changes in 7, on the equilibrium values of the exchange rate, €, the home price
of good 1, p, and the foreign price of good 2, p3. The effects on other macroeco-
nomic aggregates can then be caleulated. Table 2.1 summarizes the results of this
comparative statics exercise, while the details are in Appendix 1. It is shown that
the effects depend critically upon the value of the constant elasticity of substitution

in consumption between the two goods, 0.1% These results will be illustrated in the

*The utility function is Cobb-Douglas if ¢ = 1. The two goods are gross substitutes if ¢ > 1.
They are gross compleents if 0 < o < 1.




following discussion.

Given a fixed policy rule, represented by the distribution function G, this com-
parative statics exercise is performed across states of the world. Cousider a larger
realization of the tax rate, 7. As the taxes are paid in units of home currency, this
increase in T reduces the supply of home currency in the foreign exchange market
at the beginning of the period. The home government withdraws 7z, units of home
currency from the world economy. From equation (21), it is clear that if the other
variables do not adjust in response to the increase in 7, € and ¢} will fall as the same
proportion as (1 — 7) does. These initial changes in ¢ and ¢} will generate liquidity
effects in the bond markets of both countries.

As the foreign importer obtains less home currency through the transactions in the
foreign exchange market, the demand for home good by the foreign importer, ¢}, falls.
This, in turn, reduces the demand for hvme currency of the home firm for finarcing
its production. There is an excess supply in the home currency-denominated bond
market. The interest rate 1 falls to clear the market. The loanable funds in the home
currency-denominated bond market is reallocated from the home firmm to the home
importer. The hotne economy’s employment level, I, and output, Q, decrease, while
D nses

Though the home government withdraws home currency through the foreign ex-
change controls, liquidity of the home currency-denominated bond market increases.
This is because the taxes reduce the forcign representative houschold’s access to home
currency. Equation (23) states that the deciease in ¢ represents a redistribution of
liquidity in the home curtency-denominated bond market from the foreign represen-
tative household to the home represcutative houschold, The imposition of the foreign
exchange controls on the home representative houschold effectively places a restrice-

tion on the foreign representative houschiold’s access to the liquidity in the market

for home currency-denominated Lond.
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How the liquidity effects in the home economy transmit the impacts of a larger
realization of the tax rate, 7, to the foreign economy depends critically upon the value
of the constant elasticity of substitution in consumption between the two goods, o.
If the nominal good prices, p; and pj, and the interest rates, i and i*, remain un-
changed, the decrease in ¢ will reduce the relative good price in the foreign economy,
p3/pi, while it will not affect the relative good price in the home economy, p2/p;.
The liquidity shocks induced by the increase in r will be transmitted to the foreign
economy by way of the decrease in p;/p;. There is an expenditure switching effect.
The expenditure share of good 1 in the foreign shopper’s budget constraint, pjc; ,
falls, is unaffected and rises in the cases of 0 > 1, 0 = 1 and 0 £ ¢ < 1, respec-
tively. Therefore, for o > 1,0 =1 and 0 € 0 < 1, the demand for loanable funds
by the foreign importer for financing the import of good 1, z§, decreases, remains
unchanged and increases, respectively. There is an excess supply (demand) in the
foreign currency-denominated bond market in the case of ¢ > 1 (0 < 1). The inter-
est rate ¢* falls (rises) to clear this bond market. The loanable funds in the foreign
currency-denominated bond market is reallocated from the foreign importer (foreign
firm) to the foreign firm (foreign importer). The foreign employment level, I*, and
output, Q°, increase (decrease), while pj falls (rises). Ouly in the case of ¢ = 1, the
foreign economy is insulated from the liquidity shocks induced by the changes in the
policy of the home country’s government.

The reallocation of the loanable funds in the two bonud markets affects the supply
of each currency in the foreign exchange market, and results in further changes in
the exchange rate, é. However, it can be shown that for any value of o, the nominal
exchange rate, ¢, falls. The real exchange rate, ¢®, is shown to fall too. There is an
improvement in the home country’s terms of trade.

The results of this comparative statics exercise can be suminarized as follows:

d¢ de® dm di dzy, di
-— <40, N ) - ) o - hry " g ’
& < & <V <0 b 20 <o, Vo,
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. dpy . i~ . dzp o odlr
sign == = sign o— = sign —= = —sign o = sign (1 — o).

For different values of o. different comovements of the variables in the two economies

will be observed, sign cov(l,{*} = sign cov(Q.Q") = —sign cov(i,i*) = sign(l-o0).

Welfare Analysis

Stockman and Hernandez (1988) find that given the probability distsibutions of
the home government policies, the realization of a higher tax rate on acquisitions of
foreign currency generally reduces the utility of the home country’s representative
household, while raising the utility of the foreign representative houschold. These
welfare changes are due to aggregate wealth effects and substitution cffects generated
by the increase in the tax rate. This paper emphasizes the role of liquidity effects.
The following discussion shows that in this model, tie welfare implications of changes
in the tax rate are diffcrent from those in Stockman and Hernandez (1988).

We now investigate how a larger realization of the tax rate 7, given the distribution
function G, affects the welfare of the two countries’ representative houscholds. From

the comparative statics exercise. we have

dg, de; dl
-JT->0, —_dr<0' }7;<O’ Vo,
. deg . deg . d"
sign —— = sign —= = sign oo = sign{ec — 1).

It is obvious that the welfare level of the home country’s household is improved
by the increase in 7 if 0 < ¢ < 1. Consumption increases and work effort decreases.
While for the case of ¢ > 1, the chiange in welfare of the home country’s houschold
is ambiguous because ¢; rises, [ falls. but ¢, falls.!’ The changes in the welfare of the

foreign representative household are ambignous for the cascs of o - 1and 0 < o < 1.

111¢ can be shown that the proportional change in ¢ is larger than the propo-tional change in
;. If initially, ¢; is either larger or not substantially less than ¢y, the welface of the home country’s
household will be itnproved.
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Only for the case of @ = 1 can it be shown that the welfare of {he foreign representative
household is worse off. The changes in welfare of the two countries’ households are
induced by the redistribution of liquidity in the two bond markets. There are two
sources of welfare changes. The first one is from the changes in the employment levels.
The second one is from the changes in consumption.

Let consider first how liquidity in the home currency-denominated bond market is
redistributed as a result of a larger realization of 7. On the one hand, the allocation
of n across economic agents, given by equation (14), indicates that the allocation
of liquidity to the home firm, by, falls. Thus the employment level (work effort) of
the home economy, [, falls. This improves the welfare of the home representative
household. On the other hand, the allocation of n across the two countries’ repre-
sentative households, given by equation (23), indicates that an imposition of taxes
on the home country residents’ purchases of foreign currency effectively places a re-
striction on the foreign representative household’s access to liquidity in the market
for the home currency-denominated bonds. A larger value of 7 makes this restriction
become tighter, and this benefits the home representative household by increasing its
access to the liquidity in this market. Recall that equation (23) implies the allocation
of liquidity across the two representative households for them to facilitate the acqui-
sitions of their consumption goods. Hence, redistributing liquidity fro:a the foreign
representative houseliold to the home representative houseliold improves the home
country household’s welfare, while reducing the welfare of the foreign household.

In addition, the liquidity effccts in the home economy will be transmitted to
the foreign economy by way of the changes in the relative good price in the foreign
economy, p3/p;. Liquidity in the foreign currency-denominated bond market has to
be reallocated for the case of 0 > 1 and 0 € ¢ < 1. For the case ¢ = 1, liquidity
and the interest rate, 7, are unaffected. Thus the welfare of the two representative

houscholds are affected by the liquidity effects in the home economy only. The home
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representative household has a welfare improvement while the forcign representative
household’s welfare decreases.

For the case ¢ > 1, less foreign currency is allocated to the foreign importer, 13
falls, and i* drops. The employment level (work effort) of the foreign representative
household, I*, increases, and this reduces welfare. Equation (24) shows that liquidity
is redistributed from the home representative household to the foreign representative
household. This redistribution of liquidity in the foreign currency-denominated bond
market reduces the welfare of the home country’s household and increases the welfare
of the foreign household. As these redistributions of liquidity in the two bond markets
affects the welfare of each household in opposite directions, the welfare chaunge for cach
household is ambiguous.

For the case 0 < ¢ < 1, liquidity in the market for foreign currency-denominated
bonds falls, z§ increases, and :* rises. The employment level, [*, falls, which results
in a welfare improvemcent for the foreign household. The increase in i* represents
a redistribution of liquidity from the foreigu representative houschold to the home
representative household. The redistribution of liquidity in the market for foreign
currency-denominated bonds reinforces the welfare effects caused by the redistribution
of liquidity in the market for home currency-denominated bonds. The home country’s
household is better off, while the foreign household’s welfare change is ambiguous.
This is because the reduction in the supply of work effort, I*, affects its welfare in
a direction opposite to those effects induced by the redistribution of liquidity across
the two representative households in the two bond markets.

To summarize, the existence of the cash-in-advance comstraints imposed on all
transactions produces distortions in the wotld economy. The effects of the foreign
exchange controls ou the welfare of cach of the hou.wlw.lds in the world economy

depends upon how the liquidity coustraiuts of eacli houschold are affected. There will

be a welfare improvement if the restrictions effectively loosen the liquidity constraints.
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2.5 Welfare Implications of Changes in Policy
Rules ‘

The previous discussion investigates alternative realizations of the tax rate on the
home representative household’s purchases of foreign currency, 7, given a fixed dis-
tribution function G. In this section, the effects of changes in G are studied. The
distribution function, G, is interpreted as a fixed policy rule with randomness. Thus
changes in G can be interpreted as changes in the home government’s policy rule. To
keep the calculation sin'ple and manageable, we adopt the following two simplifica-
tions.

First, only the case in which o = 1 will be cousidered. Here, liquidity effects occur
in the home economy only. There is no redistribution of liquidity in the market for
foreign currency-denominated bonds. With *he assumption of ¢ = 1 (Cobb-Douglas
utility function), we have pyey = pycy = 1 (1-n), and pjc;, = pics =
1 (1 - n*). Equations (23) and (24) can be rewritten as

1-n (1=-n)1-7)

= (l=w)q + 3 (1-n)1-7)g?, (3)

1+, 2(1 +i,)?
- 1-n° (l-n.) — - - l - «2
where = 1 and ¢ =
=15 =Ty

It is obvious that ;] and ¢; are coustant and independent of the realization of 7.
Second, assume that there are only two possible states of the world, (14,7) and
(r8.1). where 5 is positive and constant over time. The distribution function G is a

function of 7, only. The random variable 7 has density given by

Nl

for r=74 or T=71y,

g(r) = {
0 otherwise.
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Let ¥ and Var(r) denote the mean and the variance of 7, respectively,
1 1 5
= E(TA + 18) , Var(r) = Z(TA —T8)°.

From the results in Section 4, if 74 > 7y, then we have
a a ~R R - ‘ ‘e . Ja . __ e
ep <eép, eA<eB’ ta<1ig, 1h =15, qa > Q8 ., 94 = 48>

Cia > Q1B, C24 = €28, la<lp, 4 < Clg, C3a = Ciy L=1y.

where the subscripts 4 and g denote the equilibrium values of the variables in the
two possible states, (74,7) and (75,7), respectively. Equations (31), (36) and (37)
imply that g% = ¢ = #°, n" can be solved by using equation (37), and it can
be shown that n* € (0,1). In addition, we have a simultancous equation system in

three unknowns, n, g4 and ¢g, so that the equilibrium can be solved.

| PAE T N APAR (38)
1 = (%-—1) gs + %(%—1)(1-1’5)%2. (39)
1 1 1

-y == (40)

where (1-1)¢, and i(2-1)(1-7,)q,*, Jj=A,B, arethe shares of liquidity in

the home currency-denominated bond market allocated to the home representative
household and the foreign household, respectively.

Two types of changes in G will be examined. The first is changes in the variance
of 7, while keeping its mean constaut. The second is changes in the mean of 7, while
its variance is constant. The houseliold of cach country adjusts its deposit in response
to the change in the distribution fuuction G. However, in the case of 7 = 1, the for-

eign economy is insulated from the econowmic disturbances of the howe economy. The
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values of n*, i*, ¢°, and p; are constant over time. In the home currency-denominated
bond market, the supply of home currency, n, and the interest rate, i, are adjusted.
There is a redistribution of liquidity in this market. The impacts of the changes in
G on the world equilibrium are illustrated as follows. The details of this comparative

statics exercise are in Appendix 2.

Changes in the Variance of 7

Assume 74 =7, 4+ and 713 =7,—-€ ,withmean 7 =17, and
variance Var(r) = €2 . An increase in ¢ represents an increase in Var(r) , while
¥ is constant, that is, the randomness of the foreign exchange controls increases. By
totally differentiating equations (38} (40), it can be shown that the increase in the
randomness of 7 results in a higher variability of the equilibrium value of each of the
following variables, ¢, ¢, ¢;, ¢}, ;1 and p;. However, the expected utility of the home
representative household rises as the proportional increase in ¢, 4 is larger than the
proportional decrease in ¢ 5, and the expected work effort, 7 = 1(l4 + Ig), falls. The
expected utility of the foreigu representative household falls as the decrease in ¢}, is
in a larger proportion than the increase in cjg.

The reasons for the welfare changes are as follows. Let consider an increase in
€. If the supply of the loanable funds, n, is not adjusted in response to the larger
€, there is an expected excess supply of home currency in the bond market. From

equation (36), it is noted that

I~

q 1 or 1 0iy 1 Jip

e " A+(-7)g) 0 (A +ix) 9 ~ (xis) ¢

1
q

Equation (40) is not satisfied. The expected gross interest rate, E[1 + i), is lower
than the rate of time preference, 1/3. Hence, at the beginning of the period, the

home representative household reduces the deposit of home currency in the home fi-

nancial intermediary. This will have an upward force ou i, and n will be reduced until
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E[1+1i] equals to 1/8. In equilibrium, i, falls and ¢ rises. When 7 = r,, the redis-
tribution of the liquidity in the market for home currency-denominated bonds is from
the foreign representative household to the home representative household, which im-
proves the welfare of the home representative household while it makes the foreign
representative household worse off. When r = 75, the redistribution of the liquidity
is from the home representative household to the foreign representative household,
which reduces the welfare of the home representative household while improving the
foreign representative household’s welfare. It can be shown that the welfare changes
in the state 7 = 74 outweigh those in the state r = r5. The expected share of lig-
uidity allocated to the home representative household, E[(1 - 1)q], rises. Thus
the expected utility of the home representative household is increased while that of
the foreign representative household is reduced. In addition, \he expected quantity
of home currency allacated to the home firm falls so that the expected work effect, |,

falls too. This improves the welfare of the home country’s houscholds further.

Changes in the Mean of 7

Assume 714 =7T,+¢ and 7t =71+¢, where 7, > 7 . Thus the
meanis 7= 1(r.+n)+¢ and the varianceis Var(r) = (7, — n)* . A change
in ¢ represents a change in ¥ , while Var(r) is constant. A decrease in € can be
interpreted as a financial liberalization. Performing a comparative statics exercise by
totally differentiating the equations (38)-(40), we find that some of the results are
similar to those of the changes in Var(r) [ see Appendix 2 |.

The home representative household has a welfare improvement while the foreign
representative household’s welfare is lower. The reasons for the changes in welfare
are similar to those of the previous case. In this case, as both 74 and 74 rise, there
is a downward force on i4 and iy. The expected gross interest rate, E|1 + ¢}, falls.

The home representative houschold reduces the size of its deposit which generates an
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upward pressure on E [1+i]. The decrease in n will continue until £ [1+:} equals to
the rate of time preference, 1/3. It is expected that the reduction in n will be larger
than in the case of an increase in Var(r), because an increase in the randomness of 7
affects the interest rates of the two states in opposite directions. In equilibrium, z4
falls and ig risec. It is noted that for equation (40) to be satisfied, the movements of
i1 and ig have to be in opposite directions. As the proportional change in i 4 is larger
thaa the proportional change in ig, the welfare changes caused by the redistribution
of liquidity in the state r = 74 outweigh those in the state r = 73. Hence, the
expected utility levels of the representative households of the home country and the

foreign country rises and falls, respectively

2.6 Conclusion

This paper presents a two-country, two-good, two-currency cash-in-advance model to
study the effects of taxcs on international financial transactions. The role of financial
intermediaries in allocating the liquidity across the participants in the international
financial markets is emphasized. The liquidity effects induced by these controls-on
international financial transactions are studied. In this model, when capital controls
are the only limitation on international financial transactions, capital controls have
no real effects on the world econom:y. The availability of unrestricted trading in the
foreign exchange market makes these coatrols become ineffective. They only restrict
the world economy to be in an equilibrium in which each horrower takes loa s only
from the financial intermediaries of his own country, but the real allocation of the
economy is identical to that in the equilibrium of the model with no controls on inter-
national financial transactions. Ho (1992) has shown that, in that model, there is a
continuum of equilibria with identical real allocations, while each has a distinct allo-
cation of the loans. However, when capital controls are imposed simultaneously with

the fcreign exchange controls. international capital flows cz  be controlled effectively.
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These controls have real effects on the world equilibrium.

The impacts on welfare and macroeconomic aggregates depend critically upon the
value of the constant elasticity of substitution in cousumption between the two goods.
Though the taxes are explicitly imposed on the home representative houschold, they
effectively restrict the foreign representative household’s access to the liquidity in the
market for home currency-denominated bonds. These restrictions induce redistribu-
tion of liquidity in each of the bond markets. Hence, there are fluctuations in the
exchange rate and the interest rates on bonds denominated in the currency of either
country. As real activity of the world economy is affected, these taxes also have
impacts on the welfare of each representative household. If a representative house-
hold’s liquidity constraints are effectively loosened by these taxes, its welfare will he
improved.

In addition, the discussion of the changes in the home government’s policy rule
may be interpreted as finanaal liberalization or deliberalization, depending upon the
directions of the changes. It suggests that the common argument for financial liberal-
ization, which claims that it can improve the country’s welfare, i1s not necessarily true.
The controls on internatiocral capital flows can restrict foreigners’ access to liguidity
in the domestic financial market, which is in favor of the domestic residents. When
the economic agents are subject to liquidity constraints, liquidity effects induced by
these controls shouid be taken into account. Previou: vork on capital and foreign ex-
change controls has overlooked the role of these liquidity effects in the determination

of the effectiveness of these controls.
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Chapter 3

Imperfect Information, Money,
and Economic Growth

3.1 Introduction

This paper presents an endogenous growth model with financial market imperfections
to study the effects of money growth on cconomic growth, and to examine the role
of informational imperfections in the determination of the equilibrium growth path.
The connection between money and economic activity and the economic significance
of financial market imperfections are both investigated here within the context of an
endogenous growth model.

Money has been incorporated into the neoclassical growth wodel in a large litera-
ture or. money and growth. Tobin (1963) models money as a net asset of the private
sector. The existence of uncertainties with respect to the timing of payments gener-
ally causes individuals to hold a portfolio which consists of both physical capital and
real money balances. Higher money growth reduces the real value of existing cash
balances. This results in portfolio substitution which in turn leads an increase in the
economy’s steady state capital stock. Levhari and Patinkin (1968) assigu two different
roles to money - either as a cousumer’s or a producer’s good. That means, the role of
mouney determines whether money enters the utility function or the production func-

tion. Their results suggest that money growth can either raise or lower the steady

74
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state capital stock. Some studies of mouncy and growth using the cash-in-advance
approach, | see for example Stockman (1981) ], show that when a cash-in-advance
constraint is imposed on both consumption and investinent, the correlation of money
and capital stock of the economy is negative.!

Recently, endogenous growth models have become the new direction in the lit-
erature on economic growth. The neoclassical growth model is modified so that it
can display endogenous steady state growth. However, in most of these endogenous
growth models, there are no roles for money and financial structure in the economy.
With the development of endogenous growth theories, it seems to be beneficial to
reexamine the link between money and economic growth within the context of an
endogenous growth model. Howitt (1990) modifies the money-and-growth model of
Levhari and Patinkin (1968) to incorporate the transaction-impeding aspect of infla-
tion, endogenous growth of technology, and externalitics. He finds that the model
can magnify the nonsuperneutralities of money. The negative effects of long-term
monetary expansion on economic growth and the real rate of interest can also be
derived in his model. Gomme (1991) studies the welfare costs of money growth in an
endogenous growth model with cash-in-advance constraints on consumotion. With
the existence of the cash-in-advance constraints, money growth reduces labor supply
by lowering the effective return on working. Consequently, the real rate of growth
of the economy is lowered by the money growth. In coutrast, this paper introduces
money to the model as one of the portfolio choices of individuals.? This approach
to modeling the role of money results in a pesitive correlaticn of money growth and
economic growth.

For the financial aspects of the economy, the recent developments in modeling

't is noted that in all of these neoclassical growth wodels, economic growth is exogenously
determined by technological change. Money can affect the level of output by altering the level of
capital stock of the econotny, while it has no effect on the economic growth rate.

1Unlike Tobin (1965), there is no uncertainty in the timing of payments in this model. The
diminishing returns to capital in the production techinologies induce individuals to include money in
their portfolios.




financial intermediation have been applied within the coutext of husiness cyele models,
for example, Williamson (1987a) and (1987h). and Bernanke and Gertler (1988).
Their results suggest that the explicit modeling of private information can provide new
insight into understanding macroeconomic fluctuations. This paper follows their line
of research to model private information explicitly, but applying this in an endogenous
growth environment. The impacts of the asymmetric distribution of information
across lenders and borrowers on the determination of the cquilibrium growth path
are examined. Effects of changes in money growth on the cconomic growth rates in
economies with and without private information are also compared.

There are some recent studies on the relationship between financial intermediation
and economic growth. For example, Greenwood and Jovanovie (1990) study the link
between economic growth and the distribution of income, and the conneetion between
the development of financial structure and economic development. Bencivenga and
Smith (1991) analyze the conditions which imply that the development of financial
intermediation will increase the real growth rate. Bencivenga and Smith (1990) in-
vestigate the optimal degree of financial repression in a developing country faced with
a sustained deficit that must be monetized. Unlike these papers, onr focus is on the
role of private information in investmwent opportunities in the determination of the
equilibrium financial structure and economic geowth, which has not been addressed
in these other analyses.

In this paper, a set of risky investment projects is introduced to a Romer (1986)
.ype growth model. The financial stiucture of the cconomy depends on the distribu-
tion of information across lenders and borrowers in the credit market. If the riskiness
of the investment projects is private informsation, internal finance constraints will
arise endogenously in equilibrium. The loan market is shut down by a severe adverse
selection problem. Agents with high quality projects (projects with high success

probalilities) face biuding internal finance coustraints, so that their projects suffer
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from underinvestment problems. Morcover, there is a misallocation of investment in
the economy with private information. Hence, the economy will grow slower in the
imperfect information case than in the full information case.

It is shown that changes in the moncy growth rate have qualitatively similar effects
on the endogenous growth rate of the economy in the full information case and in the
imperfect information case. However, these effects are quantitatively different. An
increase in money growth will enlarge the the difference between the economic growth
rates in these two cases. Because of the existence of binding finance constraints,
those agents subject to binding finance constraints are restrained from adjusting
their portfolio in response to the changes in the market rate of return. Therefore,
the economy with private information is less responsive to monetary shocks than the
economy with full information.

This result contradicts the popular view that informational imperfections in credit
markets or borrowing constraints tend to amplify the impacts of policy interventions.
Models of imperfect information in credit markets like Stiglitz and Weiss (1981), and
Greenwald and Stiglitz (1988a) typically imply that competitive credit markets may
be characterized by credit rationing if there are informational asymmetries in credit
markets. Greenwald and Stiglitz (1988Dh) analyze the macroeconomic consequence of
informational imperfections in equity market by simply imposing exogenous finance
constraints on the economic agents. These models suggest that, by changing the fi-
nancial positions of the agents who have been credit-constrained, economic shocks will
have important and significant effects on the behavior of these agents. Consequently,
these models couclude that, with the presence of imperfect information, the economy
will be affected more dramatically by the changes in the economic environment and
policies than if there is full information. However, our model predicts the opposite.

The remainder of the paper is organized as follows. The model is presented in

Section 2. The equilibrium growth paths of the economies with and without private
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information are compared. In Section 3. the economic mmplications of informational
asymmetries to the effects of changes in money growth are discussed. The conclusion

is in Section 4.

3.2 The Model

An endogenous growth model with risky investment projects is now preseated. Roaer
(1986) makes sustained growth feasible through a combination of aggregate increasing
returns and diminishing private returns to capital. This paper follows Romer’s ap-
proach to modeling the externalities in production. This approach allows the loag-run
growth rate to be an endogenous outcome of time invariant technologies. Economic
growth is driven by the endogenous augmentation of the capital stock in the econ-
omy. Preferences and production possibilities are restricted so that the economy can
display steady state growth. In order to study the role of informational nuperfections
in financial markets for the determination of the equilibrium growth path, a set of
risky investment projects is introduced to the capital goud sector of the model. The
demand for and supply of external financing arise endogenously from the heterogene-
ity of the projects owners’ investment decisions. In the presence of credit market
imperfections, their investment decisions will be affected asymmetrically by changes

in the economic environment or in policies.

3.2.1 Economic Environment

This economy consists of an infinite sequence of two-period-lived overlapping gener-
ations. Time is discrete, and indexed by t = 0, 1,---. There are two goods in this

economy, a non-storable consumption good and a capital goud.

Preferences and Endowments

At t = 1, there is an initial old generation endowed with an initial per capita capital
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stack, k,. Assumne that there is no population growth in the economy. In each period,
a continuvm of young agents, distributed over the unit interval, is born. Each agent
lives for two periods. All agents are assumed to have identical preferences. The utility

function of agent ¢ who is bora in period t is given by

U:( :t’ Cilu’l ) = :H-l ’ (1)

where C}, is the consumption of agent ¢ from generation t in period j, yj=t, t+1.
Each young agent does not value the first-period consumption, his welfare depends
only on his second-period consumption. In his first period of life, each agent is
endowed with a single unit of labor, which is supplied inelastically, and an investment
project characterized by a distinct success probability, which can convert the current-

period consumption good iuto the next-period capital good in the event of success.

Production
The non-storabie consumption good is produced from capital and labor by perfectly

competitive firms according to the following production function,
Ql = Q(:h Il, Z() = AZQ’ Igl-o Z‘l—d’ g c (0, 1), (2)

where A is a positive parameter. The output level of the consumption good produced
by a firm, Q., depends on the firm-spedific inputs of labor, !, and capital, z,
and on the aggregate level of knowledge in the economy, which is represented by
the economy-wide capital stock in period ¢t. Z,. The aggregate level of knowledge
has a positive external effect in the production of the consumption good. Hence the
production function Q exhibits social increasing returns to scale in production. Given
the specification of this production function. Z, [, can be interpreted as the “efficiency
units of labor”.

Because of the assumed howmogencity of Q with respect to the factors of produc-

tion, z; and [, perfectly competitive firmns earn zero profits. The scale and number
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of firms will be indeterminate. However, the specification of the number of firms in
the consumption good market is irrelevant for our analysis.

The capital good is produced by an investment technology, which can couvert the
current-period consumption good into the next-period capital good in the event of
success. No labor input is required for the production of the capital good. In each
period, there is a continuum of risky investment projects distributed over the unit
interval [0, 1]. The investment projects differ in risk (the success probabilities).
The success probability of a project is known by the project owner when he is born.
Investment projects are not transferable. Each investment project can be operated
by its owner only. There is a time lag of one period between the investment and the
realization of the output. Hence each agent who decides to operate his project will
invest when he is young. In addition, the capital good cannot be consumed but can
be used in the production of the consumption good.

In period ¢, the owner of project i (the project with probability of success equal
to pu), chooses to invest z; + yir units of the cousumption good in his own project,
where z; is the quantity of the consumption good provided by the project owner
(internal financing), while y; is the quantity of the consumption good borrowed from
other young agents (external financing). The details of the financing decisions will
be discussed in the following sectious. The outcome of investment project e, ky,1s a

random variable

ki with probability p, .

0 with probability 1 — p, .

If the investment project is successful, k.o units of the capital good will be produced,
and available to the production of the consumption goud in period ¢t + 1. If the
investment project fails, nothing can be produced. The distribution of p, across all

of the investment projects in period t is charactetized by a tie invariant distribution
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function F (pi; = pic, with density function f(pi) =1, pe € (0,1), Vt. The
realization of k;; is revealed to everybody at the beginning of period ¢t + 1. In the

event of success, the output level of project i, k,, is a concave function of the input

of the consumption good, (ri + yuj,
kis = &y (u+ g, Yior) = alow+y)" Yeor' ™, a € (0,1), (3
where a is a positive parameter. The total investment of the economy in period ¢ is

Y= ]ol(-’t.'c + yie) dpir . (4)

The term Y;.-; in equation (3) represents the positive external effect in the production
of the capital good. The productivity of investient in period t depends on the level
of technology (knowledge) of the economy which is captured by the total investment
in periodt -1, Y.

It is noted that Y;_, is positively correlated with the economy-wide capital stock
in period ¢, Z,. Thus the role of Y-, in equation (3) is similar to that of Z, in
equaiion (2). In order to have sustained, endogenous economic growth, it is necessary
to have externalities in both of the production technologies for the consumption good
and for the capital good. These positive external effects allow all of the factors of
production (capital and efficiency units of labor) to be reproducible. As production
functions Q aud &, are constant returns to scale with respect to capital and efficiency
units of labor, it will be feasible for the economy to sustain constant growth rates.

Though the outcomes of individual projects are uncertain, by the law of large
numbers, there is no aggregate uncertainty in this economy. Assume that the capital
good depreciates completely after the production of the consumption good. Then, tue
capital stock of the economy in period ¢ + 1 equals the total output of all investment

projects undertaken in period ¢, which is given by

1 R
Zu-x = /u Pt ki dPu~ (5)
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In period ¢ 4 1, the old generation obtains Z,;; units of the capital good. The firms
which produce the consumption good will rent the capital at the market rental rate,

Qe+1 units of the consumption good, for their production.

Government

The government issues fiat money and distributes it to the old agents as lump-sum
transfers. At the beginning of period 1, the government gives m, units of money to
each of the initial old agents. At the beginning of period ¢, cach old agent of generation
t — 1 receives a lump-sumn travsfer of T,.; units of the newly issued money from the
government. Let the growth rate of the mouey supply of the ecconomy be denoted by
#, which is assumed to be constant over time and public knowledge to everybaody.

The evolution equation of the money supply in this cconomy is given by
A/Il = (1 + ”)All-ls

where M, is the economy-wide money stock at the end of j.eriod ¢, The government
is assumed to engage in no economic activity except for the monetary transfers, so

the budget constraint of the government is
ooy = p M,y

Then, the old agents will sell their money holdings, which include the lump-sum
transfers from the government and the money carried from their first period of life,
to the young agents of generation £. Let py deunote the price of money in terms of

the consumption good in period ¢.

Financial Contracts
The as.umption of risk neutrality of the cconomic agents allows us to ignore the role
of financial intermediaries in this economy. Siuce the outcome of each inve stient

project has only two possible realizations and a failute implies zero output, it is obvi-

ous that the optimal financial coutract is a standard debt coutract. This means, the
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financial contract specifies the fixed repayment in noubankruptcy, and the maximum
repayment in bankruptcy. As a borrower gets nothing from his project in the event of
failure, he will declare bankruptcy. With Huited liability, the maximum repayment

of the debt in bankruptcy will be zero.

3.2.2 Portfolio Decisions

Agents only value their second-period consumption, while they are able to earn labor
income only in their first period of life. They must save to finance their second-period
consumption. In every period, each agent can save by way of holding money, investing
in his own project, and / or lending to finance other agents’ projects.

Young agent ¢ of generation t supplies his labor effort to the firins which produce
the consumption good at the market wage rate, w,. Hence his savings, s;, is equal
to w,. Given the preferences specified in (1), the objective of agent 7 is to maximize
the expected value of his second-period cousumption, E[Cf,,]. The agent chooses
to hold the portfolio which maximizes expected return. Let pf,, be the expected
price of money in period ¢t + 1. The expected gross rates of return on money and on
loans traded among the young agents in period t are denoted by pf,, /pe and R,
respectively. Both p{., /pr and R, are denominated in terms of the consumption
good. It is obvious that for the existence of a monetary equilibrium, pf_, /p. and R,
should be equalized.

In the optim~=! portfolio of agent i, he holds m; units of money, invests z,; + yi
units of the consumption good in his investment project, and lends s, — m; py — 24
units of the consumption good to other young agents. To accomplish this optimal
portfolio dedision, agent i borrows y,; units of the consumption good from other young
agents. He has to pay the gross interest rate of r;; units of the capital good in the

event of nonbankruptcy. If the project fails. he will receive nothing from the project,
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and will declare bankruptcy. Thus. the expected return to agei. ¢ of generation ¢t on

his project, R, ,is
R = Pit [a ( Ty + y..)“ Yt-—l‘-“ — P Yit l‘[u»l .

The expected marginal gain from internal financing, which is defined as the expected

marginal return from internal financing net of its opportunity cost 2, . is given by
Ri = piaa(zi+ya) ' Yiad" ™ g — Ry,

while the expected marginal return from financing the project externally is
R"c = pi|aa(x,+ Y)Y i = rul e -

How investment project i will be financed is determined by the relative size of the
expected marginal returns R, and R, . Project ¢ will be jointly financed by internal
and external funds ouly if Ri.=R..

As each investment project is characterized by a project-specific success probabil-
ity, the gross interest rate of external funds in the state of nonbankruptcy, r, may
also be project-specific. The following discussions will show that the determination
of riy and the young agents’ optimat portfolio decisions depend crucially on the dis-
tribution of information across lenders and borrower iu the economy. Two cases will
be analyzed. The first is the full information case in which the probability of success
of each investment project is costlessly observable to everybody. The second is the
imperfect information case in which the probability of success of cach project can be

observed by its owner only.

3.2.3 A Model with Full Information

As the success probability of each project can also be ohserved by agents other than

the project owner, lenders are able to distinguish projects with different expected
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returns. They will charge a higher interest rate, r 0 on loans to a project with
a lower value of p;;. Assume that the loan market is perfectly competitive. This
implies that the expected gross rates of return from lending to different borrowers

will be equalized,
R, = @ E[ra], Vi,

s0 r; is determined by

R,
T = .
qe41 Put

Furthermore, the zero-profit condition for lenders implies that the expected rate of

return on loans should be equal to that on money, that is, R, = pf,.,/p. As there is
no aggregate uncertainty in the economy, the expected values of the rates of return
are respectively equal to their actual values in equilibrinm.

The optimal level of investment, &, + y., is implicd by the following first-order

condition
piaa(Zi+yu) ' Vo' @ — R = 0. (6)

In the equilibrium the expected gross market rate of return on loans (the opportunity
cost of internal funds), R, is always equal to the expected cost of external funds,
q@t+1 E[ri]. Consequently, the quantities of internal and external financing, z;; and
Vit , are indeterminate. It is because the expected marginal returns fla = R,
agent i is indifferent between internal and external financing. This indeterminacy in
the financial structure is just an example of the Modigliani-Miller theorem. With
complete markets and complete information, the financing decision of an investiment
project does not matter. There is also an indeterminacy in the portfolio decision,
(2ie, mi ), because the expected rates of return to holding money, lending and the
expected cost of external funds are equalized in the equilibrium.

The total investment of the economy in period ¢ can be derived by substituting

equation (6) into equation (4). Then we lhave




o .
i~a 1 —a
- Y__ [(l(lqt+|] ]
Vo= Yoo = 2-a

(M)

The allocation of the aggregate savings of generation t, S;, between money and

investment should satisfy

Se=squ=w=Mp+Y.

(8)

By using equations (3), (5) and (6), the capital stock of the economy in period ¢ + 1,

Z¢+| ' will be
aad Gy ]TE: l1-«

& | 31-a

Z¢+1 = aY_, [ -

Equilibrium

(9)

In the competitive equilibiium of the cconomy, each young agent maximizes the ex-

pected return of his portfolio, taking the set of pricing rules and the government’s

monetary transfers as given, and all markets are cleared each period. The market-

clearing conditions Zor the economy are as follows,

labor market: =1,
the capital good market: n =2y,
) 1 1
the consumption good market: / Cildpigy + / (£ + vie ) dpiy = Qy,
(i 0
1
money market: M = / my dpjy
0
1 1
loan market: _/0 Yu dpi = / (Su —mig — x4 )dpy.
0

The equilibrium rental rate of capital, ¢, , and wage rate, w,, in period t are,

@ =cA

w=(l-a)@; = (1-a)AZ.

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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In addition, the gross rates of return on loans and money are equalized in equilibrium,

t+1

R = ‘-;-)-‘-- . (17)
Balanced Growth °
The long-run properties of this economy will now be examined. With the specification
on preferences and technologies in this model, the economy exhibits steady state
growth. The balanced growth path of this econonty is endogenous and deterministic.
Denote the growth rate of a variable n as g, (e Y4 g0 = nmy/ne). Along a
balanced growth path, output levels of the consuniption good and the -apital good,
consumption, investment, wage rate of labor and the price of money are all growing

at the same rate, g. Any feasible balanced growth path requires

9Q =9z = 9ci = Gy = Ys, = Yy, = o T ¢y = 4,

and the growth rate of money supply, ji, the gross interest rates, By and r,, the
gross rate of return on money, pyy/p, and the rental rate of capital, ¢, are all
coustant over time. These implies that the share of money in the aggregate savings of
each young generation, ( M;p,/S, ), is also constant over time. Then the relationship
between the endogenous growth rate of the economy, ¢, and the exvgenous growth

rate of money supply, u, is
(1+g) = R(1+4). (18)

From equations (7), (15) aud (18), the endogenous coustant economic growth rate

and the gross interest rate can be determined

1 ~all-" )7
l1+g= [aaAa (14 4) [5-_:—-] ] ' (19)
—alte 15
R= [aaAa' (1 4 p)=(1=a) [-;—-:_——:—;] ] . (20)
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From equations (7)-(9) and (18)-(20), the fraction of aggregate savings of each gen-

eration invested in the investment projects, (Y;/S, ), can be derived

K _ _ Mgp: _ oo
'§:—-1 S, —l_a(l+}l). (21)

Equations (19)-(21) shows that the exogenous money growth rate, 4, plays an im-

portant role in the economy. It can be shown that

dR d(Y:/5:) dy
-‘-l—l-; < 0, i > 0, d > 0.

An increase in p implies a faster growth in the money supply. The price of money
in units of the consumption good, p:, decreases over time. Young agents shift from
holding money to lending or investment. The shifts in their portfolio decisions reduce
the gross market interest rate, R, and increase the share of total investment in aggre-

gate savings, (Y:/5:). As a result, the endogenous growth rate, g, becomes higher.

3.2.4 A Model with Imperfect Information

To understand the role of informational impetfections in the economy, we now assume
that the success probabilities are private information. If the success probability of each
project can be costlessly observed by its owner only, lenders are unable to distinguish
the borrowers, and to charge different iuterest rates depending on the riskiness of
individual projects. As all of the economic agents are risk neutral, it is obvious that
a separating equilibrium does not exist. Heunce we only consider pooling equilibria. -

Though lenders have no information on the success probabilities of individual
projects, they know the distribution of success probabilities of the population of
bortowers, F(p, ). In a pooling equilibrium, all agents face the same gross interest

rate in nonbankruptcy, riy = ry, Vi. The expected gross rate of teturn to lenderss is,
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Ry = repeqesrs (22)
where 5, = E[p;] is the expected (average) success probability among all agents j
who seek external financing in period ¢.

To determine how project i should be financed, young agent i compares the ex-

pected marginal returns R, and R,,
R, = [Pieaa(zi+yi)™ "Y' ™ = 11 ) e
R-‘c = [Pitaa(-‘l'.‘c + Yie )a-l Yc-n‘-a -r P.‘a]fhﬂ .

If an agent has a success probability lower than the average success probability among
agents seeking external funds, (i.e., p; < &), this implies that R, < R, . This is
because the expected cost of external funds faced by this agent, r, pjy o4, is lower
than the opportunity cost of internal funds, R,. Then, it is optimal for this agent to
use only external finance for his project, that is, £, = 0. All his labor income should
be saved in the forms of money and loaus only. The optimal quantity of external

financing is determined by letting R, = 0. This implics,

aayi® 'Y\ -

0. (23)
As equation (23) is independent of p;,, the demand for external funds by each agent
1 seeking external financing will be the same, yi; = y. In addition, for external
financing to be feasible, it has to be the case that y, < w, .

If pii > 5:, the expected cost of external financing of agent i is higher than his
opportunity cost of internal financing. That meaus, R, > R,. This agent will
choose to use only internal finauce for his project, thus y, = 0. Agents with p,, = 5,
are indifferent between internal and external financing as R, = R.. It is assumed
that they will use internal financing only. The higher the success probability of a
project is, the more the investment the project owner would like to make. However,

the quantity of internal financing is constrained by the labor income of the project

owner. Let p; be the success probability of the marginal project which satisfies
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plaas? 'Y ' 41 — R = 0. (24)

Therefore, agents with p;; > p; essentially face binding internal finance constraints.
They will choose the maximun level of investment which is feasible for them, that is,
Ty = 34.

For agents with 5, < pir < p;, the optimal quantity of internal financing, z,,, is

determined by letting Ry = 0, that is,
puaazy® 'Y "q — R = 0. (25)

Agent i will save some of his labor income, s,; — r;; units of the consumption good,
by way of holding money and lending. From equations (22), (23) and (25), it is clear
that the quantity of investment of each agent with p;, > 5., =z, is larger than the

quantity of investment of each agent with p, < 5, v .

Equilibrium
There is a severe adverse selection problem in the loan market. Agents who use
external funds are those with high risk, p; < 5. However, in equilibrium it cannot
be the case that all agents have probabilities of success below the average success
probability of all borrowers. As a result, the loan market is shut down by private
information.® Since loan market does not exist, the opportunity cost of internal
funds is equal to the gross rate of return on woney, pi41/p:, only. However, we will
keep using R, to represent p.4,/p; in the following discussions.

In equilibrium, all projects will be financed internally. Agents with p; > p; will
choose z;; = s;. Agents with p;; < p; will determine z,, from equation (25) , and the

demand for money of agent i will be

My = 8y — Ti.

¥This is an extzeme example of Akerlof's (1970) “lemons principle.” He shows that it is quite
poresible to have the bad driving out the good so that there is no trade on the market.
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From equations (3), (4), (24) and (25), the total investment of the economy in

period t and the economy-wide capital stock in period ¢ + 1 are

Y= [1- ;2 ]s, (26)

1 (Y]
Zepr = é’ﬂsta}’t—lba [1 - ;f_‘a] - (27)

In the competitive equilibriumn of the economy with imperfect information, no
loans are traded among agents. Each agent maximizes the expected return of his
portfolio, subject to the fact that external finaucing is not available.* In addition, as
in the full information case, the market clearing conditions (10)-(13) hold, and the
equilibrium rental rate of capital and wage rate of labor are respectively given by

equations (15) and (16).

Balanced Growth
The balanced growth path of the econoiny with imperfect information can now be
determined. Along the balanced growth path, it is required that

9@ =9z = gc, = 9y = Ui T Gw = Gp = G,

and the growth rate of money supply, p, the gross rate of return on money, piyy/pe
the rental rate of capital, ¢, the success probability of the marginal project, p} , and
the share of money in the aggregate savings of each young generation, ( My p/S: ),
are all constant over time. From equations (16), (18), (26) and (27), the equilibrium
balanced growth path can be determined,

]d: , (28)

- 1=-a
- o, P
l1+g [aaAa(l-!-u)p [1 -—--—2_a]

4Bernanke and Gertler (1989) have studied the importance of internal finance constraints in a
business cycle model. They suggest that the presence of informational isnperfections in the credit
markets amplifies the magnitudes of business fluctuations. However, as we will show, this model will
predict the opposite.




p- l-a fﬁ:
R = [a aAo(l+pu) 0" p‘[l - 2_0] ] , (29)
_ l-o _ap?
1+p—2‘,ap_ [1 2_0]. (30)

By combining equations (28) and (30), the endogenous coustant growth rate of this
economy, ¢, can be expressed in terms of the exogenous money growth rate and the
parameters of preferences and technologies only. Furthermore, equations (26) and

{28)-(30) imply that

dp® dR d(Yi/s:)
du < 0, dn < 0, du >

When the money growth rate increases, the price of money in terms of the con-
sumption good decreases over time. The gross rate of return on money falls. Agents
shift from holding money to investing in their own projects. Thus the measure of
agents facing binding finance constraints, (1 — p* ), incrcases. As a greater fraction
of the aggregate savings of the economy is devoted to the investment projects, the
economy will experience a higher growth rate. These effects of an increase in u on
the economy are qualitatively similar to those obtained in the full information case.
However, these effects are quantitatively different in these two cases. A detailed dis-

cussion will be provided in Section 3.

3.2.5 Money and Growth

In the literature on money and growth, the roles of money have been modeled quite
differently. In cash-in-advance models, | e.g. Gomme (1991) ], money is introduced
through a cash-in-advance coustraint on consumption, and higher money growth dis-
courages labor supply by reduciug the effective return to working. This leads agents to

substitute leisure for labor. As a result, output drops, aud the economy’s growth rate
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falls. In transaction-based models, [ e.g. Howitt (1990) |, money enters the models as
a medium of exchange which helps to economize on the transaction costs of exchange.
Higher money growth increases the opportunity cost of holding money. Agents reduce
their money balances so as to minimize the loss of purchasing power. This implies
that more real resources are devoted to facilitate transactions, consequently reduc-
ing economic growth. In contrast, this model follows the portfolio approach. Money
competes with capital for a place in the portfolios of agents. An increase in money
growth induces portfolio substitution. Economic agents shift away from money and
toward physical investment, which in turn raises the economic growth rate. Obvi-
ously, the transmission mechanisms of the effects of higher money growth and the
resulting impacts on economic growth depend on which role we assign to money in
the economy. However, all these roles of money are important in practice.

Gomme (1991) examines the welfare costs resulting from higher money growth
in an endogenous growth model. In our model, the study of the welfare effects of
increases in the money growth are complicated by the externalities in production and
the heterogeneity among economic agents’ investinent opportunities in this overlap-
ping generation setup.> As higher money growth will affect each agent differently,
a mcaningful welfare comparison seems to be very difficult. Loosely speaking, the
welfare for agents of earlier generations will decrease as the output devoted to their
consumption decreases. Higher economic growth means that more output of the
consumption good is devoted to physical investmeut and less can be allocated to
consumption. With time, this negative effect of economic growth on the levels of
consumption will be dominated by the positive effect of the higher balanced growth
rate on consumption. Thus, the levels of consumption for generations far enough in

the future will be increased by the higher woney growth.

$As we know, the presence of externalities and the overlapping generation structure imply that
the competitive equilibrium of the economy in either the full iuformation case or the imperfect
information case is not Pareto optimal.




3.3 Information and Economic Growth

The preceding analysis has shown that ihe economy can sustain constant growth
rates in both the full information case and the imperfect information case. In general
the endogenous growth rates can be greater or less than one. Hence the economy
may experience either positive or negative real growth, depending on the values of
the parameters of preferences, technologies and money growth rate. The role of
informational imperfections in the determination of the equilibrium growth path can
be studied by comparing the equilibrium growth paths of the economies with and
without private information.

It can be shown that, for any set of parsweter values, the economic growth rate in
the full information case, g, given by equation (19), is greater than or equal to the
growth rate in the imperfect information case, g/, given by equation (28). From now
on, we use the superscripts ¥ and ! to denote the variables of the full information
case and the imperfect information case, respectively.

Define A as the ratio of the economic growth rates in the two cases. From

equations (19), (20), (28) and (29), it is found that

S T =S

and 0 < A <€ 1, which is equal to one ouly when p* = 1. It is obvious that the
endogenous growth rates, ¢© and g/, will be the same if the equilibrium success
probability of the marginal project in the imperfect information case, p*, is equal to
one. That is, the measure of agents who face binding internal finance constraints is

zero. Equation (30) implies that

(1-0)(1-a)

F=1 & 1+4u4< (32)

sa(2—-a)
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This condition can be interpreted as follows. Given the parameter values from
preferences and technology, when the growth rate of money supply is sufficiently
small, agents do not have to worry about the loss of purchasing power of their money
balances due to the growth in money supply. Each agent devotes a large fraction
of his savings to money. As the opportunity cost of investiment is so high that each
agent chooses to invest less in lus project. In fact, the quantity of investment of each
agent is less than his labor income. In the full information case, there is no demand
for external funds, thus no loans will be traded. In the imperfect information case,
though external financing is not available, the desired quantity of investment of each
agent can be sufficiently financed by his labor income. No agents face binding finance
constraints. The equilibrinm gross market rates of return, RF and R’ are equal.

This implies that the equilibriumn portfolio decisions in the full information case are
' the same as those in the imperfect information case. Thus, the fractions of aggregate
savings invested in the projects are also the same, (Y:/5:)F = (Y:/5:)’. In both
cases, the expected marginal benefits from investment arc cqualized across all projects
in the economy. Hence the informational asymmetries between lenders and borrowers
in the economy do not matter when condition (32) is satisfied.

When tle growth rate of the money supply is sufficiently high, condition (32) fails
to hold. The presence of private information on the success probabilities of individual
projects results in an equilibrium growth rate which is relatively lower than the growth
rate in the full information case. Since the money growth rate is high, the gross rate
of return on money becomes lower. In the full information case, those agents with
high success probabilities would like to invest more than their labor income, which
they do through external funding. They do not hold any money. For those agents
with Jow success probabilities, the shate of money in each agent’s portfolio is small.
These agents not only invest in their own projects but also supply external financing
to those agents with high success probabilities. In equilibrium, the expected masginal
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benefits from investment of each project will equal to the gross market rate of retura,
RF.

In the imperfect information case, agents also prefer to invest a large fraction of
their savings in projects as in the full information case. However, the loan market
is shut down by the severe adverse selection problem. Agents who desire to invest
more than their labor income are facing binding internal finance constraints. Their
investment is constrained to be equal to their labor income. Agents with low success
probabilities can choose only between money and investment. This implies that the
share of money in each of these agents’ savings will be higher than if there is full
information.

There are two reasons for the endogenous growth rate of the economy to be lower
in the imperfect information case than in the full information case, g¥ > g/. The
first is the underinvestment problem in the economy with private inforination. As
agents with high success probabilities are subject to binding finance constraints, they
invest relatively less than if there is full information. From equations (21), (26) and
(30), it can be shown that in the full information case, the economy will invest a
greater fraction of its aggregate savings in projects than in the imperfect information
case, (Yi/Se)F - (Yi/S:),

_ (%/S)F 20 (2=-a=p") d)
A WEY T 3macapr M g0 (43)

where 0 <A< 1,and A =1 when p* = 1. The larger the measure of agents facing
binding internal finance constraints is, the greater the difference between (Y:/S;)F
and (Y:/S:)! will be.

The second reason for g > g/ is the misallocation problem in the economy with
private information. The expected marginal benefits from investment are equalized

across those projects with p < p* only. For projects with p > p*, their expected
masginal benefits from investment are higher than the gross market rate of return,
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R!. That means, comparing with the allocation of investment in the full information
case, the economy with private information invests too little in the projects with high
success probabilities, and too much in the projects with low success probabilities.
Hence, for any given level of total investment, ¥;, the total output of the capital good,
Zis1, will be lower in the imperfection information case than in the full information

case.

The Impacts of an Increase in the Money Growth Rate

Consider the equilibrium impacts of an increase in g . In section 2, it has been shown
that the impacts of any given change in g on the economy in the full information
case and the imperfect information case are qualitatively similar to each other. The
quantitative differences of the impacts in these two cases are now examined.

The increase in the growth rate of the money supply implies a decrease in the
rate of return on money. As the opportunity cost of investment becomes lowes,
agents will adjust their portfolio decisions by reducing their money holdings. In
the full information case, each agent increases the fraction of savings invested in his
own project. Thus the fraction of aggregate savings invested in projects, (Y:/S: )F,
increases, which results in a higher real growth rate of the economy.

However, in the imperfect information case, agents who have already been subject
to binding internal finance constraints cannot increase their investment. They will
not respond to the decrease in the gross market rate of return. Only agents with lower
success probabilities can respond to the monetary shock by increasing their invest-
ment. Consequently, more agents’ finauce constraints will become binding. As the
fraction of the economy’s aggregate saving invested in projects, (¥,,S;)’, increases,
the economy will experience higher economic growth. However in the imperfect in-
formation case, the increase in y will raise the growth rate of the economy less than

in the full information case.
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Actually, the increase in u causes p° to fall, which worsens both the the under-
investment and the misallocation problems in the economy with private information.

Equations (30) and (33) imply that the ratio A decreases when u increases.

d) dp* d\
R;:)O and —d;<0 = 2;(0.

More agents’ finance constraints become binding. These agents cannot increase their
investment, so that the difference between ( Y;/S: )F and (Y:/S.)! is enlarged. When
more projects’ expected marginal benefits from investment are higher than the gross
market rate of return, R/, the misallocation of investment of the economy becomes
morc severe.

Hence the difference between g© and g’ becomes larger. The ratio of these two

endogenous growth rates, A, falls. From equations (19), (28) and (32), we have

1 dgf 1 rIgP+ 1 ds
1+g! du ~ 14 gF dp (2—a)é du

1 dg! 1 dgf dA
14+9¢! dp 1+gF du and dp <4
l~a
e P dé dp* dé
where 6§ = o 2-a] = >0 and I <0 = d“<0.

It is shown that changes in x will have stronger impacts on the economy in the full
information case than in the imperfect information case. With informational asym-
metsies between lenders and borrowers, agents with high success probabilities face
binding internal finance constraints which restrain them from adjusting their invest-
ment decisions in response to the changes in u. Consequently, the economy will not
be affected as dramatically as in the full information case. The endogenous growth

1ate is less responsive to changes in money growth.




Discussion
The results of this model are contrasted with the mnacroeconomic implications in the
literature. In the literature on credit market imperfections, it is argued that in an
economy with informational imperfections in the credit markets, policy interventions
will lead to larger changes in the quantities of lending than if there is full information.
Models of imperfect credit markets, | see, for example, Stiglitz and Weiss (1981) and
Greenwald and Stiglitz (1988a) ], show that competitive credit markets may be char-
acterized by credit rationing. Policy interventions which raise the supply of credit
will have stronger impacts on the economy as the rationing in the credit markets
is relaxed. Those firms which are previously credit-constrained can obtain credit to
finance their production. The economy’s output will be affected more dramatically
. than if there is full information. Therefore, these models conclude that the presence
of imperfect information in the credit markets tends to amplify the effects of policy
interventions on the economy.

In addition, in the consumption literature, empirical studies on consumption and
borr wing constraints support the hypothesis that the existence of borrowing con-
straints makes consumption more respousive to policy changes. For instance, Zeldes
(1989), Campbell and Mankiw (1990) and (1991) find that the permanent income /
life cycle model is empirically rejected due to a significant portion of the population’s
inability to bortow against their future income. Their work indicates that the mag-
nitudes of the changes in consumption are substantially greater than the predictions
of permanent income model, in which bosrowing constraints do not exist.

In this model, there is an explicit treatment of the informational asymmetries in
the loan market. Unlike those models with fixed exogenous finance constraints, [ for
example Greenwald and Stiglitz (1988b) ], in tLis model, finance constraints on in-

vestors arise endogenously in equilibrium. Since agents with high success probabilities
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are subject to binding finance constraiuts, this model is able to generate an under-
investment result similar to what is obtained in credit rationing models. However,
these finance counstraints make the economy less responsive to policy interventions
rather than amplifying their effects. Those agents who face binding constraints have
already invested all of their resources in their projects. They are prevented from
responding to the changes in the gross market rate of return. Since only a portion
of the population is able to adjust their portfolio decisions in response to the policy
changes, the impacts on the economy will be weaker than if there is full information.

This prediction contradicts the popular view in the literature.

3.4 Conclusion

This paper presents an endogenous growth model with financial market imperfections
to study the role of informational imperfections in the determination of economic
growth. It is shown that the loan market of an economy with private information is
shut down by a severe adverse selection problem. Agents with high quality projects
(projects with high success probabilities) face binding internal finance constraints
so that their projects suffer from underinvestment problems. Moreover, there is a
misallocation of investment in the economy with private information. Any given level
of total investment of the economy will yield a lower level of output of the capital
good compared with the economy with full information. Consequently, the economy
will grow slower if there is imperfect information.

Since money is introduced to our model as an asset in agents’ portfolio, higher
money growth will result in Ligher economic growth. Changes in the money growth
rate have qualitatively similar effects on the endogenous economic growth rate in the
full information case and the imperfect information case. However, these effects are
quantitatively different. An increase in the money growth will enlarge the difference

between the economic growth rates in these two cases. It is because the finance con-
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straints make the economy with private information less responsive to higher money
growth by worsening the underinvestment problem and the misallocation of invest-
ment of the economy. This prediction is quite different from the popular view in the
literature that informational imperfections in credit markets or borrowing constraints

tend to amplify the impacts of policy interventions.




APPENDIX I

Appendix 1 to Chapter 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
(A3, P8, My, MY, M, Mye, Byo, 212} 320,
the household chooses the collection of sequences
(N2 6 G0 Y0y Biy, Z3y, By, 25, 5, HY L K3y, K )20
to maximize the expected lifetime utility
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Define the value fumction corresponding to the foreign household’s rescaled opti-
mization problem J*(m,é, §) by

J (ms 69 5) = os%; /c;,c;.w.b;.x;".ll};xt;l‘.ﬂ‘.k;,k; {U(C‘, c‘z’l ) + B J (m '6 ,5)}(.’6‘8) ’

subject to
my—nt 2 PG +RG,
n"+zt+yt 2 by+2p+b+ 2,
L b; (] - » -
my+za+z;é6-krqg 2 pe,

d

. by
my = 1 [m}+z‘-—y‘:;+p;f'(f1‘)—p;c;-—w‘H‘+w'l‘+~éL6-z;

142z
+(b!+2’) i - (bk+z:)5(l+z)+k;i-qo+1.]’

l - L ) L I L ]
my = m[m;-l-z,,-}-z,eﬁ-i-k,,zq-p;c,].



APPENDIX 11

Appendix 2 to Chapter 1 :

Results of the Comparative Static Analysis

By totally diﬁetentiat-ing equations (57)-(59), we have
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The above derivation is for a general case. Now, we consider the CES utility function

with the form
o ard _ 1
U(er,e3) =g, + ;%)= o=y a<gl,
(1 —oa)pit=
‘l’.‘.‘z[ﬂ+p“_'+ml-. >0,
) Y, ] R . .
l‘.‘,'=-[:‘,_' _21;;‘_’ ) siga(ny;) = sign(o - 1),
o>1 => l1<7;<o, O<mj<o-1,
c=1 = =1, 7ii=0,
0<o<1 = oe<T®; <1, 0’—1<1|’.','<0,
Tit®j=o+1, *i=1+7;,
Xij+xi=0—-1, i +Xj=0,

‘l’n+ﬂ’;l—l = lz|+l':‘= l‘n‘i’l‘l‘z)ﬂ.

By using these properties, it can be shown that

3 = ~Gal(ge+2)mn+ Sei(l + mall(1 + i)

+ (G + ge +2)mm + 7ia) + Feimin(l + ma)l}

A <0, Vo e/[000).
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Open Market Purchases (y)
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Lump Sum Transfers (z)
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APPENDIX III

Appendix 1 to Chapter 2 :

The Results of the Comparative Statics Exercise in Section 4

By total differentiating the simultaneous equation system, equations (33)-(35), we
have the following results,
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APPENDIX IV

Appendix 2 to Chapter 2:

The Results of the Comparative Statics Exercise in Section §

Changes in the Variance of 7
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