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I. INTRODUCTION

In the first half of the 1980s the United States experienced a large
appreciation of the value of the U.S. doilar relative to foreign currencies
in nominal and real terms. The current account of the U.S. balance of
payments also moved from a surplus of $6.339 billion, which was 0.2% of GNP
in 1981, into a series of large current account deficits, as the country
evolved from a net exporter of capital to the rest of the world to a net
importer of capital from the rest of the wor]d.l The current account is
graphed in Figure 1.

Even as the dollar began to depreciate in nominal and real terms,
after peaking in February 1985, current account deficits continued to grow
larger, reaching an annual rate of $164 billion in the second quarter of
1987, which was 3.7% of GNP. The counterpart of such deficits is a flow
increase in U.S. net foreign liabilities. Even though there is some debate
about the exact magnitude of the U.S. net external liability positic , with
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some econcmists, such as Milton Friedman (1987), arquing that the U.S. has
not yet become the world's largest debtor nation since we centinue to
receive substantial asset income, the magnitude of the recent current
account deficits and the rate of change of the current account over recent
years appear perplexing and potentially dismaying.

The purpose of this paper is to provide a perspective on these
phenomena and to assist in the development of a theoretical and empirical
foundation for discussion of the policy issues that are inherent in the
analysis. Is the current account deficit a major policy problem that must
receive high political priority? Has the United States berome unable to
compete abroad, or is the current account merely reflecting normal
fluctuations associated with cyclical fluctuations and differential growth
rates across countiies? Are we impoverishing future generations by
acquiring a massive amount of net foreign liabilities? Should we adopt
protectionist policies that will cut the inflow of imports? Must we have
either further depreciation of the dollar or protection of our industries,
as Rudiger Dornbusch (1987) argues, if we are to achieve external balance
without inducing a recession?

These are important and difficult questions, and I will return to them
briefly in the conclusion of the paper. My primary purpose, though, is to
ask how we should attempt to model these ideas and to examine two
approaches that place other research in perspective.

I first examine the data graphically to summarize the issues. I next
discuss some conventional wisdom that is often cited in policy discussions
and the popular press as explanations of U.S. capital flows. This analysis
focuses on differential growth rates of real income and demand in the
United States and abroad, on the real value of the dollar in foreign
exchange markets, and on the federal budget deficit of the Reagan
administration which is seen as one of the driving forces in the
appreciation of the dollar. This, in turn, is thought to be a major cause
of the deterioraticn in the balance of trade. [ then discuss two types of
dynamic economic theorefical models that could provide explanations of the
phenomena.

The first theoretical model is a version of the lLucas (1982) model
that has become a workhcrse of international financial asset pricing. I
extend the analysis of Stockman and Svensson (1987) who first explored
capitai flows in this two-country framework. Government budget deficits
are not the cause of capital flows in this model since it has the property
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of Ricardian equiva]ence.2 The second model is & stochastic two-country
overlapping generations economy in which the Ricardian equivalence property
does not hold. The stark contrast between the implications of the two
models sets up a discussion of some empirical work that extends the
evidence of Paul Evans (1986).

Additional empirical evidence on alternative models of expected
returns in international financial markets 1is then presented. This
evidence is addressed to the question of whether it is appropriate to use
an assumption of risk neutrality in discussing the evolution of exchange
rates and capital flows.

I1. POPULAR STORIES AND CONVENTIONAL WISDOM

This section discusses the results of several economic analyses of the
U.S. current account that have been advanced in recent years.

Te OFFrciAL EXPLANATION

Chapter 3 of the 1987 Economic Report of the President outlines one of
the popular descriptions of the causes of the deterioration of the current
account balance of the United States. The focus is directly on the trade
balance rather than on the determinants of aggregate savings and
investment. Imports are thought to be determined by the income of .
country and the relative prices or terms of trade that the country faces,
with exports determined symmetrically by foreign incomes and relative
prices. The explanation is the following.

In the years following the 1981-82 recession, U.S. imports grew
rapidly while U.S. exports were stagnant for essentially three reasons.
First, demand in the United States, from ircreased real income, grew faster
than in our developed country trading partners who continued to experience
high unemployment rates and comparatively sluggish growth of their real
economies. Second, the problems of developing country debts, especiaily in
Latin America, reduced demand for U.S. exports to those countries, which
were forced by the debt crisis to expand their exports and contract their
imports in order to avoid acquiring additional debt and to begin to service

2Ricardian equivalence is a property of the equilibrium of an economy in which the mix of
financing of the government sector between bond issues and taxation does not maftter.
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their outstanding debts. Third, the United States became in:reasingly
uncompetitive in world markets as a result of the large real appreciation
of the dollar.

Before continuing to discuss alterr-tive explanations of the current
account, it is useful to examine Figure 2 which places the nominal data of
Figure 1 in perspective by dividing by the nominal U.S. gross national
product. I have also included in Figura 2 the ratios of exports of the
U.S. to GNP (measured positively) and imports of the U.S. to GNP (measured
negatively). Both imports and exports have increased as a percentage of
GNP since the 1960s. The large current account deficit of Figure 1 does
not appear quite so daunting when it is placed in perspective by dividing
by GNP.

The initial deterioration of the trade balance is also not
particularly surprising given the large apnreciaticr of the doliar that
began in 1979. Figure 3 graphs the real exchange rate of the U.S. dollar
as measured by the International Monetary Funds relative unit labor cost.
A large real appreciation of the dollar lowers the prices of foreign goods
in the United States and raises the prices of U.S. goods abroad. The iarge
real depreciation that began in 1985 should similarly raise the prices of
foreign goods in the United States and decrease the prices of U.S. goods
abraad.3

ExpLANATIONS OF LARGE EconoMeTriC MoDELS

The deterioration of the current account has been the focus of a
aumber of recent studies employing large econometric models, and these
studies support the hypothesis that less has changed than one might have
thought from a casuzl glance at Figure 1. The results of several
forecasting experiments are reported in Bryant, Holtham, and Hooper (1988).
Bryant and Holtham (1988) report the results of forecasting experiments
from eight large models, and Helkie and Hooper (1988) report the results of
a partial equilibrium analysis that is essentially based on the U.S.
current account sector of the Federal Reserve Board Multicountry Model.

Given the Lucas (1976) critique of the practice of building econo-

3Feldstein and Bacchevta (1987} cxamine whether the U.S. dollar has actualiy faiten
significantly relative to U.S., tradiang partners. They find, using the fatest multilate -
frade weights from 1984, that! the doilar appreciated in real terms by 40% from Januery 1980
until February 1985, and that Dy May 1987 it had reversed three-fourths of the appreciation.
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metric models without explicit consideration of the maximizing problems of
economic agents, it seems unlikely to me that the large econometric models
are capturing the true economic structure in the economy. Nevertheless,
the models 1incorporate income and substitution effects of current arl
lagged variables, and it 1is interestirg to ask how well the models
predicted the current account deficit of the 1980s given their historical
parameter values estimated until 1980 and the out-of-sample values of real
GNP in the United States and abroad, the respective rates of capacity
utilization, and the course of real exchange rates. This is the experiment
reported in Bryant and Holtham (1988) who conclude (p. 59}, “past macro-
economic relationshivs can successfully predict the deterioration of the
U.S. external imbalance...(since) the predictions were often within a few
billion dollars of the actual deficit in 1986, more than five years after
the start of the dynamic simulations.”

One major reason why large economeiric modeis are not considered
structural is that the distributed lags in their decision rules often can
be shown to be a confounding of the equilibrium dynamic distributed lag
responses of agents due to various costs of adjustment with the distributed
Tags necessary to forecast relevant state variables. If the large econo-
metric models continue to track the current account in dynamic simulations,
one reason may be that the forecasting problem has not changed. In this
sense the structure of the economy is not different.

Similarly successful out-of-sample forecasting results are reported by
Helkie and Hooper (1988). Their model breaks the current account into a
nineteen-equation system with the major component, merchandise trad:, being
comprised of an eight-equation system. Four equations are for the volumes
of imports and exports of agricultural and nonagricultural commodities. A
fifth models U.S. oil consumptici:, and three equations are for the relative
prices of exports of agricultural and nonagricultural commodities and of
nonoil imports. The specification has been subject to considerable search,
as evidenced by the differences across the lag lengths of relative price
variables in the various equations. The authors also admit that some of
the variables are ad hoc adjustments included because of deficiencies in
the data. Nevertheless, Helkie and Hooper (1988) find that the post-sample
(1985-86) performance of their model has smaller root mean squared
prediction errors than the average in-sample errors.

Given that large econometric models with ex post values of real
incomes and relative price variables can track the current account, is it
fair to conclude that the structure of the world has not changed? It seems
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that the answer is yes, and the interesting issue becomes what the sources
of the fluctuations are in these variables.

The 1987 Economic Report of the President states (p. 97)., “Underlying
these developments are several macroeconomic imbalances, including the
deterioration of the U.S. saving-investment balance that has resulted from
the failure of the Federal Government to bring its expenditures in line
with revenues.”

It is clear that the Report takes as exogenous the government budget
deficit and assumes that the imbalance between government purchases and
revenues is not sufficiently offset by private sector savings such that the
current account must be in deficit. There is a superficial plausibility to
this argument, especially if one looks only at data from the 1980s, because
the size of the federal government budget deficits is roughly of the same
magnitude as the current account deficit.

Before turning to the development of more formal economic models, I
discuss the merits of some analysis of the current account deficit that has
been ‘one by Dornbusch (1987).

An INFORMAL REGRESSION APPROACH

Policy discussions of the U.S. current account often incorporate
simple regressions of the type reported by Dornbusch (1987). He regresses
the U.S. NIPA net exports relative to GNP on 2 constant, a time trend, a
distributed lag of the 1logarithm of the real exchange rate, and a
distributed lag of the logarithm of U.S. demand relative to foreign demand
measured by a weighted average of demand in the OECD countries.? The
regression incorporates a correction for serial correlation. The reported
results for a sample of quarterly data from 1975 to 1986 with t-statistics
in parenthesis are the following:

NET =90.0 - 5.9617og(P/ep*) - 12.23log(D/D*) - 0.04Time + ¢ (1)
(7.86) (-3.78) (-3.68) (-6.18)

§2 = 0.96; rho = 0.43; standard errors = 0.28

4l)r)m!)usch {1987) repcrts that the real exchange rate is the international Monetary
Fund's value-added detlator in manufacturing from the IMF's Internationai Finaacial
Statistics, The ind=x of relative tevels of real gross domestic spending is constructed from
a weighted average of interpolated OECD annual data with weights given by GNP shares.
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Dornbusch (1987, p. 257) states, "The regression shows that real exchange
rates and relative spending levels are significant determinants of net
exports. A 16-percent real depreciation increases net exports by 1 percent
of GNP, as does an 8-percent rise in the level of foreign real spending.
There is an adverse time trend in net exports that leads over a six-year
period to a deterioration in net exports by one percent.”

Dornbusch used the estimated coefficierts to arqgue that the real value
of the U.S. dollar must fall or we must adopt protectionist policies, since
the necessary correction of the current account could not be produced in
sufficient time by an expansion of demand in Europe and Japan. Contracting
demand in the United States by raising taxes is ruied out on the grounds
that it would produce unemployment. It is argued that what is needed is an
appropriate combination of expenditure-switching policies to keep demand
for our products and employment in U.S. production high, with expenditure-
reducing policies to cure the trade balance deficit.

While I do not have space to document the theory underlying this
analysis, Dornbusch's neo-Keynesian policy advice is based on an essen-
tially static theory supplemented with ad hoc dynamics. The key element in
the analysis is the regression. It is the implausibility of faster foreign
growth combined with the size of the coefficient on relative demand that
leads to the call for a change in govermment policy or an explicit drive to
depreciate the dollar in real terms.

There are several potential problems with the regression. One is
simultaneous equation bias. Typical rational expectations models. like the
one presented in the next section, call for simuyltaneous determination of
the current account and the real exchange rate. Another aspect of the
regression that is suspect is the serial correlation correction. What is
the source of the exogenous serially correlated variable that is left out
of the regression? Alternative models of dynamics might call for a lagged
dependent variable. A third problem is the significant time trend. It is
implausible that net exports as a percent of GNP will deteriorate forever
at a rate of one percent every six years. Foreign investors ars unlikely
to finance a deficit forever.

Consider the following regression that is similar to the one above. I
regress the U.S. current account relative to GNP on a constant, trend, one
lag of the dependent variable, and one lag of the logarithm of the real
exchange rate and the logarithm of U.S. real GNP relative to a weighted
average of the real GHP or GDP of France, Germany, Japan, and the United
Kingdom. The data are quarterly, and the sample is 1975:2 to 1986:2. The
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results with t-statistics in parenthesis are the following:

CUR/GNP = 17.13 + 0.78 (CUR/GNP)(-1) - 2.11 log(P/eP*)(-1) + (2)
(1.91) (7.77) (-2.49)
-5.50 log(Y/Y*)(-1) - .0z Time + ¢
(-1.24) (-1.17)

RZ = .94; standard error = .34; Q(18) = 9.10.

The dynamics of equation (2) are very different from the dynamics of
equation (1). The presence of the lagged dependent variable with a
coefficient of 0.78 implies larger ultimate effects of changes in real
relative GNP and the real exchange rate. A permanent 8-percent increase in
foreign GNP relative to U.S. GNP now implies an improvement of the current
account by 2 percent of GNP, and a 16-percent real depreciation improves
the current account by 1.5 percent of GNP. There is also no significant
negative time trend in (2). These are merely the point estimates, and 95-
percent con’idence intervals around these forecasts would be quite large.

Is equation (2) superior to equation (1) for policy purposes? My
direct answer is no, but neither is the latter superior to the former.
What is needed is a better understanding of the stochastic nature of the
economy and the way in which economic agents react in that stochastic
enviromment. It is the role of economic theory to provide this under-
standing, and I now turn to the development of alternative frameworks that
can be used to address the questions of the determinants of the U.S.
current account.

[11. AN EARLY RATIONAL FRAMEWORK FOR
CAPITAL FLOWS AND EXCHANGE RATES

I now discuss a model that is a useful foundation for the economics
behind the informal discussions of the previous sections. The model is
taken from Mussa (1984). Mussa‘'s framework considers a country that is
large in the market for its own goocd but small in the market for worid
assets and the foreign good. While this is probably a poor description of
the United States, the issues herc are sufficiently complicated relative to
some recent arguments regarding the nature of U.S. current account deficits
that a review appears warranted. The model is also sufficiently general
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that these ideas ought to be present in any correct formulation of the
economics of the current account and real exchange rate determination.

The trade balance is derived from an equilibrium condition in the
market for home goods. Foreign demand for the home good is

x % *
dt=-8qt+xt. (3)

It depends negatively on the natural logarithm of the relative price of the
home good in terms of foreign goods, q¢, which is the home country's terms
of trade, and on an exogenous shift variable, x*, An improvement in the
terms of trade is an increase in gy, and this will be identified with a
real appreciation of the domestic currency. The home country's excess
demands for foreign goods, f, and for home goods, d, are specified as
follows:

ft (1 - G)Yt + Bqt - Xt (4)

dy = oY - BGy + Xp. (5)
These excess demands depend on the terms of trade, on an exogenous shift
variable, x, that affects the relative demands for domestic and foreign
goods, and on the excess of expenditure over the value of domestic product,
¥. From a market-clearing condition in the domestic goods market, dg +
d: = 0, and from the accounting identity that the trade balance surplus is
the negative of the excess of a country's expenditures over the value of
its production, the trade balance is found to be

TAt = - Yt = \)(Zt = qt)’ (6)
¥* *
where v = (8 + 8*)/o and z¢ = (x¢ + x¢}/(B + 8 ).
At ary point in time the economy has a stock of foreign asset denoted
Ay that have a return r*. The change in net foreign assets is the value of

the current account, the trade balance plus the income on net forzign
assets:

At"’l - At = “(Z‘E - qt) + I“*At. (7)

The change in net foreign assets is therefore simultanecusly determined
with the real exchange rate, and equation (7} incorporates a crucial
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assumption of a constant real interest rate on net foreign assets.

Clearly, Mussa's equation for the current account is simple, since at
the same values of the exogenous shift variable, zy, and of the
predetermined variable, Ay, the same q; should produce current account
balance. This type of reasoning leads some economists to argue that the
dollar currently must depreciate, since relative to 1580 when the current
account was last in balance, we are now in debt, and the real value of the
dollar is approximately where it was in 1980 but the current account is
still in deficit. Yet, what is zy, and do expectations of the future
matter, since equation (7) is part of a simultaneous system that determines
current and expected future time paths of gi,; and Ay given the current
level of A.?

Given the simultaneous nature of equation (7), a second dynamic
equation is necessary to solve the model, and it is a specification of the
desired flow of expenditure relative to income, i.e., desired saving of
foreign assets. In equilibrium this must be equal to the change in net
foreign assets, and it is postulated to depend positively on the excess of
the level of target net foreign assets, At’ relative to current net foreign
assets, and to depend negatively on the domestic real interest rate, re.
The domestic real interest rate is defined to be the rate of return on
foreign assets minus the consumption share of the domestic good times the
expected rate of change of the relative price of the domestic good. In
Mussa's framework the desired or target level of net foreign assets is
specified as an exogenous variable, hence the second dynamic equation is

r*At - Yt = G(rt - r*) + u(;\t - At), (8)

where r¢ = r* - ofi(qyy) - q3). The left-hand side of equation (8) is the
excess of income over expenditure. The right-hand side indicates that,
when the domestic interest rate is equal to r*, the net foreign assets of
the domestic country converge to their target level at the rate yu, but
desired savings is also assumed to be positively responsive to increasss in
the domestic real interest rate. When people expect the relative price of
the domestic good to fall, the real interest rate is high and people delay
their purchases of home goods, which increases domestic saving.

The solution of the two equation system is a real exchange rate and a
level of net foreign assets that is predetermined. Th=z equilibrium is such
that the real exchange rate is beiow its "long-run equilibrium level” when
the net foreign assets of the economy are below their "long-run equilibrium
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Tevei® as in
Gy = Q¢ + Y[At - Btl (9)

where the long-run ‘evels are not constant. The long-run level ¢f net
foreign assets depends upon the discounted present value of target foreign
assets, an? the long-run level of the real exchange rate depends both upon
the long-run levr:l1 of net foreign assets and upon the discounted present
value of the ezogenous excess demand shifts that are both domestic and
foreign in origin as in

-~

2o
p = (- e)jioe Et[At+j] (10)

bl
il

and

- i
(rt/g)At + (1 - e)jfae Et[zt+j] . (11)

=
i

Although the relationship between the current account and the real
exchange rate is simple, if one knows z;, there need not be a well-defined
relationship between the level of the real exchange rate that clears the
balance of payments at a perticular point in time and the magnitude of the
current account when that real exchange rate is at that same level at some
othzr point in time.

The inadequacy of the model of this section is highliighted by its
inability to address interesting policy issues. Although it is a rational
expectations model, it does not have firm microeconomic foundations for its
expenditure and excess-demand functions. We also need information on
expected future values of exogenous variables that shift excess-demand
functions toward and away from U.S. goods.

Adequate economic models of the current account and capital flows
should be based on maximizing behavior, should be explicitly stochastic so
that they may be addressed to data, and should account for growth of real
income and for the role of the government sector in the economy. Given the
importance of expectations of the future in equation (11}, current modeling
strategies dictate that the model should also have rational expectations.
I therefore turn to the discussion i such models.
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IV. A RICARDIAN MODEL

The purpose of this section is to lay out an explicitly maximizing
rational expectations model that has been used to address issues of
exchange rate determination, international financial asset pricing, and
capital flows. The section builds heavily on Stockman and Sversson (1987).
My basic purpose here is to add government sectors to their framework.5

CountriES AND PrODUCTION POSSIBILITIES

There are two countries, denoted country one and country two, that
each produce a distinct good denoted Yy and YZt' respectively. The goods
are produced with the following production functions:

Yit = Y’i(Kit’ Eit), 'i = l, 2, (12)

where K;¢ is the capital stock employed in country i, i = 1, 2, at time t,
and e5¢ is a stochastic productivity shock. The capital stocks are
predetermined at time t. The productivity shocks are in the time t
information set and are assumed to be independently and identicalily
distributed.

The arrangement of markets for goods and assets foilows the original
timing of the Svensson (1985) model with the goods market open in the
beginning of a period after the realization of the ctate. #gents are
constrained to purchase gcods with monies carried intc the period from the
time t-1 asset market. After the closing of the goods mark:t, the asset
markets open. The key assumption is not the beginning or end of period
timing of markets, but whether new information is available between the
time that agents make portfalio decCisions and when they purchase goods.
With this timing, the agents may not spend all of their monies, which means
that velocity of circulation can be variable.

GOVERNMENT SECTORS
The government of each country buys some of that country's goods in
the competitive market. The exogenous amount purchased each period is

denoted Git' for i = 1, 2. It is assumed that real government spending is a

5:;ven5son (1287) considers an alterrafive but similar model with exogenous output and
aom‘nal prices that are preset one period in advance.
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stochastic fraction of available output, 634 = G;¢/Yjt» and each 8y, is
assumed to be independently and identically distributec.

Each government is subject to a budget constraint that requires
balance between purchases of goods and taxes collected net of securities
jssued and redeemed. I consider only ncminal head taxes, which are denoted
T3¢, for i=1, 2. Taxes arc p2id to the government at the asset market in
the currency issued by that jcvernment. The governments also issue state-
contingent claims to nominal money, where B;(x;) denotes the amount of
currency i that th: government of country i promises at time t-1 to pay at
time t contingent on the ﬁtate of the world being x;. The assumption that
governments only issue state-contingent claims on their own money stocks is
not substantive. The money stocks are also exogenous and are given by My,
i =1, 2, for the outstanding quantities of monies at the end of period t-
1. The money of country one is called the ®“dollar,” and the money of
country two is called the "pound." The gross rates of money growth are
denoted wjy = Mjg,1/Mjt, and each is assumed to be independently and
identically distributed.

The two flow budget constraints of the governments are therefore

PitGit = Tit + Ini(Xea1s Xp)Bi(Xpa1)dxpaq - Bilxg) + (Migeg - Myg)- (13)

The function n;(xg41, X¢) is the endogenous market determined nominal
pricing function associated with meney i. It provides present values in
terms of money i at time t in state x; of promises to state-contingent
amounts of money i at time t+l, given that state x,, occurs. The dollar
price of good one is denoted Pjy, and the pound price of good two is
denoted Pyy.

The governments are assumed to purchase on credit in the goods
markets. Therefore, the sequence of flow budget constraints fully charac-
terizes the constraints on government behavior if the intertemporal budget
constraints are satisfied. The intertemporal budget constraints are
obtained by forward integration of the flow budget constraints. The inter-
temporal constraints are

s b} _
I Slogenglmean s apes Xpano)9%eud = Bylxg) +
j=0 {14)

« j o
jfoflpit+jsit+j = Mipesen ~ Miee? 15 [ G Xeae1) el
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for i=1, 2. The product operator is defined by ug=1xt+k5xt+1xt+2"'xt+j‘
and it is assumed to be one if j < k. Also, the integrals in equation (14)
are implicitly multiple integrals over  the future states,
dxg 410Xy - Xy 5 Since the nominal bond payments, B;(x), are
predetermined in period t, and because the time series of government
spending and money creation are assumed to be exogenous, the intertemporal
government budget constraint restricts the feasible paths of debt and
taxes.

lucas (1984) and Backus and Kehoe (1987) demonstrate that, in
equilibrium, the pattern of taxation and government budget deficits is not
important in this type of model, as long as the stochastic paths of
government spending and money creation are unchanged. Here, I demonstrate
that the equilibrium values of assets and prices and the equilibrium
decisions of agents are not altered by changes in the timing of debt and
taxes. Hence, budget deficits cannot affect capital fiows in this model.

PReFERENCES AND BupGer CONSTRAINTS

The preferences of agents in each country are assumed to be homothetic
and identical. Agents trade in a number of different assets including the
monies and government bonds of the two countries, the titles to the outputs
of the firms in the two countries, and tax-related assets that facilitate
the discussion of an equilibrium.

The objective function of the representative consumer of either
country is to maximize expected lifetime utility as in

Eo{tﬁce%(clt, C)l 0<8<1, (15)

by choice of consumption of the good of country one, C;;, and consumption
of the good of country two, Cpy. In equation (15), ¢g(-) is the
expectation operator conditional on initial information in period zero, and
g is the subjective discount factor. The period utility function, U(-,:),
is sufficiently concave that the Inada conditions are satisfied and an
internal equilibrium is guaranteed. Agents are assumed to receive either
no utility from government purchases of goods or utility that is separable
from the utility of other goocds.

I follow Stockman and Svensson (1987} and assume that the purchase of
an equity share carries with it the commitment to purchase a pro rata share
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of the investment of the representative firm in capital next period. If
Zyp is the ownership of share i, i = 1, 2, the commitment is to purchase
Z;4Kj¢41 units of output of good i for the firm at the time t goods market,

Information relevant to the decisions for the period is ohtained at
the beginning of the perlod. At thal time the representative consumer
faces two cash-in-advance constraints that dictate the quantities of each
good that can be consumed. In the period t-1 asset market the
representative agents acquire uﬁt of currency i. The cash-in-advance
constraints are

P1¢Ce * PreZieKye = Migs (16)

PorCot + PoelatKat < MBy- (17)

The agent's budget constraint during the asset market requires that
the value of the purchases of assets be less than or equal to wealth at
that time. Sources of wealth are the values of the existing shares in the
firms, any unspent monies from the goods markets, any state-contingent
pcyoffs on government bonds, and the payoffs on the tax-related assets.

let B?(xt) denote the amount of money i that the consumer of country 1
purchased at the time t-1 asset market for delivery a: the time t asset
market, conditional on the state being x;. Let Z;t and Z;t be the holdings
of the consumer of country i of the tax-related assets of country one and
country tuy, respectively. The uses of wealth include tax liabilities and
purchases of new assats.,

“he budget constraint in period t of the agent of country one is
therefore

Mlta1*SiMBren + I (xppqs Xx¢)BRxg )dxeyy +

<

. L. 1
Seimplspars 2p)BBlxe )y ¢ QeZie) * Set%elotel * Qel3er *
(18)

. 1
+ SelatZager < MYy - PredCoy + KppapZpe) ] + SpIMBy - Pyylcyy +

1
P KopaZog) b (Quy + Dy 2y + SeQpy + Dy dpp + (Qgp + D)3 +

1
+ S0+ 05075 + BROxg) + SBROXG) - 1y
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The dollar price of a share of country 1 output fis Qlt' and the dollar
dividend per share is Dy,. The pound price of a share of country 2 output
is Qy¢. and the pound dividend per share is Dj. Similarly, the dollar
price of the tax-related asset of country one s Q3,, and the pound price
of the tax-related asset of country two is Q“. The dollar payoff on the
tax-related asset of country one is D3y = (1/2)’?1t, and the pound payoff on
the tax-related asset of country two is Dgy = (1/2)1p,.

Sorution OF THE AGENT'S PROBLEM

In order to study an equilibrium of this economy, consider the value
furction of the agent's problem. Let Z, be the vector of asset holdings
other than monies. The consumer has current asset stocks and stocks of
money, and he 1is facing uncertainty about the future that can be
characterized by the probability distribution of future states of the
world. Hence, the value function of the agent's problem is

Y(Zyy Migs MBy, x¢) = max(U(Cyy, Cpyp) +
(19)
B/V(Zys1s Mpe1s MBeats Xee1)F(Xpe1lx)dxpy)s

where the maximization is over current choices of consumption goods and new
holdings of monies and other assets and isc subject to the constraints in
equations (16), (17) and (18). Tr assumption of rational expectations is
employed in equation (19) because the conditional expectation of the agent
is taken with respect to the true transition probability of the future
state.

The solution of the agent's problem provides -emands for assets and
goods. An equilibrium path is characterized by equality of the marginal
utility of consumption and the marginal utility of a real dollar, which
incorporates its value in the goods and asset markets. A similar condition
reiates the marginal utility of good two to the marginal real value of the
pound, which is its marginal value in the goods and asset markets. An
important aspect of these two conditions is that the current marginal
utility of consumption is not equated to the marginal utility of wealth
uniess the cash-in-advance constraint associated with that good is not
binding.

The decision to hold an additional unit of nominal money involves a
tradeoff of the product of the current marginal utility of weallh against

the diccounted oxpacted margingl utility of L2 merney in the next period,

N e
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which is the marginal value of wealth next period plus the marginal value
of the money in the consumption good market at that i(ime. The Euler
equations associated with the purchases of shares in the two production
processes require that investment at time L in a titie to future output,
which involves a utility sacrifice given Ly the product of the current
nominal price of the asset measured in dollars and the current marginal
value of dollar wealth, is equal to the expaected marginal utility gain to
purchasing an asset, which is the expectation o7 the product of the nominal
dollar resources available from holding the asset with the marginal value
of dollar wealth at time t + 1. In addition, the holder of stock agrees to
a purchasing contract requiring the purchase of capital for the firm in the
goods market. The nominal dollar value of this commitment times the
marginal value of a dollar in the goods market must be subtracted from the
payoff on the assets.

The purchase of state-contingent government bonds or the purchase and
delivery of state-contingent monies in the next asset market is also
possible. If a unit of money i for delivery in a particular state Xeal is
purchased today, the nominal price is "1(*t+1' xt), and the nrice expressed
in dollars times the marginal value of dollar wealth is the marginal
utitity cost to the investor. The value received in return is the marginal
value of the unit of money conditional on the realization of the particular
state times the marginal utility of wealth in that state times the
probability of that state being realized. These equations must hold for
211 possible future states.

INVESTMENT Decisions OF Firus

The values of the firms depend on the capital stocks and the optimal
investment decisions, Kit+j' for 1 =1, 2 and j = 1, 2, ..., that are
functions of the state at time t+j-1. The firms are assumed to pay out all
of their revenue as dividends; hence Djp = Py¢Yyr and Dpp = P ¢¥p.
Maximization of the values of the firms requires them to have contingency
plans for the capital stocks such that K;,,; equates the marginal utility
that must be sacrificed if an additional unit of investment is made in the
capital stock to the discounted evpected marginal utility gains from having
an additioral unit of the capital stock.

DeriniTion OF AN EQuiLIBRIUM
Given the setup of the model at this point, it is now possible to

dofine an equilibrium. The only equilibriym I consider is the perfectly
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pooled stationary equilibrium of Lucas (1982) who noted that if agents have
the same preferences and 1if preferences are homothetic, the ratios of
consumptions of the goods will be {identical across countries. The
perfectly pooled equilibrium arises when agents have fidentical wealth as
well, and therefore thefr consumption is the same. If the agents in each
country are endowed inftially with the ownership of the production process
of their country and are 1iable for the taxes of their country, the
perfectly pooled equilibrium requires that at initial prices, the wealths
of the two countries be the same. Different levels of wealth will result
in different equilibrium consumption levels, but with the homothetic
preferences, asset prices will be identical.

In the pooled equilibrium, agents share equally the available outputs
of the two goods net of government consumption of the two countries and of
the endogenous finvestment decisfons of the firms, and they hold half of the
outstanding stocks of the firms and the monies with the outstanding number
of shares in the firms normalized to be one., The tax-related assets are in
zero net supply in the world. Since each citizen is liable for the taxes
of his country, the agent of cru.try one holds an asset that s the
liability of the agent of country two, and the asset provides contingent
deliveries of dollars equal to half of the country-one contingent tax
THability. The agent of country two also holds a similar asset that is the
liability of the agent of country one.

Net FoReiGN ASSETS ANp CAPITAL FLOWs

The total dollar value of world &.sets in positive supply consists of
the dollar value of the two production processes, the dollar value of the
money stocks, and the dollar value of outstunding government bonds. In the
pooled equilibrium, the representative agent of each country owns half of
each of these assets. In addition, tha agent of country one owns Lhe tax-
related asset that 1is the liability of Lhe agent of country iwo;
simijarily, the agent of country two owns the tax-related asset that is the
Tiability of the agent of country one.

Net foreign assets of country one in the asset market at time t are
denoted Ayy,1. They are defined to be the value of country-two assets
owned by cousitry one minus the value of country-one assets owned by country
two:
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Alt*l e (1/2)[5t02t + StH2t+1 + In1(xt+l, Xt)st"_lﬂz(xt‘_l)dxt‘_l +
(20)

+ Q3¢ - Oy - Mpgeq - Inp(xeeqs xg)By(xeyy)dxy,y - S4Qq)

From the definitlons of the current account and the capital account, the
current-account surplus of country one 15 its capital-account deficit,
which is the change in net foreign assets of country one,

CArt = PMrtar - Pit- (21)

Although it appears from the definition of Aj4,, in equation (20) that the
current account ought to depend on goverrment bonds and taxes, one major
point about the equilibrium of this model is that the values of net foreign
assets do not depend directly on the financing of the government sector.

To see why, consider the dollar value of the tax-related asset whose
payoff 1is perfectly correlated with the taxes of country one. The
equilibrium price of the asset is found from discounting the value of its
payoffs, which is

%y = jﬁlfl(1/2)‘1t+jl“2:1["l(xt+k' X1 Pl (22)

and from equation (14)
U3p - Jog(xgeps Xp)By(xgap)dxeyy =

- J
jﬁlf{Pit+jGit+j = Miteger - Migeg Teaa [ O Xpapdoxpyls (23

where the left-hand side of equation (23) is what appears in the definit’on
of Ajrsq in equation (20), and the right-hand side of equation {23) is the
present value of nominal government spending beginning in period t+l in
excess of what is financed by money creation. The time pattern of taxation
and bond financing of country one dees not enter the value of net foreign

*ts and cannot be a determinant of capital flows. A similar argument

a1 to th wernment-financing policies of country two. The next

252



section examines a model in which the fipancing of government debt does
affect the equilibrium of the worid economy.

The model of this section is a logical extension of the real pusiness
cycle models that are the focus of much macrocconumic research.6 Capital
filows in this economy are simply the response to equitiibrium risk sharing.
Things that fincrease the value of country one's technology will lead to a
measured capital outflow because they increase the weaith of the foreigner.
Stockman and Svensson (1987) demonstrate how additional covariances of
capital flows and other endogenous variables can be calculated from the
model. I do not undertake any of these exercises because of the simplicity
of the driving processes. Solving the model with more realistic driving
processes appears to require numerical methods.

V. A TWO-COUNTRY OVERLAPPING GENERATIONS MODEL

This section develops a model of maximizing rational agents in a
stochastic environment. Because agents have finite lives and do not form
intergenerational families, the time pattern of government debt does matter
fundamentaliy in this equilibrium.

PREFERENCES AND TECHNOLOGIES

Lonsider a two-country model of a one-good economy. The world is
populated with overlapping generations of agents who live for two periods,
working only in the first. ‘'abor and capital are used to produce a good
that m'v be consumed or invested tu become capital that is employed the
following period. Each country's government buys some of the consumption
good, taxes the youig. anv issues government bonds.

The preferenc~. - 2gents born at time t are identical across

countries and ar

where ciyt is consumption of the young agent of country i at time t. Cyop4q
is consumptior of the old agent of country i at time t+l. The population of

b5ee Volume 21, Mo. 2/3 of the Josrnal of Monetary Economics for an introduction to this
growing body of iiterature, most of which is conducted in a closed cconomy framedork ,
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the generation born at time t in country i is denoted Nit' i=1, 2.
Population growth is assumed to be an exogerous stochastic process.

Assume that an agent supplies a unit of labor inelastically when young
and consumez his savings when old. The first-period budget constraint is

C|yL i uit R T Sit, t=1, 2, (25)

where ”1t is the real wage rate in country i, t;; is the head tax of
government 1 paid only by the young, and Sit is the savings of the young.

I assume that there is a world rental market for capital. If the
state of the world is known before capital has to be allocated, the rate of
return to capital, denoted rys» will be identical across countries. Since
there are stochastic elements in the production process, s will be
stochastic when viewed from periods before the allocation of capital.

I also assume a world bond market for government debt. The government
bonds of countries will only be held if they offer a common competitive
rate of return, rp,, that will be determined in equilibrium at time t-1
when the bonds are issued. 1 assume that the government bonds are default
free and riskless in terms of consumption goods.

let 94,y be the share of savings in either country at time t that is
allocated to risky capital. Since preferences are the same, the portfolio
shares of the two agents are the same. The budget constraints of the old
are

Ciotsl = [(1 # rprag) + 04y (reyy - Thean) IS5es 1= 1. 2. (28)

The technology is assumed to be constant returns to scale with
stochastic productivity. The parameters of the production function are the
same across countries, but the oroductivity shocks are not common. I
follow King, Plosser, and Rebelo {1988) and specify the technclogy as

Yip = Gk Ml =1, 2, (21)

where Iy is labor augmenting technological change, which is assumed to be
a nonstationary stochastic process, Y;¢ s a stationary stochastic process
representing an overall productivity shock, Kijpt is the amount of capital
allocated to the ith country, and full employment is assumed.

Competition for capital across the countries produces a return to
capital that is its marginal product of capital. The two wage rates will be
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different, though, since labor is not mobile across countries and technolo-
gy is not identical at a point in time. The wage rates will be the margin-
al products of labor.

GOVERNMENT BupceT CONSTRAINTS

Government purchases of goods are financed through taxation of the
working young and issuance of government bonds. Let G;; be the purchases
of gocds and By, be the bonds issued by government i at time t. Then, the
government budget constraint in period t is

G{,‘ + Tst.‘t = N“’.Tit + B'lt"'l - B‘lt* { = l, 2. (28)

If government expenditures are an sxogenous stochastic process, tax-
ation must be endogenous to keep government debt bounded. One process that
does this and that is consistent with the stylized fact that government
debt tends to decline over time after large expenditures is

Nittit = Tit 4 pBit. i= 1, 2. (29)

In equation (29) T;, 1s an exogenous part of the aggregate tax system, but
pB;¢ makes aggregate taxes endogenous. Since there is nopulation growth
and technological change, government bonds can grow over time, but the
value of p can be chosen to be sufficiently large that appropriately
deflated debt declines over time if the required rate of return on debt and
the deflated levels of exogenous spending and taxes are at their
unconditional expected values with debt above its unconditional mean.

EquiLiBrium CONDITIONS

Three markets must clear each period. In asset markets, the capital
created in the previous period must be fully employed and the new stocks of
governtenl debl wusl be demanded by the savings of the youny. Equilibrium
in the goods market requires that the supply of goods from production in
the wwo countries and from previous capital stocks be purchased for
consumption of the young and the old, for the government sectors, and for
investments in capital goods. When any two of these markets clear, the
third is in equilibrium when agents satisfy their budget constraints.

The balance of payments also can be derived from these conditions. The
trade-account surplus of country one, TAlt, is the excess of production in
the country over the total expenditure by the country for consumption
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goods, government goods, and riet investment. Therefore,

My = Y1t = Niagt = Me-1C0t - St - (PpatMieSie - OtMie-151e-1)-  (30)

The current-account surplus of country one, CAlt' is obtained by
adding the service-account surplus to the trade balance. The service-
account surplus, SAlt, is income on net foreign assets. This is the sum of
the interest income on the ownership of government bonds by country one
residents net of total interest paid by their government and the return on
capital owned by country one net of the total payments to capital employed
in the country. Therefore, the service-account surplus of country one is

SAre = Mol (1 - 0)Npp gSpe-y - Bred + relogNyp 1 Sier-kels (1)

and the current-account surplus is CAlt = TAlt + SApg.

By substitution of the budget constraints of the individuals and the
governments, the current account here is the change in the net ownership of
government bonds, as in

CApy = [(1 ~ 0p41)N)4Sqp - Brgan) - [(1 - 0g)Npe_1Sy¢-1 - Bigl-  (32)

Since physical capital is mobile across countries, ex ante net foreign
assets are nol well-defined, but ex post net foreign assets are

Attel = [0ga1¥1eS1e - Kigand * 101 - 0 NSy - Byl (33)

THe ALLocaTtion OF CapitaL

Let the aggregate amount of capital in period t be dewvted K,. The
four production efficiency conditions relating the marginal products of the
factors of production to the wage rates and the common rental rate on
capital can be combined with the capital market equilibrium condition tc
determine the allocation of capital across countries and the returns to the
factors of production as functions of K¢ and the productivity shocks. The
stock of capital employed in country one is

with the remainder employed in country two, where the allocation of capital
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is determined by oy, = ('lt/'Zt)Il(lnu)(ultrltINZtVZt)'

The technology and population shocks affect the allocation of a given
amount of capital by shifting capital to the country that 1s relatively
more productive, either because there are more workers for a given unit of
capital or because labor is more productive.

CoNsuMPTION, SAVINGS, AND PORTFOLIO DeCISIONS

Given the wage rates in the two countries, consumption, . .
portfolio allocations are found as the first-order conditions o .
agents' maximization problems. With logarithmic preferences consumptic:
a constant fraction of after-tax wealth, and savings {s

Sy = [8/(1+8) 1 (Wyq - 74¢)s 1 =1, 2. (35)

The portfolio choice of the agent solves

(Tee1 - Thter)
E ' = 0. (36)
¢ L1rs Tot+1 * O1t41(Tee1 - Tpesr)] }

The choice of o,,, sets the conditional expectation of the product of the
marginal utility of second-period consumption and the difference between
the two returns equal to zero.

Discussion of the ocquilibrium dynamics of the capital stocks requires
linearizations; the linearized version of equation (36) fs simply Thtsl =
£¢(rg41).  The required return on the government bond must adjust to be
equal to the expected return on the capital stock in period t+l, which will
depend on the amount of investment and on the expected productivity of
capital.

EquiLisriuMm Dynamics

The evolution of the stocks of capital and bonds provides the dynamics
of the model. The capital stock depends on the share of savings in the
risky asset and on the intal amount of savings. The share of savings in
bonds is dictated by the requirement that the government bonds be willingly
held as part of saving, with the result that

Keop = (NpgSig + NptSap) - (Bygyg + Bapyg)- (37)
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From equations (28) and (29) the total stock of government debt depends
upon the aggregation of the two countries' government budget constraints:

A

Bt*l » (1 + 'bt - p)Bt + (Glt + GZt) - ‘Tlt + th)’ (38)

where By = By + BZt' This equation is one of a two-eruation system. The
other is found by substitution from the savings conditions equation (35) to
derive

- (ll + rbt(Kt) - plBt + Glt - Tlt + GZt - th] (39)

which is the second nonlinear difference equation in the aggregate system.
The stocks of capital and bonds, Kt+1 and Bt+l' evolve as functions of Kt
and By, with the exogenous government spending and taxation polici:s and
the stochastic popuiation and productivity shocks as driving processes. In
equations (38) and (39) there is explicit dependence of the wage rates and
the interest rate on government bonds on the outstanding stock of capital,
while their dependence on the population and productivity shocks is left
implicit.

LINEARIZATION AND STOCHASTIC TRENDS

When populations grow and technological change is nonstationary, it.ore
is no unconditional mean value or stochastic steady state to the system of
equations (38) and (39). If common trends are removed, as in King, Plosser
and Rebelo (1988), by deflating the variables by an appropriate permanent
compenent, a stochastic steady state in the deflated variables exists.

Population is assumed to be driven by a common stochastic trend, ”t'
such that njy = (Nj¢/Ng), 1 = 1, 2, is stationary. If cae country is not
to dominate the other country eventualtly, the permanent component in iabor
augmenting technological change, iy, also must be the same. The variables
Yit = (rit/rt), i=1, 2, are therefore stationary. If there is to be a
stochastic steady state, the exogenous government spending and taxation
policies must also share the permanent components of population growth and
technological change such that gy = (Gye/Nyry) and  tye = (T/Niry),
i =1, 2, are stationary.

In the presence of population growth and technological change, the
endogenous variables K¢ and Bt must also be allowed to grow. The permanent
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efficiency units of labor, Nyry, are the source of all growth. The gross
rate of change in this variable is &g,y = (Ngyyleep)/(Ngry). To discuss @
stationary representation, let x - (xt/"trt)' for X; = K¢y Bg, or for the
individual country capital stocks or bonds. Let x denote the unconditional
mean or stochastic steady state of X 1€ ;t is defined to be th.
percentage dev!at!on of x¢ from 1}5 unconditional value, In(Xy) = In(re) +
ln(Nt) + In(x) + x¢. The series x, is a stationary stochastic process with
unconditional mean egual to zero. The transformed dynamir system is
obtained by dividing equations (38) and (39) by Nyry:

kee18eer = 187(148) Hngewyg (ke) + nppwpe(ke) - £y - oy - obg)
(40)

- {11+ rpp(ky) - olby + gp¢ - tyy + Gy - tag)
bryrdeey = (I + rpglky) - olby + gp¢ - typ + gpy - te), (41)

where the raie of return on bonds need noi be defiated and the wage raies
are Wi = "it/rt'7

Consider the dependence of rpe on the exogenous variables.  The
government bonds promise an uncontingent rate of interest, ry, = Et-l('t)'
The expected value of the rate of return on capital depends upon the
expected rates of population growth and of technological change in period t
as well as on the capital stock at time t, which is in the time t-1
information set. The percentage deviation of ryy from its steady state fis

ror = (M/2)E_jlege + sz + (1 - o)Ingg + vyp + nge + vpeld - ke (42)

A larger capital stock lowers the marginal product of capital and
lowers the interest rate on competing assets. Expectations of higher-than-
average productivity of either type in either country or of higher-than-
average population in either country increase the expected rate of relurn
to capitai and increase the real interest rate on government bonds.

The state of the system is defined to be the values of capital stock
and government bonds as well as the values of government spending and
taxation policies. In addition, the anticipated and unanticipated values

7An unpubl ished appendix available directly from the author investigates the uniqueness
of the steady state of the system and of the dynamic path to the stochastic steady state.

259



of the two types of productivity shocks and the population growth rates of
the two countries, relative to the time t-1 {information set, enter the
state, Therefore, the deviation of the capital ¢/ ..k from its steady-state
value can be written as a linear function, F,, of these variables:

Kol = Fil8gals Keso Dps Gite ips Uojps Urips Unjps E¢_j(v4¢)s
(43)

Et-l(Yit): Et_l(nit), i=1,2],

where uxy denotes the innovation in x, relative to time t-1. The responses
of the aggregate capital stock as a functior of these state variables fis
presented in Table 1.

The deviation of the aggregate stock of bonds from its steady state
can be written as a linear function, Fjy:

- -

brar = Fplégars Xps b G4t tits Epo1(¥ie)s Epoalvie)s Epojlngg)l. (44)

and the values of the coefficients dare given in Table 2. The aggregate
government bond stock does not depend on the unanticipated productivity
shocks or population growth rates because the tax system is not dependent
on current income.

Once the aggregate capital stock is determined, the country-specific
capital stocks are found Lo be

kig = ojopp + ks 1 =1, 2, (45)
where ;I = /(1 + qp) and ;2 7~ o3/(1 + o7), and the deviation from the
steady state of the parameter determining the shere of capital allocated
across countries is

opp © U= adlloy = wge) # Imy = ped + Crge = vpy)- (46)
Linearization of the individucl government budget constraints provides the

evolution of the bunds, given the behavior of the real interest rate on the
honds:
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Table 1

Coefficients in it+l Equation

State Variable Effect on &t+l
Se41 ko = -1
ke w1 = (8/148) (afky) [wynptwonsl + (rb/ky)(1-a)
by w2 = - (8/1+8) (ob/ky) - (b/ky)(l+r-p)
ilt 3 = - (91/ky)
é?t sq = - (9a/ky)
Elt ns = [1/(1+8) ] (ty/ky)
tae n = 11/(143) 1 (£/kv)
";lt w7 = [8/(1+8) 1(wyny /ky)
ubzt neg = l6/(1+8) 1 (wonp/ky)
urye «kg = ngy(1-a)
urze k10 = *kg(1-a)
unyy "1l = xy{2-a)
unzy k12 = *kg{2-0)
Et-l(alt} "3 = Mg - (1/2){rb/k )
Et-l(;Zt) nk14 = "kg - (1/2)(rb/ky)
Et-l(;lt) "k1s = *kg - (1/2)(1-a)(rb/ky)
£y-1(r2t) w16 = 1o - (1/2)(1-a) (rb/ky)
Et-l(alt) w17 = w1y - (1/2)(1-a) (rb/ky)
Eg_1(np¢) "ig * "1z - (1/2)(1-a){rb/ty)
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Table 2

Coefficients in 6t+1 Equation

State Variabie

Effect on &t+1

o = -1
w1 = - (r/y)
e = (1+r-p)fy
73 = (91/by)

wpg = (9p/bv)
wpg = = (t1/by)
mpe = - {tp/by)
w7 = (1/2)(r/v)
b8 © b7

wpg = (i-a)w,;

510 = "b9
"bil = b9
*bi2 © b9
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bijgs1 = - Sgap + [(1 + vy - e)/slbyy + (95/8b5)g54 +
) ) (47)
- (tilcbi)tit + (rbls)rbt, i=1, 2.

Given these solutions, internaticnal capital flows can be determined.

EouiLIBRIUM INTERNATIONAL CapiTaL FLows

The absolute level of the curreni account of country cne is given in
equation (31). It depends implicitly on savings in the two countries and
on the evolution of government bonds. Individual savings behavior is given
in equation (34). Consequently, deflating equation (31) by Nyry and
rearranging terms gives the deflated current account as

cayy = [ogbppen - (1 - op)bypanlspss - log_gbpy - (1 - ep_g)byel  (48)

where 4. = !“itslt!(“1t51§ + naisac ). which is the share of country-one
saving in world saving. If in the stochastic steady state, this share times
the government bond stock of country two is larger than the share of
savings in ccuntry two times the country-one bond stock, [s#by- (1-¢)b;]> 0,
either because the size of the country-one bond stock is smaller, or
because its government sector is smalier, the current account of country
one is in surplus. As long as this difference is not zero, it makes sense
to discuss a log-linearization of the current account.

Expressing the deflated current account in percentage deviations from
the steady state aives a quasi-reduced form expression

Cayy = meodartrenl60g - op gl + wplobypyq-bygl + we3lebyiyg-bygl  (49)

where s.g = 8leby - (1-4)byl/za; > 0, =,y = (sb/cay) > 0, =, = dby/cay >0,
ne3 = - [1 - ¢)bjljcay < 0, and the signs of the =, ccefficients are
premised on cay > 0. If counitry one is in surplus in the steady state, it
experiences a transitory current-account surplus whenever there 1is a
transitorily high growth rat: of either stochastic trend. Also, things that
increase the share of country-one savings in world savings increase the
current-account surplus of country one. Finally, increases in the resort
of country-two's govarnment to firancing deficits with bonds lead to
current-account surpluses for country one; and, symmetrically, increases in
tie resort of country-one's government to financing deficits with
government bonds lead to current-account deficits of country ona.

263



Expressing the current account as a true reduceg form requires an
expression for the percentage deviation from the steady state of the share
of savings of country one in world saving. Since the expression is long,
the coefficients are presented in Table 3. Transitory increases in working-
age populatior or the productivity of country one improve the current
account, while the converse is true of changes in these variables for
country two. Tax increases in country one cause a decrease in the savings
rate of the private sector, but they decrease the resort of the government
sector to bond finance, which improves the current account.

VI. COMPLEMENTARY EMPIRICAL INVESTIGATIONS

The previous two sections develop alternative rational expectations
models that are explicitly stochastic. As such, they are potentially
directly testable. Unfortunately, they are not sufficiently well-
formuiated that I think they deserve to be examined enmpirically. Rather
than formally test and reject the models, I examine some of their
implications empirically in this section. I view the theory and empirical
sections of this paper as complementary avenues of investigation that are
leading toward a well-designed theory that will eventually not be rejected
by the data.

An Uppate OfF Evans (1986)

One of the most striking differences across the two models is the
implication that government budget deficits do not a“fect real allocations
and relative prices such as the real exchange rate in the Ricardian model,
whereas they do affect the consumption and savings decisions in the
overlapping generations model. Budget deficits also figure prominently in
the explanation of the movement in real exchange rates in the popular
press, in neo-Keynesian frameworks, and in the writings of Feldstein
(1936). Budget deficits are thought to appreciate the dollar in nominal and
real terms ieading to an overvalued currency and a current-account deficit.

One way to investigate the influence of budget deficits on the economy
is to adopt the reduced-form methodology of Plosser (1982). The idea i< to
assume that one knows the return generating process for an asset or an
exchange rate from a rationa! expectaticns model. This supplies an
observable unexpected component to the return or the change in the exchange
rate. The unexpected change in the exchange rate is then regressed cn
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Table 3

Coefficients in ;t Equation

State Variable

Effect on ¢

b1t
Mt

Tt
e

b1t

-

Y2t

a

Mt

T2t
tr

xy1 = 81w /51) [1+(a/(1 - a))(1/(+ap))] +
+ {wp/sy)loy/(1 + og)lla/(1-a)1} > O
2 = Al{wp/sp )l - a + (a/(1 + ap))] +
+ (wy/sp)laoy/(1 + o)1} > 0
143 = 2> 0
Teq = - a(ty/ngsy) <0
Ty5 = - A(pby/nysy) < O
w146 = - Al(wy/sp)[a/(1 - @) 1[1/(1 + op)] +
+ (wp/sy) 1 + 0y/(1 + oy} Ha/(1 - a)i}<0
xy7 = - al(wy/sy)la/{1 - a)] +
+ (Wa/35)[1 - a + (acy/(1 + o))} < O
48 = "p7 < O
T49 = A(ty/ngsy) > 0

10 T A(Obz/“zSz)[B/(l +8)l{(1 -5 >0
o111 = dal(wy/sg) - (wp/sp)]l <0
a=fs/(1+8)l(l-¢)>0
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innovations in government policy variables anc¢ other exogenous variables
that are presumed to be exogenous and that are generaied from a vector
autoregression (VAR}. One must assume that the VAR is sufficiently well-
specified that the true structure of the economy 1is captured by the
regressions. If it is, the results of Pagan (1984) indicate that the two-
step procedure produces consistent and asymptotically efficient estimators
of the influence of the policy variables on the returns. [f the VAR is
misspecified, as it wiil be if the agents of the economy have more
information than is attributed to them by the econometrician, the approach
is suspect and may be bankrupt in the sense that the parameter estimates
will be inconsistent.

Evans (1986) used this approach in an investigation of exchange rates
using quarterly data for the period 1973:11 to 1984:III. Stockman (1986),
in his comment on Feldstein (1946), cites Evans (1986) as providing
evidence in opposition to the conclusions of Feldstein {1986) that budget
deficits of the United States appreciate the dollar. Stockman (1986, p.
404) states:

When changes in real governmeni spending ard the deficit are
simuTtaneously included in an equation for the exchange
rate, his (Evans's) estimates show a sizable and statisti-
cally significant effect of higher govermnment spending,
Teading to real appreciation (of the dollar), and a coef-
ficient on the budget deficit that is opposite in sign from
Feldstein's estimates and sometimes statistically signifi-
cant. Evans's results show a larger U.S. deficit, given real
government spending, leading to a dollar depreciation. When
Evans included foreign variables in his equations, he found
that greater foreign government spending leads to dollar
depreciation and greater foreign deficits lead to doilar
zppreciation, with the estimated effects of U.S. govermmeni
spending and deficits remaining essentially unchanged.
Stockman (1986) recognized that additional data might be very useful in the
debate about the effects of deficits on the dollar, since the dollar
depreciated by a substantial amount from its peak in February 1985. Because
Evans's evidence has figured prominently in the debate on the determinants
of the dollar with its attendant influence on the balance of payments, I
vpdated his analysis with available data.

The results are presented in Table 4. The deperndent variable is

log(Sé +llFti:) with exchange rates measured as the value of curr=ncy i in

266



TABLE &

Ordinary Least Squares Update Of Equation (50)

Currency Bio By Bi2 Biy Bia s
{Std Err) {Std Err) (5td Err) (Std Err) (Std Err} o™

S MLS MLS MLS MLS

Deutsche 0,002 0.047 0.123 1.133 ~0.200 -0.036

mark {0.009} {0.343) {1.286) (0.947) 3.191 1,646
824 .892 .924 .232 .950

British -0.004 0.148 -1.108 0,445 1.480 -0.039

pound (0.007) {0.2943) (1.102) (0.811) (2.739) 1.344
514 .615 .314 582 .589

Canadian ~0,003 0.016 0,148 0.157 ~-0.411 -0.056

doltar (0.003) {0.122; {0.456) (0.336) (1.132) 1.910
.316 .898 .745 .638 iy

Belgian 0.003 0.164 0.3a1 1.269 -0.125 -0.019

franc (0.009) {0.352) {1.320) (0.972) (3.281) t.570
7139 .640 796 .192 970

French ~0.003 0.196 0.689 0.63% 2,071 -0,046

fraac {0.008) {0.333) (1.247) 0.919) {3.100) 1.417
v 557 .581 .489 .504

Dutch -0.00001 0.099 0.256 1.072 0,733 -0,042

guilder {0,009) {0.349) (1.309) (0.964) 13.253) 1,540
999 .178 .B4S .266 .822

Swiss 0.0004 0,071 -0.030 0.966 1,389 ~0.059

franc {0.010) (0,408) {1.,530) 1127 (3.802) 1.690
.966 863 .985 591 718

Note: The standard errors of the estimated coefficients are in parenthesis belfow the
coefticients. The merginal level of significance of the test of the hypothesis that the

coefficient is zero is reported below the standard errors,
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terms of the U.S. dollar. The exchange rate data were obtained from the
QECD Main Economic Indicators and are end-of-quarter rates for the spot and
the three-month forward exchange rates. The currencies are the Belgian
franc, the British pound, the Canadian dollar, the Deutsche mark, the Butch
guilder, the French franc, and the Swiss framc. Since several of these
currencies are members of the European Monetary System, it is unlikely that
the results provide independent information across all currencies.

The motivation for the dependent variable 1is the unbiasedness
hypothesis that links forward rates to expected future spot exchange rates
under a presumption of risk neutrality. Evidence on the validity of this
specification is presented below. Here 1 merely note that previocus
research, surveyed in Hodrick {1987), suggests that the specification is
questicnable. Since unanticipated changes inm exchange rates are so large,
though, it may be reasonable to conclude that nothing particularly critical
in the interpretation of these results hinges on the failure of the
unbiasedness hypothesis. This is certainly not true as a general rule.

The regressors in Table 4 include a constant and the residuals from a
VAR that are the unanticipated changes in the logarithm of real federal
government purchases, UG; in the real federal govermment deficit relative
to trend, UD, measured by deflating nominal deficits by the preduct of
trend reai GNP and the GNP deflator; in the logarithm of real balances, UM,
measured as the M1 money supply for the last month of the quarter divided
by the GNP deflator; and in the logarithm of the GNP deflator, UP.8 I
followed Evans (1986) and estimated a fourth-order VAR on seven variables
that included a constant, the four variables described above, the discount
rate of the Federal Reserve, and the Tlogarithms of real GNP and the
monetary base. The VAR was estimated from 1962:11 to 1987:IV, and the
results of Table 4 are for 1973:1I1 to 1987:1V due to availability of
exchange rate data.

Before 1 discuss my extension of Evans (1986), I present a typical
equation from his Table 1 with the coefficients and standard errors in
parenthesis. The currency is the ODeutsche mark, and the constant is
suppressed:

Bevans (1986), footnote 10, indicates that he uses a monthiy GNP deflator that was
constructed by the Federal Reserve Bank of Minneapolis. The deftator series used here is the
quarterly data reported by the U.S. Department of Commerce. Evan's results are less dramatic
when the quarteriy deflator is employed than the deflator for the last month of the quarier,
although the inference is not changed dramaticalty.
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log{Si/Fi(-1)] = -1.005UG + 5.96UD + 2.60UN + 7.99UP + ¢ (5)
(0.32) (1.55) (1.18) (2.59)

g2 - 0.323; S.E. = 0.0543; D.W. = 1.87

Since the exchange rates are U.S. dollars per Deutsche mark, a depreciation
{appreciation) of the dollar is a positive (negative) movement in the
dependent variable. Hence, Evans found that an increase in federal
government spending causes a statistically significant appreciation of the
doliar relative to the mark, while increases in federal budget deficits,
which are measured positively, cause a statisticaily significant depreci-
ation of the dollar, as dc unanticipated increases in U.S. real balances
and in the U.S. price level. One possible explanation of the coefficients
on budget deficits is tnat they are substantially endogenous ard are merely
reflecting bad news about the performance of the U.S. real economy, which
depreciates the dollar. Another explanation is that budget deficits are
eventually financed by printing of money, and an increase in the budget
deficit creates expected inflation which depreciates the dollar. Evans
{1986) examined cyclically adjusted budget deficits and found similar
effects which tend to support the latter interpretation.

The results in Table 4 indicate that extension of the sample period to
1987:1V completely eliminates the statistical significance of the vari-
ables. The magnitudes of the coefficients are reduced and are often
opposite of Evan's estimates. The standard errors of the coefficients have
increased dramatically, which eliminates the statistical significance of
the variables. In particular, the effects of the government purchases and
deficit variables are now no longer significantly different from zero. The
reduction in the explanatory power of the variables in the larger sample is
now reflected in negative adjusted Rz"s.

I have not attempted to determine why the results deteriorate in the
longer sample, but I have attempted to replicate Evans's results over his
sample period with my versions of the variables. My results are not as
strong as Evans's even over his sample period. Apparently, Evans's
measurement of the GNP deflator as the last month of the quarter is one
source of difference between the two estimations. The results also appear
to be somewhat sensitive to the starting date.

A complete expianation for the differences across periods would
require more space than can be used here, but one thing stands out. If the
VAR methodology were correct, in the sense of capturing the exogenous
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forces of the economy, and there were no changes in regimes, the results
would not be so dependent on the sample. Hence, the dependence I find must
indicate that the VAR methodology is very suspect and cannot be used to
interpret causal influences on exchange rates and capital flows.

In the next section I discuss additional evidence that suggests the
importance of risk aversion in developing international financial mcdels to
guide our interactions with the data.

INTERNATIONAL CAPITAL MARKET EQUILIBRIUM

Correct analysis of current accounts and international capital flows
requires an appropriate description of equilibrium expected returns in
international capital markets. Frankel (1985) and Krugman (1986, 1988)
have used an argument, premised on the appropriateness of risk neutrality,
to address the issue of ihe sustainabiiily of exchange raies. Unsustainable
rates are thought to be part of a "bubble” or possibly an irrationality in
the foreign exchange market.g

A basic building block of the sustainability explorations is the
assumption that the expected rate of change in the real exchange rate is
the real interest differential across countries. The level of the real
exchange rate is deemed to be wrong or unsustainable if this calculated
rate of change implies too much accumulation of external debt over the
future. The rate at which the United States accumulates external debt is
modeled in a simplistic fashion similar to equation (1), but with constant
domestic and foreign qrowth rates. I find this approach wrong for at least
two reasons.

First, it is inappropriate to hold other things constant. Growth rates
of countries ought to be allowed to differ over time, and there are
determinants of the current account other than the current real exchange
rate. Secondly, the assumption of risk neutrality is not well supported by
the available evidence.l® In Hodrick (1987a) I discuss a considerable body
of evidence that indicates the inappropriateness of an assumption of risk

9Flocrd, Hodrick and Kaplan (1987) examine the evidence for the stock market that has been
interpreted as findings of bubbles. A critical examination indicates that changes in required
expected rates of return are more consistent with the data. Whether the changes in expected
refurns are sufficient to justify the volatility of stcck prices is an open question. A
similar argument can be applied to the exchange-rate literature that has purported to find
bubbles, e.g., Evans (1986) and Meese (1986).

IOSee Mussa's (1986) discussion of Krugman (1986) for other criticisms of this approach.
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neutrality. In this section I present some new results that are repra-
sentative of the previous findings of myself and others.

IMpLIcATIONS OF Risk NEUTRALITY

Let S; denote the spot exchange rate of dollars per foreign currency,
and let Fy be the forward price at which one can contract at time t for
purchase of foreign currency in one period. The nominal dollar profit from
a long position in the forward foreign currency market is (Sy,; - F¢). If
=y is the purchasing power of a dollar, the real value of the profit is
(St+1 - Fi)wgsp- Since there is no opportunity cost to making the forward
contract, risk-neutral preferences imply that the expected value of the
real profit on the forward contract is zero,

Etl(Sea1 - Fedagnl = 0. (51)

The standard way that an hypothesis such as (51} is tested is to
regress realizations of the real profit at time t+l on information in the
time t information set.11 Since the stationarity of the regressors is a
factor in the derivation of the asymptotic distribution theory of the
estimators, 1 first divided the real profit at time t+l by the product of
the exchange rate and the purchasing power of the dollar at time t. The
specification «f the regression allows a small number of different
instruments acr¢:.s currencies:

: i P i T
[Sta1 - Felmen . [Fy - St]+ [S¢ - Fegln L (52)
] = B850 %1“;“ Bm‘“;‘“”””‘ €4a1
t

i i
t*t t-1%t-1
where ezﬂ is the ratiomal expectations error term, and the null hypothesis
of risk neutrality is Bij = 0, j=0,1, 2, fur each currency i.

An alternative derivation of the deflation in equation (52) recognizes
that its left-hand side, when multiplied by one plus the foreign nominal
interest rate, is the difference in two real rates of return. Investing a
dollar at time t is a sacrifice of =y goods. The one dollar purchases
(list) units of foreign currency. Each unit of foreign currency can be

”Enge! (1984) first tested the risk neutral specification in this way,
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invested to give one plus the foreign interest rate in foreign currency at
time t+l. [If the investment is uncovered, the agent sells the accumylated
foreign currency for dollars in the futurz spot market at St+l’ while if
the investment is covered to remove the uncertainty of repatriation at a
random exchange rate, the agent contracts to sell the interest plus
principal on the foreign currency at Fy. In either case the dollar proceeds
of the investment are valued at =y, in terms of real goods. If agents are
risk neutral, the expected real rate of return on all investments should be
equal, and the left-hand side of equation (52) should have expected value
of zero.

The motivation for tke instruments on the right-hand side of equation
{52) is the following. As Fama (1984) noted, the forward premium,
(Fg-S¢)/S¢, can be defined to be the market's assessment of the expected
»ate of depreciation of the home currency plus an adjusted risk premium.
Therefore, it should be a useful instrument if risk is actually present. If
expected real returns are not the same across assets, the lagged dependent
ver tawie slhauld ceplure sevial correlation in the difference of the two
returns if it is present.

Tests of equation (52) were conducted using the same OECD data on
exchange rates described above. I examined the hypothesis from two per-
spectives: a U.S. investor using U.S. dollar per foreign currency exchange
rates and a U.K. investor using British pound per foreign currency exchange
rates. The purchasing powers of monies were measured as the reciprocals of
the U.S. National Income and Product Accounts deflator of consumer non-
durables plus services and the U.K. deflator for nondurables.

I examined two types of estimation of the sysiem of equations. In the
first I constrained the three parameters of each equation to be the same
across the seven equations and estimated the system with Hansen's (1982)
Generalized Method of Moments (GMM) without imposing the auxiliary
assumption of conditional homoscedasticity. 1 employed three orthogonality
conditions for each currency reguiring that the expectation error be
orthogonal to the three right-hand side variables.

For the U.S. dollar system, the constrained value of 8g is -1.722 with
a standard deviation of 0.793; the constrained value of gy is -0.458 with a
standard deviation of 0.122, and the constrained value of 82 is 0.140 with
a standard deviation of 0.061. The value of the chi-square statistic with
three degrees of freedom that tests the hypothesis that the three coef-
ficients are zero is 16.483, which corresponds to a marginal Tlevel of
significance of .0009. This is strong evidence that the expected real
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returns to speculation by a U.S. investor in the forward foreign exchange
market are not constant. The value of the chi-square statistic with
eighteer degrees of freedom that tests the hypothesis that the constraints
on the coefficients across equations are inappropriate is 15.322, which
corresponds to a marginal level of significance of .640.

For the U.K. pound system the constrained value of gy is 1.799 with a
standard deviation of 1.632; the constraired value of g; is -0.325 with a
standara deviation of 0.107, and the constrained value of 8, is 0.157 with
a standard deviation of 0.056. The value of the chi-square statistic with
three degrees of freedom that tests the hypothesis that the three conef-
ficients are zero is 15.517, which corresponds to a marginal level of
significance smaller than .001. The chi-square statistic with eighteen
degrees of freedom that tests the hypothesis that the constraints on the
coefficienls are ineppropriate has a value of i9.319, which corresponds to
a2 marginal level of significance of .372.

The other system estimation that 1 performed was seemingly unrelated
regression under the auxiiiary assumption of homoscedasticity. The results
of this estimation for the U.S. dollar system are presented in Table 5 and
for the U.K. pound system in Table 6. The test of the hypothesis that the
expected real returns are zero in this case is a chi-square statistic with
twenty-one degrees of freedom. For the U.S. dollar system, the value of
52.267 corresponds to a marginal level of significance of .0002, which is
quite strong evidence against the null hypothesis. For the U.K. pound
system, the value of 77.816 corresponds to a marginal level of significance
of .0000001, which is also exceedingly strong evidence against the null
hypothesis.

1 also constrained the systems to three coefficients as above. For the
U.S. dollar system, the constrained value of gy is -1.329 with standard
deviation of 1.145; the constrained value of 8y is -0.536 with a standard
deviation of 0.117, and the constrained value of gy is 0.075 with a
standard deviation of 0.049. The value of the chi-square statistic with
three degrees of fresdom that tests the hypothesis that the three
coefficients are zero is 28.411, which corresponds to a marginal level of
significance smaller than .00000!. The chi-square statistic with eighteen
degrees of freedom that tests the hypothesis that the constraints on the
coefficients are inappropriate has a value of 19.649, which corresponds to
a marginal level of significance of .353. For the U.K. pound system, the
constrained value of gy is 2.739 with a standard deviation of 2.034; the
constrained value of gy is -0.641 with a standard deviation of 0.129, and
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TAGLE S

System Estimation of Equation (52) for U.S. Exchange Rates

Currency Bm 5” 852 &2 x2{2} 12(3}
(Std Err} (Std Err) {S¥td Err} HLS s
MLS MLS MLS
Deutsche 4,015 -1.065 0.008 029 4.795 9.805
mark (3.449) (0,350) (0.066) 0.007 0.020
0.244 0.002 0.905
British ~0.435 -0.565 3.196 0,054 4.29G 4,862
pound (2.712) (0.475) 0.111) 0.091 0.187
0.873 0.234 0.077
Canadian -2.091 -1.469 -0.063 0.06% 3.436 4.207
dotlar (1.281) (0.794) (0.133) 0.179 0.240
0.103 0.064 0.635
Belgian 1.659 -0.878 0.032 ©.020 8.987 9.624
franc (3.217) (0.312) (0.071) 0.011 0.022
0.617 0.063 0.653
French -0.541 -0.796 G.122 0.077 5.221 5.221
franc (3.040) (0.615) (0.076) 0.073 0.156
0.859 0,195 O.111
Dutch 3.606 ~1.137 0.050 0.038 15.114 15.183
gui lder (3.239) (0.349) (0.069) 0.001 G.002
0.265 0.001 0.473
Swiss 14,171 -2.309 ~0.153 0.062 10.461 10.681
franc (5.423) (0.724) (0.0856) 0.005 0.014
0.009 0.001 0.074

Note: The system of equations was estimated by seemingly unrelated regression., See also

Table 4.
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TABLE 6

System Estimation of Equation (52) for U.K. Exchange Rates

Currency Bio Biy Bia ”? @ x2(3)
{Std Ers) (5td Err) {Std Erc) LS MLS
MS MLS MLS
Deutsche 6.630 -1.2713 -0.060 0.098 34,315 34,432
mark {2.827) 10.218) {0.062) C.000 0.000
0.019 0.000 0,335
u.s, 2.081 -0.319 0.210 0.091 5.945 6.807
doitar {2.568) (0.448) (0.090} 0.051 0.078
0.418 0.477 0.026
Canadian 1,078 ~0.753 0.243 G.145 11.810 12.026
dotlar {2.614) {0.466) (0.092) 0,003 0.007
0.680 0.106 0.0068
Beigian 3.159 ~0.779 -0.015 0.075 13.453 14,854
franc (2.733) {0.216) {0.068) 0.001 0.002
0,248 0.000 0.827
French 0.774 -1.297 -0.055% 0.127 15,757 15.81%
franc (2.526) {0.327) {0.076) 0,000 0.001
0.760 0.000 0.472
Dutch 5.248 -1.142 0.003 0,110 27.681 27.933
quilder (2.641) (0.224) (0.062) 0,000 Q.000
0.047 0.000 0.967
Swiss 14.02% -1.819 -0.142 0.112 15,366 15.838
franc 14.35%) (0.470) (0.088) 0.000 0.001
0.001 0,000 0.106

Note: The system of equations was estimated by seemingly unrelated regression. The data are

U.K. pounds per foreign currency. See also Table 4,
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the constrained value of 8, is 0 065 with a standard deviation of 0.049.
The value of the chi-square statistic with three degrees of freedom that
tests the hypothesis that the three coefficients are zero is 31.937, which
corresponds to a marginal level of significance smaller than .000001. The
chi-square statistic with eighteen degrees of freedom that tests the
hypothesis that the constraints on the coefficients are inappropriate has a
value of 35.211, which corresponds to a marginal level of significance of
.009.

Should the above analysis be taken as evidence against risk-neutral
asset pricing for U.S.- and U.K.-based ‘investors, or is there reason to
think that the time series properties of the data are not consistent with
the ergodicity assumption implicit in the derivation of the test
statistics? Ticse are questions that have been answered differently by
different researchers, and I refer the interested reader to Hodrick (1987a)
for a survey of the opinions.

Risk-Averse MobeLs

If risk neutrality is not a correct measure of international capital
market equilibrium, what is? One natural direction to proceed is to examine
models of risk-averse behavior that are capable of reconciling the pattern
of time variation in expected returns. Aithough there has been considerable
investigation of intertemporal asset-pricing equations derived from
representative agent Euler equations since the publication of Hansen and
Singleton (1982), there is not as yet a consensus on the appropriate
intertemporal asset-pricing model. Here I merely inquire how well two
simple versions work. The first model is in the spirit of %he original
analysis of Hansen and Singleton (1982). The second is related %o the
Ricardian model derived above.

If agents are averse to risk, expected returns depend on the nature of
the risk aversion and the opportunities that they have for trading assets.
In simple intertemporal asset-pricing models, such as Hansen and Singleton
(1982), the portfolio decisions reaouire equality between the marginal
utility foregone when the asset #s purchased and the expected discounted
marginal utility of the payoff on the asset. The early empirical tests of
the intertemporal asset pricing used the cost of the asset in real terms
times the marginal utility of consumption gocds as the opportunity cost of
the investment, and the tests used the real payoff on the asset times the
marginal utility of consumption in the future as the reaiization of the
marginal gain on the investment.
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With this timing the difference between the uncovered and covered
foreign money market investments is given by

§ j
(Ste1 - Fidm gl (Ceyy)
t SR

=0 (53)
t)

where U'(Cy) is the marginal utility of consumption at time t. If marginal
utiiity is parameterized by CE", and consumption is taken to be the
consumption of nondurables plus services per household for the U.S. in-
vestor and the consumption of nondurables for the U.K. investor, the Euler
equations (53) can be estimated for the seven currencies. This specifi-
cation was tested with monthly data for the U.S. dollar over the sample
1973:3 to 1983:7 by Mark (1985).

I estimated the two seven-equation systems for the U.S. data and the
U.K. data separately. Each system contains one free parameter, a, and I
used the same set of three instruments per equation as above. For the U.S.
data the estimated o is 60.915 with a standard error of 22.208. Although
this estimate seems wildly high, in the sense that it implies extremely
risk-averse behavior, and consequently probably ought to be taken as
evidence against the specification of the model, the chi-square statistic
that tests the twenty overidentifying restrictions has a value of 22.656,
which corresponds to a marginal level of significance of .329. Hence, while
the instrumental variables were powerful enough to provide a strong
rejection of the risk-neutrality hypothesis, the orthogonality condiiions
implied by the risk-averse model are not rejected by the data. Similar
results with monthly data are reported by Mark (1985). He found very high
estimates of a, and the overidentifying restrictions of the model did not
indicate rejection of the specification.

For the U.K. data, the estimated « is 2.1513 with a standard error of
3.0488. The chi-square statistic that tests the twenty overidentifying
restrictions has a value of 24.593, which corresponds to a merginal level
of significance of .2i7. ihe U.K. daia do not produce a cozfricient of
relative risk aversion thai is significantly different from zero, but the
very strong cvidence against the risk-neutral model also is not present
when consumption is allowed to vary.

One reason the above specifications of the intertemporal asset-pricing
modei might be incorrect is that the timing of the marginal utility of
consumption is incorrect. In cash-in-advance models such as the one above,
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the dollar proceeds from an investment can only be used in the next
available goods market, and the value of the return in terms of goods is
not certain. If this alternative timing is followed, the specification of
the Euler equation becomes

(s _Fle, ur(c, )
Et t‘f’}. : €t t+2 t+7 = Q. (54)
sixur(c,)

I estimated equation (54) for the same seven currencies and with the
same set of instruments as employed in equation (53).12 The results for
both currencies are similar in that the estimated o for the U.S. system is
53.652 with a standard error of 16.880, and the chi-square statistic with
20 degrees of fresdom is 21.656, which corresponds to a marginal level of
significance of ,359. For the U.K. system the results are an estimate of =«
of 3.037 with a standard error of 2.876, ard a chi-square statistic of
24.463, which corresponds to a marginal level of significance cf .222.

ALTERNATIVE INTERPRETATIONS

One puzzling aspect of the above regression analysis is the persistent
statistically significant negative coefficient on the forward premiums.
This suggests that high values of the forward premium (high foiward prices
of foreign currencies in term of dollars relative to spot prices) are
associated with less depreciation of the dollar relative to the foreign
currency than is predicted by the forward premium. Probably, the smaller
depreciation is actually an appreciation of the dollar relative to foreign
currencies.

A potential explanation of this phenomenon is that the data are simply
not reflecting all of the possible events that concern agents when they are
setting asset prices. Fama (1984) credits Mussa for advancing the following
hypothesis explaining why the sample statistics might not be consistent
with the true underlying probability distributions that agents assess
rationally.

Since the forward premium is directly related to the nominal interest

1240 the formation of the optimal weighting matrix of the orthogonality conditions, |
allowed for the first-order moving average process induced by forecasting out two perinds. i
employed the Newey and West (1987) algorithm to keep the weighting matrix positive definite.
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differential across countries from covered interest rate parity, a large
positive value of the forward premium indicates that the U.S. nominal
interest rate is high relative to the foreign nominal interest rate. Mussa
suggested that periods of high expected inflation in either country may
also be periods of highly skewed distributions of possible inflation rates.
One reason would be because the private sector is worried that the public
sector may lose conirol of the economy. This skewed distribution of
possible inflation rates raises the expected rate of inflation, which would
raise that country's nominal interest rate and increase the absolute value
of the forward premium. If the sample size is insufficiently large, the
realizations of high inflation and large depreciations of currencies that
concern the private sector may be occurring with less frequency in tis
actual data than 1is necessary to reconcile the use of asymptotic sta-
tistics. Hence, high nominal interest rates appear in a small sample to be
associated with high ex post real interest rates, and large values of the
forward premium are associated with appreciations of the dollar while large
discounts on forward foreign currencies are associated ex post with de-
preciations of the dollar.

Bates (1987) examines the cvidence from option prices on Deutsche mark
futures, which provide additiona’. information about the subjective distri-
butions of future exchange rates implicit in market prices. He finds a lack
of symmetry in the ex ante distribution of the dollar-DM rate. Perhaps use
of additional data such as optiun prices will allow a better understanding
of the pheromenon in future work.

Additional data in the form of surveys of expected future spot rates
have also been employed by Frankel and Froot (1987). Their findings with
relatively short sample periods indicate that rationality of the survey
data can be rejected.

One possible explanation of the above empirical work is that the
market 1is assessing more possible events than have occurred during the
sample period. If this is the case, econometric analysis of the determi-
nation of international capital flows and real exchange rates is probably
als0 suspect.

VII. CONCLUSIONS

In this paper I discuss alternative reasons for the current large U.S.
capital flows and attempt to provide some perspectives that can guide
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futyre modeling of these issues. One wmajor finding is that movements of
U.5. real income growth relative to that of the rest of the world and
movements in the U.S. real exchange rate do a reascrible job of
*explaining” the U.S. current accoount, when allowance is made for lags in
responses. Given this, it seemed reasonable to develop models of the
current account as a rational equilibrium response of competitive agents to
the stochastic forcing processes of their economies.

I examined two aggregative dynamic models that have strong micro-
economic foundations. Both models explicitly develop the savings and
investment decisions of the private sector, and both consider rudimentary
government sectors. MNeither model is, at this point, sufficiently weli-
posed to he consistent with the data. Solution of the Ricardiar model
required a number of strong assumptions such as seriailly uncorralated
driving processes, am separability of the utility function. Soiution of
the overiapping generations model required that there be one gocd in the
world economy, that the capital stock be allocated costiessiy across
countries after the reaiization of productivity, that the government bonds
of the two countries bz perfect substitutes, and that there be no money.
Explicit solution for the flow of capital across countries also required a
Tinearization which imposed an assumption of risk neutrality. Both models
allowed for perfect cap.tal mobility across countries with the Ricardian
model imposing a perfect'y pooled equilibrium. Little work has been done
un alternatives to this idea in which the reasons why countries do not
accumulate large claims on each sther are endc;x_;«'.znm.ls.13

One different prediction of the two models involves the role of
government budget deficits. Both models predict that movements in
productivity across countries and in the cizes of the government sectors
affect the real equilibriur, but the Ricardian model predicts that the
financing of the government sector does not matter as long as taxation is
nondistortionary.

This difference in predictions was then exemined empirically. The
highly significant empirical anmalysis in Evans (1986) that was interpreted
as evidence that U.S. budget deficits do not appreciate the dollar is not
suppori.ed with an additional twe and a3 half years of data. The specifi-

‘3Feinman, Garber, and Garfinkel (1987} discuss financial warfare and the periodic
disruptions of internationai financial markets that characterize the history of reiations
across countries.
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cation deteriorates very badly. While it is certainly possible that
inference from the VAR approach is worthwhile, one suspects that agents
have additional sources of information about future deficits nct captured
by the regressions. Develsping a model of the alternative way that agents
forecast is necessary before scientific inquiry can proceed.

I next explored two simple models of international capital market
equilibrium. The resuits of these risk premium studies have several
alternative interpretations. One may be that international capital markets
function poorly and allow exchange rates to be excessively volatile.
Another is that risk aversion is an important attribute of our economic
environment that interacts with changes in the environment to prouuce
substantial changes in required expected returns and asset prices.m A
third is that the reported statistics are not appropriate because agents
are assigning probabilities to events that have rot occurred with suf-
ficient frequency. The sample statistics are poor measures of the sub-
Jective probability distributions implicit in the caiculations that lead to
the decisions of agents. If this is the case, such problems will infect any
analysis of exchange rates, and any regressions purporting to explain
capital flows will no doubt be misspecified.

Understanding capital flows across countries requires an understanding
of the savings and investment decisions of economic agents and of the
sources of business cycles and of economic growth. Equilibrium models of
these dynamic aspects of the economy are still being developed. Under-
standing capital flows also requires an understanding of the determination
of exchange rates and other asset prices, which reguires knowledge of
expectations formation of the private sector and of the influence of the
government sector on the economy. The models in this paper may prove useful
in the development of future economic models of these phenomena.

In the introduction I outlined several important questions that have
been posed because of recent U.S. current account deficits. I now provide
a simple answer to the questions based more on the stylz of model that I
have developed than on the validity of the actual models. The basic answer
to all of the questions is that the recent experience of the current
account can be thought of as a normal response of the economies ¢7 the

MHodrick (1987b) explores the ability of changes in the conditiona! variances of money
and output to explain changes in exchange rates, The theory works better than the empirical
anatysis to date.
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world to variations in the shares of government spending in the world
economy, to cyclical fluctuations, and to diversities . rates of growth
across countries. People who want government protection often think that
foreign exchange and other asset markets are not working correctly. I do
not share this opinion. I think that stability of govermment poiicies and
coordination of policies across countries would help ease the forecasting
probliems that agents face.
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