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1 Introduction

Economists have long understood that financial markets play a central role in the
international propagation and transmission of business cycles. Morgenstern’s (1959)
book is a classic reference on this subject, but discussions of the link between fi-
nancial markets and business cycles can be found in the earlier writings of Mitchell
(1929), who attributed a positive and increasing correlation of international business
cycles to the growth of international financial markets. The extent of international
financial integration should be important for international business cycles, since an
important function of financial markets is to permit individuals to smooth consump-
tion in response to fluctuations in income. Thus the extent to which a country can
trade on world financial markets will determine the extent to which its citizens can
insure themselves against nation-specific components of business-cycle risk. The goal
of the present paper is to provide a detailed analysis of the channels through which
international financial linkages affect international business cycles.

Our framework is a two-country, single-good, general equilibrium model related
to those used in the “open economy real business cycle” literature. This literature
highlights the transmission of international business cycles in an equilibrium setting
through the influences of interest rates and asset prices.! However, this literature
is often criticized for its treatment of international financial market linkages. That
is: this literature assumes that individuals have access to complete international
contingent-claims markets which permit them to pool all risks. A second strand of
literature studies business cycles in small open economies. These studies typically
restrict access to international risk-sharing in ways that seem, empirically, to be
more reasonable than the assumption of complete markets.? But these analyses are
necessarily silent on the factors affecting world interest rates and asset prices.

This paper develops a two-country, general equilibrium model in which individ-
uals have incomplete access to international risk-sharing. Using this model as our
laboratory, we evaluate the importance of financial market linkages for the character
of international business cycles, by comparing its predictions to the complete-markets
model. Our main findings are as follows. First, we find that restricting asset trade to
noncontingent bonds alone does not necessarily alter, in an important way, the pre-
dictions of the standard, complete markets model. If the international productivity
process is trend stationary with substantial international “spillovers” of productivity
shocks, the two models are essentially indistinguishable. If, however, productivity in
each country follows a random walk without spillovers but with correlated innova-
tions, restricting asset trade alters the predictions of the model along several impor-
tant dimensions. In particular, under this parameterization, the complete markets

!See, for example, contributions by Backus, Kehoe, and Kydland (1992); Baxter and Crucini
(1993); and Reynolds (1992,1993).

2See, for example, the contributions of Cardia (1991), Correia, Neves, and Rebelo (1994), and
Mendoza (1991).



model predicts low cross-country output correlations and near-perfect consumption
correlations; the bond economy conversely predicts high output correlations and low
consumption correlations. This finding is important, since the complete markets
model has been heavily criticized for its counterfactual prediction of near-perfect in-
ternational consumption correlations for a wide range of parameterizations. With
random walk shocks, restricting asset markets brings the consumption correlation
down substantially.

Second, we find that the major differences in the macroeconomic response to
shocks under the alternative asset structures are due almost entirely to differential
wealth effects. In particular, we found strong differences across asset structures when
productivity follows a random walk. In this case, under complete markets, individuals
receiving a favorable productivity shock experience a negative wealth effect, because
the optimal insurance character of equilibrium requires them to increase labor supply
while transferring a large proportion of the additional output to residents of the
other country. In the bond economy, however, individuals own all the risky claims
to their country’s output. Thus individuals receiving a favorable productivity shock
experience a positive wealth effect, which induces them to increase consumption by
more than in the complete markets economy and, more importantly, causes them to
decrease labor input.

Although our primary goal was to understand the relationship between financial
integration and business cycles, this analysis also contributes to the growing litera-
ture on “open economy real business cycles.” Specifically, we discussed above that
the model with restricted asset market linkages provides an explanation for the fact
that, empirically, international consumption correlations are lower than international
output correlations. Further, we find that the model with restricted asset markets
can generate correlations between productivity and labor input that are much closer
to those observed in the data, compared with those generated by a standard closed-
economy models driven by technology shocks alone. That is: restricted asset trade
is another possible resolution of the so-called “Dunlop-Tarshis” observation, which is
the low correlation of productivity and labor input observed in the data.?

Although the dominant source of differences across asset structures was found to lie
in wealth effects, consumption and leisure are strongly affected in both asset structures
by interest rate effects and wage effects. Thus the general equilibrium structure,
in which interest rates and asset prices are determined endogenously, is important
for understanding the way in which economies respond to exogenous shocks. This
consideration is important even if the economy in question is “small” in the sense of
producing a small share of world output.

Our work is related to that of Cole [1988), who studied the implications of fi-
nancial structure for business cycles in a two-period model with production. More

3See Christiano and Eichenbaum (1992) for more discussion, and a different proposed resolution
of the puzzle based on government spending shocks combined with important measurement error in
labor input.



recently, the relationship between asset markets and real activity has been studied by
Conze, Lasry, and Sheinkman [1990), and Kollman (1990). They find, as we do, that
restrictions on asset markets leads to lower international correlations of consumption.
Constantinides and Duffie (1991) find that, when idiosyncratic shocks are purely per-
manent, there is no bond trade in equilibrium. However, in our model permanent
shocks affect the marginal productivity of capital, so trade in bonds occurs even with
unit-root shocks. Telmer (1991) studies an endowment economy with asset trade re-
stricted to bonds only, and finds that this restriction has little effect on asset prices
when idiosyncratic shocks are stationary. Heaton and Lucas (1994) use an endowment
economy with restricted asset trade to study the effects of market incompleteness on
asset returns.

The paper is structured as follows. Section 2 describes the model economy and
discusses aspects of the solution procedure that differ from the prior, complete mar-
kets analyses. Section 3 begins with a review of previous work on estimating the
stochastic process for productivity, and presents some new results. Taken together,
these results suggest that productivity shocks are highly persistent, are correlated
across countries, and may contain unit roots. Therefore, we compared the predic-
tions of the complete markets model to the predictions of the model with restricted
asset markets under two alternative parameterizations of the productivity process:
(1) a trend-stationary process with innovations that are correlated across countries
and with international transmission of shocks; and (ii) a difference-stationary process
without transmission but with correlated innovations. We find that the empirical
implications of the models are very sensitive to the specification of the stochastic pro-
cess for productivity. If productivity follows a trend-stationary process with highly
persistent shocks and international transmission, the business cycle implications of
the incomplete markets economy are very similar to those of the complete markets
economy. However, if productivity follows a random walk without transmission, the
implications of the alternative models are quite different. Section 4 explores the eco-
nomic forces behind the differential response under alternative asset structures by
studying the dynamic response to a productivity shock originating in one country.
Using King’s (1990) method for decomposing consumption and labor responses into
wealth and substitution effects, we find that differences across asset structures—when
they exist—can be traced primarily to differential wealth effects. Section 5 briefly
summarizes the paper’s main results and discusses avenues for future research.

2 The Model

The basic structure of this model, in terms of preferences and technology, is identical
to the structure in Baxter and Crucini (1993). The main difference arising from
restrictions on asset trade appears in the flow constraints (budget constraints), which
differ across the two models. Foreign country variables are denoted by stars, and all
variables are in national per capita terms.
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Preferences: Individuals consume two goods: a produced consumption good, C,
and leisure, L. They maximize expected lifetime utility, given by:

bd 1
Eod Btl—[CfL}"e]l‘” home country; (1)
t=0 -
> 1
Eo Zﬂti[(C{)e(L:)l"a]l_" , foreign country. (2)
t=0 -

In each country, individuals are subject to the constraint that hours worked in the
marketplace plus hours of leisure cannot exceed the time endowment, normalized to
one unit:

1—L;— N; >0, home country; (3)
1 - L; — N >0, foreign country.

Technology: Production functions exhibit constant returns to scale, and produc-
tion of the single final good requires the input of both labor and capital. Capital
used in production in a specific country is not necessarily owned by residents of that
country; thus, K; represents capital in place in the home country, not necessarily
capital owned by residents of the home country. Labor is internationally immobile.
Letting N, denote labor employed in the home country, these production functions
are given by:

Y: = A K}7*(X:N¢)* , home country; (4)

Yy = AN(K) (X} N})* | foreign country. (5)

In these production functions, the variables X; and X} represent the level of purely
labor-augmenting technical change in the home and foreign countries, respectively,
and each grows at a common, constant gross rate: v = X1/ X; = X, /X . The
variables A; and A} represent the stochastic component of the productivity variable,
and are assumed to follow a vector Markov process.

New capital goods are internationally mobile, and all investment is subject to
costs of adjustment governed by the function ¢(I/K), with ¢ > 0, ¢' > 0, ¢” < 0, as
in Hayashi (1982). Capital accumulates over time according to:

Kiy1 = (1 - 8)K: + ¢(I/ K;) K, , home country; (6)

K, =Q0Q-060)K +¢(I}/K!)K; , foreign country. (7)

Capital adjustment costs have been incorporated to slow the response of invest-
ment to location-specific shocks. Because there is a single good produced in two



different countries, capital owners have a strong incentive to locate new investment in
the more-productive location (so long as productivity shocks are persistent). Without
some friction in the capital adjustment process, the model would display excessive
volatility of investment.

2.1 Complete markets

The first model that we shall study is also, in many ways, the simplest. There are
two countries in the world, and individuals in the two countries are free to trade
any state-contingent asset they wish. Thus, in equilibrium, individuals will bear no
idiosyncratic risk. Since the consumption/investment good is internationally mobile,
there is a single world resource constraint for this good. Letting = denote the fraction
of the world population residing in the home country, the world resource constraint
is:

wlYe—Ce— L]+ (1 —-m)[¥y - C; — [[]20. (8)

The equilibrium of this economy consists of a set of functions describing the behav-
ior of endogenous variables such as consumption, saving, investment, etc., as functions
of the exogenous shocks to the model (i.e., the productivity shocks). Before solving
our model, we transform it to remove deterministic trend components; this is accom-
plished by dividing all home country variables by X;, and all foreign country variables
by X;. Lowercase letters are used below to denote transformed variables. Note that
labor and leisure cannot have deterministic trends; otherwise, the “time constraints”
would eventually be violated. These variables continue to be represented by upper-
case letters. Finally, the common rate of time preference for all individuals in the
transformed world economy 1s ﬁ = $4%1-9), The Appendix discusses the details of
the approach that we use to solve for this model’s competitive equilibrium.

2.2 General equilibrium in a two-country world with re-
stricted asset markets

The model differs from the general equilibrium economy described in section 2.1 above
in that this world economy is restricted to trade only goods and non-contingent real
debt. For simplicity, but without loss of generality, the single debt instrument is
a one-period discount bond. We let r; denote the world rate of return on risk-free
securities, and let P2 = (1 4+ r,)~! denote the price per unit of one-period discount
bonds purchased in period t. By, denotes the quantity of bonds purchased in period
t (maturing in ¢t 4+ 1). Following our earlier convention of letting lowercase letters
refer to the transformed economy, we let b; = B;/X; denote the value of bonds in
the transformed economy. Then the flow budget constraint for the home country in
period ¢ is:



'7PtBbt+1 +e i <y + by (9)
and for the foreign country is:
YPPb + ¢ i Sy + B (10)

As before, let m be the fraction of world population residing in the home country.
Then, since bonds are in zero net supply at the world level, bond market clearing
requires that:

Tb+(1—m)b;=0. (11)

Finally, the transversality conditions for the incomplete-markets economy are:

tli{glo Btptbt+l =0, (12)
Jim ;b =0, (13)

where p;, p! are the multipliers associated with the constraints (9) and (10).

By permitting asset accumulation, we have introduced a new parameter: the
steady state level of assets relative to output. In closed economies and in multi-
country models with fully pooled equilibria, each country’s holdings of assets which
are in zero net supply must be constant along any equilibrium path. In general, how-
ever, whenever there are multiple countries and incomplete risk pooling, the steady
state level of asset holdings will not be invariant to shocks to the world economy. We
set 8, = b/y = 0 so that per capita wealth is equal across countries in the deterministic
steady state.

The Appendix describes in detail how we solve for competitive equilibrium in this
model. The key insight is that the shifting wealth distribution associated with market
incompleteness can be appropriately accounted for by adding one country’s current
bond holdings to the model’s state vector. That is: the distribution of bond holdings
across countries in the world is a sufficient statistic for the history of the economy
in terms of determining current decisions by individuals. Thus models with market
incompleteness can be analyzed using the methods developed for complete markets
models with J countries, with the modification that the state space must be expanded
to include the bond holdings of J — 1 of the countries.

3 Implications for Business Cycles
In this section we examine the implications for the character of international business

cycles of restricting the portfolio of internationally tradable assets. We begin by
reviewing the international stylized facts, and then discuss the calibration of our



model. We turn next to the measurement and estimation of the productivity process.
Whether asset markets are important depends importantly on the properties of the
stochastic process for productivity. For this reason, this section also presents some
new empirical evidence on international productivity.

3.1 Open economy business cycles

Table 2 presents summary business cycle statistics for eight OECD countries. To ren-
der the data stationary, all variables have been filtered with the Hodrick and Prescott
(1980) filter. The central stylized facts of business cycles are similar across coun-
tries: (1) there is a tendency for consumption to be less volatile than output while
investment is more volatile; (i) output movements are highly persistent; and (iii) con-
sumption and investment are both highly correlated with fluctuations in output. The
lower panel of Table 2 shows that both outputs and consumptions have a tendency
to covary positively across countries, but international consumption correlations tend
to be lower than international output correlations. Finally, labor market data for the
U.S. shows that (i) labor input is less volatile than output, as is average labor pro-
ductivity; (ii) labor input is highly correlated with output, as is the average product
of labor, and (iii) average labor productivity and the level of labor input are roughly
uncorrelated. Labor market statistics for other countries are omitted since accurate
measures of total labor input are not readily available.

3.2 Calibration and model solution

The world is assumed to comprise two equally-sized countries with identical prefer-
ences and technology. The parameters of preferences and technology are the same
as in Baxter and Crucini (1993). That is: the coefficient of relative risk aversion is
set at 0 = 2, which is in the range of many empirical estimates. Labor’s share is
a = .58; as noted in King, Plosser, and Rebelo (1988), this is the average postwar
value of labor share in GNP, excluding proprietor’s income. The discount factor, 3,
is set so that the steady state annual real interest rate is 6.5%; the average quarterly
gross growth rate of the economy is v = 1.004, and the quarterly depreciation rate is
6 = .025. These parameter values were set so that the model’s steady state matches
the average postwar behavior of the U.S. economy. The business-cycle behavior of
the model is insensitive to modest perturbations in these parameters; for a sensitivity
analysis of the complete market models, see Baxter and Crucini (1993).

The adjustment cost function is specified as follows. Since we are interested in
the near-steady-state dynamics of the model economy, we do not need to specify a
particular functional form for adjustment costs. Rather, we need only specify the
near-steady-state behavior of the adjustment cost function. That is: we must specify
the level, slope, and curvature of this function at the steady state point. Thus we set ¢’
so that the steady state value of Tobin’s ‘q’ is one—that is: the model with adjustment



costs has the same deterministic steady state as the model without adjustment costs.
Further, the elasticity of the investment-capital ratio with respect to Tobin’s ‘q’ is
n=—(¢'/¢")+(i/k) = 15. Alterations in this elasticity primarily affect the volatility
of investment, thus we have set this parameter so that the model generates realistic
investment volatility.

It is well known that the system of equations that implicitly defines the equilibrium
of the one-sector closed-economy model does not have an analytic solution, except in
a small number of special cases. A variety of numerical methods have recently been
developed for obtaining approximate solutions to a particular nonlinear equilibrium
problem: see the summary paper by Taylor and Uhlig (1990) and the papers cited
therein. One method which has been shown to work well for the closed-economy
neoclassical model is log-linear approximation of the equilibrium decision rules that
solve the Euler equations; see, for example, Dotsey and Mao (1992). The point
around which the approximation is taken is the model’s initial deterministic steady
state. The resulting linear system is solved by application of standard linear systems
theory, as described in King, Plosser, and Rebelo (1987). See their paper for more
details on the solution method and its properties.

3.3 Measuring productivity

Following the work of Solow (1957), it has become commonplace to measure disem-
bodied productivity (A; and A7, in our notation) as a residual from a Cobb-Douglas
production function. In the notation of our model, the “Solow residuals” would be
measured as:

log(A:) = log(y:) — (1 — ) log(k:) — o log(Vy)

log(A7) = log(y;) — (1 — o) log(k}) — o™ log(N;)

Measurement of the Solow residual therefore requires measures of output, capital
input, labor input, and factor shares. For the United States, measures of all these
variables are available, although there naturally is substantial disagreement concern-
ing the accuracy of these measures. For other countries, in many cases, the necessary
data are not readily available. Backus, Kehoe, and Kydland (1992) used output data
and employment data to construct estimates of Solow residuals for the U.S., Canada,
and an aggregate of six European countries. These measures omit the term involving
capital input. Further, the mismeasurement of labor input by using employment in
place of total hours worked is a potentially serious problem: Burdett and Wright
(1989) show that for many European countries, more of the variance in total labor
input is explained by hours variation than by employment variation. Despite the mea-
surement problems, the Backus, et al. estimates provide a valuable starting point, and
we begin by briefly reviewing their findings.



Backus, Kehoe, and Kydland (1992) modeled the productivity shock process as
the following vector-autoregressive process:

logA;, | p v log Aty €
log A} [p* v* ] [logA’t“_1 + € (14)

with E(e) = E(ex) = 0 and E(e?) = 02, E((ex)?) = o2, and E(e, €}) = o for all ¢.
Backus, Kehoe, and Kydland (1992) estimated eq. (14) for (i) the U.S. versus Canada,
and (ii) the U.S. versus an aggregate of six European countries. Their estimates are

given below; standard errors are in parentheses.

0.989 0.131
U.S.: log A log A, €
<] o oos s i  plews €) = 0.434
Canada: log A* 0.000 0.796 log A* o 1 PLEt, € .
' 8% (0.093)  (0.079) 8 A :
0.904 0.149
U.S.: log A log A, _ €
841 1 (0.074)  (0.064) g A . et = 0258
* 0052 0908 . . I ty ©4 B
Europe: log A7 log A;_, €;

(0.041)  (0.036)

We see from these estimates that shocks to productivity are highly persistent, and
that there is some evidence of transmission of shocks from one country to another
(v, v* > 0). Further, the innovations to productivity are positively correlated across
countries.*

Because the Backus, et al. estimates indicate that shocks to the productivity
process are highly persistent and that the transmission or “spillover” parameters
are positive but carry large standard errors, we investigated the hypothesis that the
Solow residuals follow a random walk without spillovers, but with possibly correlated
innovations.® Table 1, panel A reports the results of the J(p,q) test for a unit root
and zero transmission in each of the three Solow residual series generated by Backus,
Kehoe, and Kydland (Canada, Europe, and the U.S.). In each case, we fail to reject
the null hypothesis at conventional significance levels.

A natural next question is whether there is a cointegrating relationship between
the Solow residual time series. Table 1, Panel B reports the results of tests for
cointegration: there is evidence of cointegration between the U.S. and Canada, but
the evidence for cointegration is weaker for the U.S. and Europe. Based on these
results, we estimated a vector-error-correction model for the U.S. and Canada, and a
standard VAR in first-differences for the U.S. and Europe; the results are in Table 1,

4See also a recent contribution by Reynolds (1993). Her findings show that, in many cases, the
spillover parameters are not significantly different from zero.
SAll test statistics used in this analysis are discussed in Park {1990].

10



panel C. There appears to be no significant international transmission of shocks, with
the possible exception of transmission between the U.S. and Canada. Based on these
estimates, we cannot reject the hypothesis that productivity in each country follows a
random walk with drift, without transmission, but with innovations that are positively
correlated across countries. In the remainder of the paper, we therefore examine
the business cycle implications of alternative asset structures under two assumptions
concerning the stochastic process for productivity: (i) Backus, Kehoe, and Kydland’s
“symmetrized parameterization,” which is characterized by trend-stationary shocks
with correlated innovations and substantial international transmission (“spillovers”);
and (ii) a random walk process for productivity without spillovers, but with correlated
innovations.

3.4 Trend stationary productivity with spillovers

We begin by comparing the cyclic behavior of the complete markets economy to that
of the bond economy when the stochastic process for productivity is given by the
Backus, et al. “symmetrized parameterization” of the relationship between U.S. and
European productivity under which p = p* = 0.906, v = v* = 0.088, and ¥ = 0.258.
Under this parameterization, innovations to productivity are positively correlated
across countries (¢ > 0) and shocks that originate in one country “spill over” to the
other country at the rate of 8.8% per quarter (v = .088). We set the innovation
variances equal to one.®

Table 3 compares the response of the complete markets economy to the economy
which is restricted to financial trade in bonds alone when both economies are driven
by the trend-stationary productivity shock with spillovers. The statistics reported in
this table are the model’s population moments for Hodrick-Prescott (1980) filtered
time series.” Surprisingly, the differences between the business cycle implications
of these two (apparently) very dissimilar models are really quite minor. Compared
with the complete markets economy, the bond economy displays similar volatility
of output, consumption, investment, labor input, the wage rate, and the net export
ratio.® In the bond economy, however, bond holdings as a fraction of output are about
three times as volatile as output. Bond holdings have zero variance in the complete

6Since our log-linear solution algorithm generates decision rules that display certainty equivalence,
only the scale of volatility changes as we change the innovation variances. Relative volatilities, such
as the standard deviation of consumption divided by the standard deviation of output, are invariant
in this setup to the size of the shock variance.

"The population moments for the filtered time series are computed using the rational polynomial
version of the Hodrick-Prescott filter applicable to an infinite sample of data, as discussed in King
and Rebelo [1993]. Even though the incomplete markets model implies that there is a unit root
component to each country’s real quantity variables, the HP filter contains four differences in the
numerator of the rational polynomial, so that population moments for the filtered series are well-
defined.

8In our model, the wage rate equals the average product of labor.
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markets economy; a well-known characteristic of fully-pooled equilibria is that asset
holdings need not fluctuate. In terms of persistence, the two models are essentially
indistinguishable except, once again, for the behavior of bond holdings.

Turning to the contemporaneous correlation of macroeconomic aggregates with
output, we see that the bond economy generally predicts higher correlations of most
variables with same-country output, although the numerical differences are very small.
The bond economy predicts higher international correlations of output, investment,
and labor input, and smaller international correlations between consumption and
wage rates. The within-country correlation between saving and investment is slightly
lower in the bond economy compared with the complete markets economy. This
might seem surprising, since one’s intuition is that closing asset markets, thus forcing
individuals to bear more country-specific risk, would act to increase within-country
saving-investment correlations. However, this “basic saving measure” (defined as
output minus consumption) need not be a good measure of true saving in an open
economy, as discussed by Obstfeld (1986) and Stockman and Svensson (1987).

Finally, the asset structure is of minor importance for the predicted correlation
between the wage rate and the level of labor input. The complete markets economy
predicts a correlation of 0.66, which is about the same as the predictions of the closed-
economy real business cycle model calibrated to U.S. data (e.g., the model in Baxter
and King (1991) predicts a correlation of 0.65). Restricting asset trade to bonds alone
has the effect of slightly increasing the predicted correlation, to a level of 0.69. In the
U.S. data, this correlation is -0.04.

How do these models do overall in terms of generating empirically accurate predic-
tions? As discussed by Backus, Kehoe, and Kydland (1992) and Baxter and Crucini
(1993), the complete markets economy does reasonably well in matching the stylized
facts concerning volatility and persistence of macro aggregates. Much more problem-
atic are the complete markets model’s implications for cross-country correlations of
output, consumption, investment, and labor input. Specifically, this model has diffi-
culty generating positive output comovement (and correspondingly positive comove-
ment of investments and labor inputs across countries). Further, the model predicts
a level of cross-country consumption correlation that is much too high relative to the
data.

Because individuals are subject to idiosyncratic (nation-specific) risk in the bond
economy, in equilibrium this economy will display nation-specific fluctuations in con-
sumption. Thus we expect that the international correlation between consumptions
should be lower in the bond economy, and it is-but not much lower. The complete
markets economy predicts an international consumption correlation of 0.95, while
the bond economy predicts a correlation of 0.92. (Table 2 shows that the empirical
correlations range from 0.11 to 0.65.)

Similarly, the absence of insurance against labor income risk in the bond economy
is important for the cross-country correlation of labor inputs. In the complete markets
economy, the response to a positive productivity shock in one country generates an
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increase in labor input in the productive country, and a tendency for a decline in labor
input in the relatively unproductive country. Because of the optimal insurance char-
acter of the complete markets equilibrium, workers in the productive country agree
to “share” some of the additional output generated by the increase in productivity
and labor input, in exchange for similar “sharing” when the other country receives
a positive productivity shock. In the bond economy, individuals can only smooth
consumption across time (by buying or selling bonds); they cannot smooth consump-
tion across different “states of nature” because of the absence of contingent securities.
This reduces the tendency for labor input to decline in the temporarily unproductive
location (we will discuss the details of these mechanisms further in Section 4). But
again, while we see this effect in somewhat higher international correlations between
output, investment, and labor input, the effect is not strong enough to make the bond
economy a good description of the international data along these dimensions.

In summary, with trend-stationary shocks and substantial spillovers, we find that
restricting international trade in financial assets to noncontingent bonds alone has
very minor effects on the model’s predictions for the business cycle behavior of the key
macroeconomic aggregates. In particular, restricting asset markets helps only slightly
in remedying the chief empirical failings of the one-sector international equilibrium
business cycle model, which are (i) high international consumption correlations; (ii)
negative international correlations of output, labor input, and investment; and (iii) a
strong, positive correlation between labor input and real wages.

3.5 Random-walk productivity without spillovers

As shown in Section 3.1, we cannot reject the statistical hypothesis that the logs of
total factor productivity follow random walk processes without spillovers but with
correlated innovations. This section therefore examines the implications of this pro-
cess for the behavior of the complete markets economy and the bond economy. Table
4 presents the two models’ predictions for the central business cycle statistics, under
the assumption that p = p* = 1, » = v* = 0 (as in Table 3, these are Hodrick-Prescott
filtered population moments). All other parameters, including the contemporaneous
correlation of the shocks and the innovation variances, are the same as in Table 3.
It is immediately evident from Table 4 that there are important differences be-
tween the complete markets economy and the bond economy. In contrast to the
results for the trend-stationary-with-spillovers parameterization, reported in Table 3,
market structure matters a great deal when shocks are permanent and there is no
transmission. First, the levels of output volatility, investment volatility, and labor
input are substantially higher in the complete markets economy, compared with the
bond economy; in fact investment and labor input are about twice as volatile in the
complete markets economy. Recall that one effect of the complete risk-pooling in the
complete markets economy is a strong increase in labor input in response to positive
productivity shocks. Because of the complementarity of labor input and capital in-
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put, the stronger labor response in the complete markets setting is accompanied by
a stronger investment response and, consequently, a stronger output response.

The most striking differences between the models appear when we look at the
international correlations of output and consumption. As noted above, a well-known
failing of the complete markets model is its robust prediction of too high an interna-
tional consumption correlation, combined with a too-low prediction for the interna-
tional correlation of outputs. In section 3.2, we saw that the bond economy shares
this law when shocks to total factor productivity are trend-stationary and subject
to spillovers. When the shocks are purely permanent, as in Table 4, the complete
markets economy continues to exhibit this counterfactual pair of predictions; in fact,
the predictions for output correlations are even worse (i.e., even more strongly neg-
ative). But when the bond economy is subject to purely permanent shocks, this
model predicts a substantial, positive international output correlation (0.54) and a
negative consumption correlation (-0.28)! (While this configuration of correlations
is unusual in the data, Baxter and Crucini (1993) did find this pattern of positive
output correlations and negative consumption correlations for four country pairs.)

With random walk productivity, the two asset structures also differ importantly
in their implications for the cyclic behavior of labor input. The bond economy pre-
dicts a weak (0.19) contemporaneous correlation of labor with output compared to
the prediction of 0.93 for the complete markets economy. However, despite the fact
that asset market restrictions have increased output correlations to an empirically
reasonable level, the bond economy continues to underpredict international comove-
ment of labor input and investment. With the random walk specification, both asset
structures predict a negative correlation between the net export ratio and output,
which is characteristic of most OECD countries (although not the United States).
Under this parameterization, the complete markets model continues to predict high
saving-investment correlations but the bond economy does not. In fact, the predicted
correlation of 0.04 in the bond economy is much lower than saving-investment cor-
relations typically found in the data for this measure of saving. (As noted earlier,
however, this “basic saving” measure may not be an accurate measure of true saving
in the economy.) Finally, the complete markets model predicts a substantial positive
correlation between productivity and labor input, while the bond economy generates
a strongly negative correlation. In the data, these variables are roughly uncorrelated.

Figure 0 shows how cross-country consumption and output consumption correla-
tions, as well as within-country productivity-labor correlations, depend on the persis-
tence of the shock and market structure. The top panel has results for the complete
markets economy; the bottom panel has results for the bond economy. With com-
plete markets, increasing persistence of the shock process leads to lower cross-country
output correlations. The productivity-labor correlation also decreases with increased
persistence, but never approaches the approximately zero correlation observed in the
data. Changing persistence has a negligible (positive) effect on cross-country con-
sumption correlations.
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In the incomplete markets economy, by contrast, consumption correlations de-
crease dramatically as persistence rises, as does the correlation between productivity
and labor input. At the same time, cross-country output correlations rise with in-
creased persistence. The economic mechanisms behind these effects are explored in
the next section.

4 Dynamic Response to a Productivity Shock

The preceding section explored the implications for the summary statistics of business
cycles of alternative assumptions concerning (i) the stochastic process for productiv-
ity shocks and (ii) market structure. The chief findings of that section were that
restricting financial trade to noncontingent bonds alone had minor effects on the
business cycle statistics when productivity was assumed to follow a trend station-
ary process exhibiting high persistence with substantial international transmission of
shocks. However, when productivity contained a unit root, the restrictions on asset
trade had important effects.

In order to explore the economic mechanisms behind these differential responses,
this section studies the impulse responses of the alternative models when driven by
the trend-stationary process of section 3.2 versus random walk shocks, as in section
3.3. Throughout, we study the response of the world economy to a 1% increase in
total factor productivity which originates in the home country: A, =0.01.

4.1 Random walk productivity

In many ways the responses to purely permanent shocks are easier to understand, so
we start with this case. Figure 1 plots the responses of aggregate quantity variablesin
the two countries, and Figure 2 plots the responses of real wages, real interest rates,
and bond holdings. In both figures, stars denote the response of the bond economy,
and open circles denote the response of the complete markets economy.

Figure 1 shows that, under both asset structures, home country output, con-
sumption, and investment increase in response to the shock, while foreign country
investment falls. However, labor market behavior across countries is sensitive to the
asset structure, as is the cross-country behavior of consumption and output. First,
under complete markets, labor input increases in the home country and falls in the
foreign country; the reverse is true in the bond economy. Second, under complete
markets, consumptions move together across countries while outputs move in oppo-
site directions. In the bond economy, by contrast, consumptions move in opposite
directions while output rises in both countries (at least for the first few periods).

Figure 2 shows that the real interest rate implications of the shock are virtually
identical under the two asset structures; and that the positive productivity shock
causes the home country wage rate to rise under both structures, reflecting the positive
effect of the shock on labor productivity. However, the foreign country wage rate rises
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on impact in the complete markets economy but falls in the bond economy, mirroring
the labor responses. Finally, with asset trade restricted to bonds alone, the foreign
country accumulates bonds in response to the productivity shock in the home country,
(there is no change in asset holdings in the complete markets economy). We have
already seen that, in the bond economy, the foreign country responds by decreasing
consumption and increasing labor input; thus they must be accumulating bonds over
time. When adjustment to the shock is complete, the foreign country will work less
and consume less than in the pre-shock steady state; however, a higher share of this
consumption will be financed by the interest generated by the increased stock of debt
accumulated over the transition path.

Figures 1 and 2 illustrate that the within-country and cross-country responses
of consumption and labor are sensitive to the asset structure. In order to gain ad-
ditional insight into the reasons why consumption and labor responses differ across
asset structures, we employ King’s (1990) “Hicksian” method for decomposing the
consumption and labor supply responses into (i) a wealth effect, (ii) a real interest
rate effect, and (iii) a wage effect. The wealth effect is computed as follows. First,
compute the discounted present value of the change in utility caused by the altered
time path of consumption and leisure (in response to the shock). Next, compute the
constant consumption and leisure profiles that yield the same change in utility, using
initial steady-state wages and interest rates. The real interest rate effect is that part
of the response due to alterations in the interest rate alone, holding fixed wealth and
wage rates at their initial steady state levels; the wage effect is computed in a similar
fashion. These effects are plotted in Figure 3.

Beginning with the wealth effect on home country consumption, we find that the
positive productivity shock has a positive wealth effect in the bond economy, but has
a negative wealth effect under complete markets. The positive wealth shock in the
bond economy is easy to understand — the positive productivity shock means that
more output can be obtained using the same level of inputs. In the bond economy,
these inputs are completely domestically-owned. Because individuals value both con-
sumption and leisure, the natural response to a positive wealth shock (holding fixed
all prices) is to consume more and work less; we see that the wealth effect on labor
input is in fact negative in the bond economy (Figure 3-B).

Why is the home country wealth effect on consumption negative under complete
markets? Recall that, under complete markets, the response to a location-specific pos-
itive productivity shock is for individuals living in the productive location to increase
labor supply, taking advantage of the increase in productivity, while transferring some
of the proceeds of the increased labor input to individuals living in less productive
locations. Although home country consumption rises in response to the shock, home
country leisure falls so much that home country discounted utility actually falls in
response to the shock. Thus, the home country suffers a negative wealth effect.

In addition to the wealth effect, the productivity shock also induces substitution
effects associated with (i) alterations in the time profile of real interest rates (the
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intertemporal price of consumption), and (ii) alterations in the time profile for the
real wage rate. Since the real interest rate response is virtually identical under the
two asset structures (see Figure 2), the substitution effect stemming from this channel
is also virtually the same across the two cases. The substitution effect on home
consumption arising from the increase in the wage profile is positive and similar in
both cases, reflecting the fact that wages rise in response to the shock under both
asset structures. Thus in the home country, the differential consumption response
under the alternative asset structures is almost entirely due to differences in the size
of the wealth effect.

Similar arguments explain the responses of home country labor supply (Figure
3-B). Under complete markets, the wealth effect on labor is positive; i.e., the nega-
tive wealth effect induces an increase in labor input. With financial trade restricted
to bonds alone, the productivity shock implies a positive wealth shock, thus labor
input falls. As with home country consumption, the discount rate effects are nearly
identical across the two market structures: the increase in current real interest rates
(an increase in the price of current leisure, relative to future leisure) leads to an in-
crease in labor supply from this channel. The wage effect on labor input is positive
in the bond economy, but negative in the complete markets economy. As with the
consumption response, the biggest difference between the labor response across asset
structures lies in the wealth effects. Because the wealth effects are of different sign
under the alternative market structures, we find that labor input rises on impact in
the complete markets setting, but falls on impact in the bond economy.

In the foreign country it is also the case that the dominant differences across
the asset structures lie in the wealth effects. Because foreign country residents do
not own productive factors located in the home country, and because there is no
international transmission of the productivity shock, there is a zero wealth effect of
the shock on consumption and on labor supply. Under complete markets, however,
there is a positive wealth effect on consumption and a negative wealth effect on labor
supply. With optimal labor insurance, the efficient arrangement calls for the less-
productive country to “take a paid vacation,” working less and consuming more.
Under complete markets, the strength of the wealth effect in depressing labor input
is sufficient to counteract positive substitution effects from the increase in the real
interest rate and the increase in the real wage rate. Thus, on impact, foreign labor
input rises in response to the shock in the bond economy, but falls in the complete
markets economy.

Finally, in this case the incomplete markets model generates the interesting pre-
diction that cross-country output correlations exceed the cross-country correlation of
productivity. The Hicksian decompositions help us understand this result, as follows.
If we write out the production functions as

logy: = log A; + (1 — a)log k: + alog N, (15)
logy; =log A} + (1 — @) log ki + alog N}, (16)
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then the correlation between y; and y; depends on the cross-correlations of all the
variables in (15) and (16). In particular, negative cross-country correlations of labor
input and capital would tend to make outputs less correlated than the Solow residuals.
In the bond economy with random walk productivity, however, the output correlations
exceed the productivity correlations because there is a positive correlation between
the home country productivity shock and foreign labor input. When there is a positive
domestic productivity shock, foreign labor input rises due to the interest rate effect
(the wealth effect is zero, and the wage effect is slightly negative); these effects can
be seen in Figures 1 and 3. The negative comovement between labor inputs arises
because the increase in domestic productivity causes an initial decline in domestic
labor input: here, the wealth effect temporarily outweighs the combined influences of
the wage and interest rate effects.

4.2 Trend-stationary shocks with spillovers

Figures 4-6 plot the dynamic response to an innovation in home country productivity
when productivity follows the trend-stationary process with spillovers specified in
Section 3. We have already seen, in Table 3, that the summary statistics of business
cycles are largely invariant to the asset structure under this parameterization of the
productivity process. The dynamic responses detailed in Figures 4-6 give a similar
impression: the responses of the quantity variables (Figure 4) and prices and interest
rates (Figure 5) show very similar responses under the alternative asset structures.
The only significant difference is that, in the bond economy, assets are decumulated
in the foreign country in response to the home country productivity shock, whereas
there is no change in asset holdings in the complete markets economy.

The Hicksian decompositions of the consumption and labor responses plotted in
Figure 6 confirm the general impression that, with the trend-stationary process, there
is little practical difference between the two asset structures. Recall that, with random
walk productivity shocks, the primary difference across asset structures was due to
differential wealth effects. In Figure 6, we see that the wealth effects on the two
countries of the productivity shock are first of all small, and second, are virtually
indistinguishable across the two asset structures. The wealth effect of a temporary
shock will always be smaller than the wealth effect of a permanent shock of the
same size, so that this in itself is not surprising. The fact that the wealth effects
are almost identical across asset structures is more surprising, and this is largely
due to the fact that the productivity shock is transmitted across countries over time
via the “spillover” parameter, v. In fact, 8.8% of the shock is transmitted each
quarter, and apparently this is rapid enough so that the wealth effects of the shock
are nearly identical across countries even when asset trade is restricted to bonds alone
(the wealth effect is identical across countries under complete markets). As before,
the real interest rate effects are virtually identical across countries and across asset
structures.
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Figure 6-B is useful in understanding the forces behind negative international co-
movement of labor input under this parameterization. Although the wealth effects
and real interest rate effects of the shocks are approximately the same across countries,
the wage effects are quite different. The wage effect on home country labor is posi-
tive, reflecting the higher productivity due to the shock itself, combined with a rapid
run-up in investment (see Figure 4). In the foreign country, there is no immediate
effect on productivity, although individuals in that country realize that productivity
will increase in the future due to the “spillovers.” That is, labor productivity in the
foreign country is low, on impact, compared with its expected future value. Intertem-
poral substitution considerations mean that foreign country residents are induced to
increase current leisure with the expectation of lower future leisure when the spillover
effect brings increased productivity to the foreign country.

Once we understand the importance of the international transmission of the shock
(the “spillover”) for the wealth effects on labor and consumption, it is easy to under-
stand why foreign country residents decumulate bonds in response to the shock. As
noted above, these permanent-income consumers know that the favorable shock will
be coming to their country in a few quarters-rapidly enough that the positive wealth
effect is nearly as large as in the originating economy. But on impact, productivity
in the foreign country is low relative to its expected future level. Thus individuals
respond on impact to the positive wealth shock by decreasing current labor supply
and increasing current consumption, financing part of current consumption from the
proceeds of bond sales.

In summary, we find that with trend-stationary shocks and spillovers, the absence
of risk-sharing arrangements stemming from asset market restrictions is not important
for the character of international business cycles. With this parameterization of the
productivity shock process, nearly all of the fluctuations in productivity are common
across countries, i.e., there is little scope for risk-sharing in the first place, although
there is a role for intertemporal trade since productivity arrives in the non-originating
country with a lag. Since a real discount bond is the ideal instrument for undertaking
intertemporal trade, the restriction of asset markets to bonds alone has little effect
on equilibrium outcomes.

5 Conclusions

This paper has explored the importance of financial market linkages for the character
of international business cycles. We have found that restrictions on asset trade may
be important for business cycles, but that this result is sensitive to the stochastic
process for productivity. In particular, restrictions on asset trade are more important
(i) the more persistent is the shock; and (ii) the smaller are international spillovers
of productivity shocks. When there are important differences across asset structures,
these can be traced to important differences in wealth effects.
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This paper also contributes to the technical literature on solving dynamic mod-
els by providing an example of how Euler equation methods can be extended in a
straightforward fashion to the study of suboptimal dynamic economies. In partic-
ular, this paper illustrates how one can compute equilibrium in models in which
departures from optimality arise due to constraints on individuals’ opportunities for
risk-pooling, without suffering a significant increase in conceptual or computational
complexity. Because the equilibrium behavior of dynamic models can always be char-
acterized as the solution to a system of Euler equations (augmented by market clearing
conditions and equilibrium “consistency conditions” ), the same approach can be used
to study other models in which departures from optimality arise for a number of pos-
sible reasons, such as market incompleteness, imperfect information, or departures
from competitive equilibrium due to monopolistic behavior.

A Appendix

This appendix discusses the procedures that we use to solve the models described
in this paper. We begin by discussing the complete-markets model, and then turn
to models with restrictions on asset trade. Throughout, the notation is the same as
described in section 3.

A.1 Complete markets

Competitive equilibrium in the complete markets economy is also Pareto optimal,
thus this equilibrium can be found by carrying out a standard Lagrangian problem,
as specified below:

maz £ = Eo > B{{mu(er, L) + (1 — myu(c, L)

trw(l = Lo — No) + (1 = m)ywi(1 = Lt — N7)
+7A (1~ 6)ke — (vherr — ¢(2e/ ke )k:)]
+(1 =X [(1 = 6)k] — (vkiys — $G3/ D))
+pi[m(AF (key Ni) — ¢ — i) + (1 — m)(ATF(kf, N7) — ¢ — 7))}

The multipliers on the constraints in the Lagrangian have the following natural
interpretations as (utility-denominated) shadow prices:

wy, w; : wage rate
At, AT : price of existing capital
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p: : price of the final good (price of new capital).

The competitive equilibrium for this economy is found by solving the system of first-
order necessary conditions plus “consistency conditions” arising from this Lagrangian
problem. The competitive equilibrium for this particular economy is Pareto optimal,
but this approach works more generally for non-optimal competitive equilibria; see
Baxter (1991).

Letting D to denote the total derivative of a function of a single variable, and
letting D; denote the partial derivative of a function with respect to its j** argument,
the first-order necessary conditions for this Lagrangian problem are:

Cy. Dl'U(Ct, Lt) — Dt = 0 (17)
Lt: DQU(Ct, Lt) — Wy = 0 (18)
Ntl ptAthF(kt, Nt) — Wy = 0 (19)
itl A1D¢(lt/kt) — Dt = 0 (20)

keyr: Etu(it+1/kt+1)gxt+1 + ,BEtAtHDlF(ktH, Nyp1) =92 =0 (21)

we 1—Li—N;=0 (22)
At: kt+1 = (1 — 5)]61 + (]5(21/]61)]61 (23)
pe mlye— e — i)+ (1 —7)y; —c; — 4] =0. (24)

for all ¢ > 0, where u(2) = [¢(2) — 2zDé(z) + (1 — é)]. There are foreign-country
analogues to eqs. (17)-(23), and a transversality condition for capital in each country.

We solve the model by taking a log-linear approximation to the model’s initial
deterministic steady state. The resulting linear system is solved by application of
standard linear systems theory, as described in King, Plosser, and Rebelo (1987).
The planner weights are implicit in the steady state shares of world output consumed
by residents of each country; we set these shares as part of the calibration exercise.
As shown be Rebelo (1987) and discussed in detail in King, Plosser, and Rebelo
(1988b) it is not necessary to solve for the planner weights when solving the model
by log-linear approximation, since the weights are absent from the linearized Euler
equations.
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A.2 A partial equilibrium model of a small open economy

This sub-section describes a model of an open economy that is assumed to be too
small to affect the world interest rate. This is a partial equilibrium model because
the representative consumer in the small open economy optimizes in the face of an
exogenous process for the world interest rate. Solving the small open economy model
is a useful first step toward constructing a general equilibrium model with restricted
asset trade. The flow budget constraint, or asset accumulation equation, for the small
open economy is:

’YPtBbH-l +ci+ 1 S ye + by (25)

To solve the small open economy model, we specify the following Lagrangian
problem and then solve the resulting system of first-order conditions:

maz L =Ep ) Bt{u(cs, Ly)

1=0
+w(1 — Ly — Ny)
AL = 8)ke — (Vhepr — Bt/ ke )ke)]
+p (yt + by —YPPbiyy — ¢, — it) :

The first-order necessary conditions obtained by maximizing the Lagrangian with
respect to ¢;, Ly, N, i1, kiy1, Wy, and A, are exactly the same as the corresponding
efficiency conditions for the complete-markets economy described above, together
with the transversality conditions for debt holdings (egs.(12) and (13)). There are
two first-order conditions that are different: these are the efficiency conditions for
b:41 and for p, (i.e., the flow budget constraint) which are as follows:

(bey1): BEipiyr —ypPE =0 (26)

(pt): bt + AtF(k‘t, Nt) — ¢ — it - PtB’)’bH,] =0 (27)

The steady state real interest rate is determined by equation (26): yPB = 3.2 The
remaining first-order conditions determine the evolution of all endogenous variables
as functions of the controlled states (b, k;); the corresponding costates (p:, A;); and
the exogenous variables (A;, PP). As before, the model can be linearized and solved
using the procedure outlined in King, Plosser, and Rebelo (1987).

Recall that we assumed that J is the same for all countries in the world, so that (26) holds

for each country, and Ry = E is also a world general equilibrium condition. This requirement also
guarantees that no country grows arbitrarily wealthy over time in the deterministic version of the
model.
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A.3 General equilibrium with restricted asset markets

Next, we consider a two-country world in which each country can trade a non-
contingent real bond with residents of the other country. That is: the representative
individual in each country faces the same problem as the individual described above
in the small open economy. The only difference is that, in general equilibrium, the
interest rate process is not exogenous. Rather, the interest rate adjusts to clear the
bond market. In particular, bond-market clearing requires that:

7 b+ (1—m)b; =0. (28)

since bonds are in zero net supply in the world economy.
Combining equation (28) with aggregate financial asset accumulation equation

TPPoyi + (1 —m)PP; 2 wlb+ye— o — i + (L —m)[bf +y; —c; — 4] (29)
implies goods-market clearing (due to Walras’ Law)

The first-order necessary conditions for the representative individuals’ problem are
given by eqs. (17)-(23) (with foreign-country analogues), together with the following:

(be1): 5Etpt+l - '7PtP =0 (31)

(bE41): 5Etpt+1 ’YPtPB =0 (32)

pe: by + AF(ky, Ny) — ¢ — i, — PPyby, = 0. (33)
Pl b+ AIF(k,NY) — ¢ —if — PPAb},, = 0. (34)

In world general equilibrium, the interest rate process implicit in PP is endoge-
nously determined: from (31) and (32), we have P2 = BE/(piy1/vp:) = ﬂE,(pH,l/pt)

The key issue is how to compute the world general equilibrium. The procedure
we use is as follows. First, we drop one of the asset accumulation equations (i.e.,
one of eqs. (33) and (34)) since eq. (28) implies that, in a two-country world, only
one of the asset stocks is independent. We let this be the foreign country’s asset
stock. Second, we treat the home country’s shadow price (p) as an additional control
variable. This augmented system determines the world control vector as a function of
the world controlled state vector [k;, k}, b7]; the world costate vector [A;, A}, p;]; and
the exogenous variables [A¢, A7]. Third, we impose the equilibrium condition that

= BE:(pi41/7p:). That is, we replace PP with the expression BE:(p.41/p:) in the
accumulation equations.

This three-step procedure yields a dynamic system with that can be linearized
and solved in the standard manner. Note that the new state variable—the foreign
country’s bond holdings—is a sufficient statistic for the current distribution of wealth.
Further, the solution satisfies the transversality conditions (12) and (13).
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TABLE 1

Statistical Properties of International Solow Residuals!

Panel A: Park and Choi J(p.q) Test for Unit Root

(The null hypothesis is a unit root: the hypothesis is rejected
if the test statistic is smaller than the critical valueg

Measure of Solow Test Statistic
Residual (time period) J(1,2) J(1,3) J(1,4) J(1,5)
U.S. (1965:3—1988:3) 0.124 0.645 0.699 0.745
Canada (1965:3—1988:3) 0.343 1.346 1.948 3.461
U.S. (1970:2—1986:4) 0.010 0.255 0.275 0.309
Europe (1970:2—1986:4) 0.740 0.946 0.967 1.179
critical values: 1% 8.6e-5 0.011 0.055 0.123
5% 0.002 0.055 0.160 0.295
10% 0.009 0.120 0.290 0.452

Panel B: Tests for Cointegration

We used Park's canonical cointegrating regression to estimate a; such that At_aAt =
€ 8 stationary random variable. Next, we used Park's H(p,q) test for stochastic
cointegration; p—values are given in the table below. In each case, the U.S. is the

unstarred variable (i.e., « is the coefficient on Canada or Europe).

p—values
o se(a)  H(,2)  H(1,3) H(1,4)  H(1,5)
US. — Canada 0.580  0.061 0313 0523  0.707  0.462

U.S. — Europe 0.603 0.041 0.046 0.039 0.082 0.145




Table 1, cont'd.

Panel C: Estimates of stochastic processes for Solow residuals

A denotes the first difference of a variable, i.e., AAt = At_A as before the U.S. is

t-1’
the unstarred country. Standard errors are in parentheses.

U.S.—Canada.
AA, = 0.003 + 0.113 AA, , + 0.048 AA* . — 0.074 (A, ,—A* ) + u
7 o001) (0117) 1 (o101) U (oosp) Lt

AA¥ = 0.005 + 0.283 AA + 0.035 AA¥ . + 0.021 (A, ,-A¥ .) + u}
b7 (0001) (0.131) 1 (0112) b (o.0sg) 1 tLT Tt

o2 = 8.38e3; ol = 03403; p(uu*) = 0.392.

U.S.—Europe: (error—correction term omitted due to lack of cointegration)

AA, = 0002 + 0003 AA, | + 0193 AA*  + u,
(0.001)  (0.126) (0.134)

AA* = 0.005 + 0196 AA,_, - 0.076 AA*  + u}
(0.001)  (0.110) (0.117)
"2 _ .2 C ol k) —
oy = 9.07e-3; oy 4 = 7.95e-3; p(u,u*) = 0.228.

Notes:

1. Al the tests reported in this table are discussed in Park [1990].



TABLE 2
Business Cycle Statistics for 8 OECD Countries

relative contemporaneous
volatility correlation
Country 0lo,  oloy gy Ay Aoy pliy)
Australia 0.69 2.17 1.46 0.67 0.62 0.55
Canada 0.88 2.83 0.83 0.79 0.72 0.62
France 0.89 1.92 0.81 0.79 0.58 0.45
Germany 0.70 3.40 0.88 0.71 0.64 0.80
Italy 0.82 2.49 1.76 0.78 0.70 0.80
Japan 1.12 2.31 0.93 0.74 0.47 0.60
Switzerland 0.77 2.88 1.50 0.70 0.74 0.73
U.S.A. 0.67 3.00 0.41 0.84 0.88 0.90

correlation with
same U.S. variable Additional labor market
statistics for the USA

Country output cons'n.

Australia 0.24 0.11 oN/oy: 0.84
Canada 0.77 0.65 Uprod./oy: 0.57
France 0.50 0.28 p(N,y): 0.83
Germany 0.44 0.45 p(prod, y): 0.54
Ttaly 0.47 0.23 p(prod, N):  —0.04
Japan 0.42 0.41

Switzerland 0.28 0.22

U.S.A. 1.00 1.00




Notes to Table 2:

With the exception of the U.S. labor market statistics, all statistics are taken from
Baxter and Crucini [1991). The data is from the International Financial Statistics, and
is quarterly postwar data, with coverage varying by country. This is the same
dlalxtabase used by Backus, Kehoe, and Kydland ﬁ1992] who graciously provided us with
their data.

Statistics for U.S. labor markets were taken from Baxter and King [1991]; the original
data source was Citibase. The data is quarterly data from 1955:1-1990:3. In this
table, "N" denotes labor input (hours worked), and "prod" denotes productivity
computed as output per manhour.

All data has been detrended using the Hodrick—Prescott [1980] filter.



Table 3

Trend Statiopary Shocks

(1) results for complete markets economy

(2) results for economy trading noncontingent bonds and goods only

Standard Relative corr wly, Other

(1) ) (1) (2) (1) () (1) () (1) (2)
| output 2.01 1.99 1.00 1.00 0.75 0.76 1.00 1.00 y,y* 0.04 0.06
| cons'n 0.97 0.98 0.48 0.49 0.81 0.81 0.82 0.84 c,c* 0.95 0.92
§ invest. 3.72 3.55 1.85 1.79 0.73 0.74 0.98 0.97 i,i* 0.02 0.12
labor 1.07 1.02 0.53 0.51 0.73 0.72 0.91 0.91 N,N* -0.70 -0.67
wage 1.13 1.14 0.56 0.57 0.80 0.80 0.92 0.93 w,w* 0.75 0.72
| net 0.57 0.59 0.29 0.30 0.80 0.80 0.65 0.65 s,1 0.95 0.94
1 bonds 0.00 3.22 0.00 1.62 0.00 0.98 0.00 0.23 w,N 0.66 0.69




Table 4

Unit Root in Productivi

(1) results for complete markets economy

(2) results for economy trading noncontingent bonds and goods only

Standard Relative corr w/y, Other \
_deviation std. dev. Persistence lag O Correlations |
1 2) 1) 2) 1) ) A1) (2) 1) (2)
output 2.58 1.59 1.00 1.00 0.87 0.82 1.00 1.00 y,y* -0.41 0.54
cons'n 1.03 1.67 0.40 1.05 0.82 0.80 0.72 0.85 c,c* 0.89 -0.28
invest 11.84 4.74 4.60 2.98 0.77 0.78 0.71 0.74 i,i* -0.92 -0.50
labor 1.58 0.71 0.61 0.45 0.89 0.78 0.93 0.19 N,N* -0.91 -0.56
wage 1.25 1.62 0.48 1.02 0.83 0.80 0.89 0.90 w,w* 0.50 -0.11
net 2.39 1.61 0.93 1.01 0.81 0.77 -0.18 -0.28 s, 0.74 0.04
bonds 0.00 8.18 0.00 5.13 0.00 0.98 0.00 0.35 w,N 0.66 -0.25 J




goods units

goods units

goods units

percent

0 10

0.5

-0.5

0 10

0 10

0 10

FIGURE 1

Random walk productivity without spillovers:
Quantity responses to productivity shock in home country
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FIGURE 2

Random walk productivity without spillovers:
Price and interest rate responses to productivity shock in home country
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FIGURE 3-A

Random walk productivity without spillovers:
Hicksian decomposition of consumption response
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FIGURE 3-B

Random walk productivity without spillovers:
Hicksian decomposition of labor response
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FIGURE 4

Trend-stationary productivity with spillovers:
Quantity responses to productivity shock in home country
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FIGURE 5

Trend-stationary productivity with spillovers:
Price and interest rate responses to productivity shock in home country
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FIGURE 6-A

Trend-stationary productivity with spillovers:
Hicksian decomposition of consumption response
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FIGURE 6-B
Trend-stationary productivity with spillovers:
Hicksian decomposition of labor response
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