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Abstract
Dynamic factor analysis and Kalman filtering are used to construct a measure of common
economic activity for the G7 countries. Common movements are important in produc-
tivity, but account for a substantially smaller share of movements in investment, and
virtually none of the variation in the current accounts. For all seven countries, country-
specific investment fluctuations have a significant negative impact on the current account.
while country-specific productivity movements have little effect. A multi-country dynamic
general equilibrium model is analyzed which is consistent with our qualitative findings.
The model overstates, however, the quantitative importance of investment fluctuations for
movements in the current account.
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1. Introduction

The literature on the intertemporal approach to the current account investigates the
proposition that a country’s current account is determined by its intertemporal choices
between savings, investment and consumption (for a survey of this literature, see Obstfeld
and Rogoff (1994)). Empirical analysis of these relationships has been the subject of several
studies. For example, Sachs (1981) found that investment booms tend to be associated with
deteriorations of the current account balance for most developed countries. Tesar (1991),
however, finds only weak evidence for such a relationship. Glick and Rogoff (1995) consider
a model in which both global and country-specific technology shocks lead to investment
fluctuations. Only country-specific investment movements are related to deteriorations in
the current account. They present evidence that country-specific investment fluctuations
are negatively related to the current account for the G7 countries (the U.S., U.K., France,

Germany, Italy, Canada, and Japan).
The theoretical model studied by Glick and Rogoff (1995) is one of a small open

economy, and so the distinction between country-specific and world-wide phenomena is
explicit and distinct. For the empirical investigation, they use averages of investment
and productivity across countries to represent their measures of world-wide aggregates.
Since each of the G7 countries is large, however, the distinction between country-specific
and world-wide fluctuations is actually somewhat blurred, and all fluctuations in a given
country probably embody elements of both. In this paper we propose an alternative
approach using dynamic factor analysis and Kalman filtering to study the relationships
among total factor productivity (measured by the Solow residual), investment, and the
current account for the G7 countries. In particular we estimate common and country-
specific components in these three variables, and consider their fluctuations over time. The
unobservable common component that we estimate is a measure of dynamic co-movement
among the seven countries, and is an example of a “common feature” in the language of
Engle and Kozicki (1993). We interpret this component as an overall measure of common
economic activity for the G7 countries. We also estimate the effects of this component and
the (also unobservable) country-specific components to both investment and productivity

on the current account.



We find that the importance of the common component is greatest in total factor
productivity, although it accounts for a statistically significant, but substantially smaller,
share of investment fluctuations. With regard to country-specific fluctuations in invest-
ment, we find that a significant share are accounted for by country-specific productivity
moveménts, but that an even greater share are due to other factors. With regard to the
effects of fluctuations in productivity and investment on the current accounts, we find that
country-specific investment fluctuations have a significant negative impact on the current
account, while common movements have no significant effect. Also, country-specific pro-
ductivity fluctuations have little effect on the current account. Quantitatively, the effects
of productivity fluctuations on the current accounts are very small. In contrast, country-
specific investment fluctuations in investment account for more than 15% of the variance
of the ratio of the current account to output in all countries except Germany, and for more

than a third of this variance for three of the seven countries.

We then compare our findings to the predictions of a multi-country model of inter-
national risk sharing where fluctuations are driven by both technology and government
spending shocks. The economy we consider is a version of that studied by Baxter and
Crucini (1993). In this model, all fluctuations are to some extent global regardless of
whether they emanate from a shock that occurs in all countries or in only one. The evo-
lution of the world-wide state, which contains all of the technology parameters, all of the
national capital stocks, and all of the levels of government spending, determines a pattern
of fluctuations in output which are to some extent global in character. These fluctuations
generate a pattern of investment and intertemporal trade flows which are associated with
fluctuations in the current account. Unlike Glick and Rogoff’s model, this model does not
provide an explicit decomposition of fluctuations in any endogenous variable into country-
specific and global components. Therefore, in order to compare the predictions of the
model to our empirical findings, we estimate the same dynamic factor decomposition ap-
plied to the G7 data with artificial data (generated by the model) on productivity shocks,
investment, and the ratio of net exports to output.

We calibrate the exogenous technology shock process in the model to our estimates of

the effects of the common component on Solow residuals, and the fiscal shock process to
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properties of government spending in the U.S.. We then consider the relationships between
these shocks and fluctuations in investment and the current account. The model accurately
reproduces the qualitative features of the G7 data along several dimensions. Quantitatively,
however, investment fluctuations play a somewhat greater role in accounting for current
account movements than in the G7 data. In the artificial economy, fluctuations in invest-
ment account for nearly 65% of the variance of the current accounts of all countries in our
base case calibration, while in the data they account for more than 50% of the variance of
the current account only for Italy.

We then consider whether either large adjustment costs or large fiscal shocks can
substantially reduce the share of the variance of the current account arising from country-
specific investment fluctuations in the model. We find that in principle either can. Very
large adjustment costs are needed, however, and large adjustment costs cause the model to
overstate the importance of common movements in investment. While large fiscal shocks
are able to bring the artificial economy’s quantitative predictions closer to our empirical
findings, they must be substantially larger than is consistent with our calibration.

Overall, analysis of the artificial economy suggests that while the relationships among
productivity shocks, investment, and the current account that are stressed in the model
(and in the intertemporal approach to the current account in general) are present in G7
data, they are only part of the story. The largest shares of the variances of the G7 current
accounts over the period studied are those not accounted for by either common or country-
specific fluctuations in total factor productivity and investment. Fiscal shocks (or demand
shocks more generally) might provide an explanation, but only if they are of sufficient
magnitude.

The rest of the paper is organized as follows. Section 2 describes the dynamic factor
model which is estimated using both actual and artificial data. Section 3 presents the
empirical findings. Section 4 describes the artificial economy, and Section § presents the

estimates of the dynamic factor model using artificial data. Section 6 concludes.

2. The Dynamic Factor Model

In this section we describe the dynamic factor model. As both the general framework
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and the methods used to estimate the model are standard the presentation of the technical
aspects is brief; interested readers are referred to Stock and Watson (1991) and Harvey
(1989) for a more complete description. Dynamic factor models have also been studied
extensively in the macroeconometric literature (for example by Geweke (1977), Geweke
and Singleton (1980), Sargent and Sims (1977), Watson (1994), and Watson and Engle
(1983)). Gregory, Head, and Raynauld (1995) estimate a dynamic factor model to study
world business cycles, but do not consider fluctuations in the current account. In that
study a dynamic factor model is used to decompose aggregate output, consumption, and
investment for each of the G7 countries into a single world-wide common factor, seven
country specific factors, and factors specific to each series. The focus there is on the share
of aggregate fluctuations in each of the countries accounted for by common and country-
specific factors, and on identifying business cycle episodes in the individual countries that
can be accounted for by the world business cycle.

Let Z;; denote a measure of total factor productivity for country j at time ¢, where j =
1,...,7indexes the G7 countries. Similarly, let I;; and C A;; denote measures of investment
and the current account for country j, respectively. The dynamic factor decomposition

can then be written,

Zjy = oIy + %,

Ijy = ol T, + ;% + &}, j=1,...,1. (2.1)
CAji =oAL + 77 8%, + 7] &), + 85

Here I'; is a world-wide factor common to all variables for all countries. We interpret
this as a measure of overall economic activity that is common to the G7 countries. Total
factor productivity in country j is decomposed into two components: One component is
the product of the world-wide factor Iy and a time-invariant impact coefficient, a]-Z ; the
other component, dijzt, is specific to country j. Investment in country j is decomposed
into three components: a world-wide component given by afl"t, a component associated
with the country-specific factor in total factor productivity, ﬂj@th, where f(; is a time
invariant impact coefficient, and a component associated with country-specific fluctuations

in investment that are not accounted for by country-specific productivity fluctuations,
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@ft. Finally, the current account for country j is decomposed into four components: a
world-wide component, components due to both country-specific productivity fluctuations
and country-specific investment fluctuations, and a residual component associated with
fluctuations in neither productivity nor investment. All of the components are assumed to
be orthogonal. |

We assume that each of the unobservable factors follows a univariate first-order au-
toregressive process:

It =0Tty + &

o, =¥ +e5, |
7=1,...,7. (2.2)

I _ Il I
Pt =1 Pji—1 + Ejt

35 = nf AT, + 5

In the language of dynamic factor models, (2.1) is a system of 21 measurement equa-
tions, and (2.2) éomprises a system of 22 transition equations. Assume that the series
for productivity, investment, and the current account are all stationary, that their means
have been removed and their standard deviations normalized to one. To estimate the
model, we assume that the errors in each of the transition equations are uncorrelated both
contemporaneously and autoregressively, and normalize the variance of € to one.

The structure chosen is a very specific one, and certainly others could be estimated.
The use of this recursive structure is motivated by the intertemporal approach to the cur-
rent account. We think of productivity fluctuations as driving fluctuations in investment,
and these investment fluctuations in turn causing the current account to fluctuate. The
common factor is suggested by the observation that productivity and investment are pos-
itively correlated across the G7 countries (see, for example Backus and Kehoe (1992) and
Gregory, Head, and Raynauld (1995)). We expect that both productivity and investment
will be influenced by common fluctuations in overall economic activity. The distinction
between common and country-specific fluctuations is important for the dynamics of the
trade balance in dynamic models (see Glick and Rogoff (1995) and the surveys by Backus,
Kehoe, and Kydland (1995) and Baxter (1995)). If countries are symmetric, common fluc-
tuations will not lead to intertemporal trade. Country-specific fluctuations, on the other

hand, will be associated with changes in the trade balance and the current account.
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The inclusion of the country-specific components of productivity in the investment
equations is suggested by the interpretation of productivity fluctuations as a possible source
of aggregate fluctuations. In the open economy real business cycle literature (see for ex-
ample Backus, Kehoe, and Kydland (1992) and Baxter and Crucini (1993)), an increase in
productivity in a given country, whether it is country-specific or common to all countries,
will increase investment in that country. The component in investment related to neither
the common factor nor the country-specific component of total factor productivity is in-
tended to capture the effects of other factors that affect investment but are unrelated to

productivity (e.g. fiscal shocks, taste shocks).

We allow the common factor and the country-specific components of investment and
total factor productivity all to affect the current account. To the extent that fluctuations
in productivity lead to aggregate fluctuations and intertemporal trade they will affect the
current account. Also, to the extent that country-specific investment fluctuations embody
international investment flows, they will constitute a potentially large component of the
fluctuations in the current account. The component in the current account associated with
neither country-specific productivity nor investment captures the effects of all other factors.
For example, it has been recognized that fluctuations in government spending which may
not be directly associated with either productivity or investment have substantial effects

on the trade balance in intertemporal models (see Kollmann (1993) and Yi (1993)).

Two assumptions inherent in the particular dynamic factor model that we study bear
further discussion. First, we restrict the unobservable factors to follow univariate first-
order autoregressive processes. This assumption turns out not to have much effect, given
the properties of the data that we consider. Second, the assumption of orthogonality
among all of the unobservables rules out the possibility of bilateral correlations among the
different factors. According to our model, all that matters for a given country is the world-
wide factor and its own country-specific factors; no channel exists for, say, country-specific
fluctuations in France to affect Canada. We think of this as a simplifying assumption that
reduces the model to manageable size. Bilateral effects could, however, be built into the
model, but the estimation would be substantially more time consuming and difficult com-

putationally. We check the plausibility of this assumption by calculating the covariances
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of the estimated factors and return to this issue in our final remarks.
It is straightforward to cast this model in state-space/measurement equation form.

@ft, &CA and

The state-space equations give a representation on the evolution of I%, &7, it

jtr
their lags and the measurement equations link the observed variables to the elements of
the state vector. Collect (Z1t,. .., Z7¢, L1ty - -y I1¢, C A1ty - - -, C A7) into a (21 x 1) vector,

y:. The system given by (2.1) and (2.2) can then be written in the companion form:
at = T0t_1 + At, Yt — VOt, (23)

with 6; = (I‘t,éft,@ft,¢ A), At = (eg,€ ]t,eft,ec“‘ ! and with T and V the appropriately
defined coefficient matrices. Denote the variance-covariance matrix of A; by .

The Kalman filter consists of the prediction and updating equations. Let 6y, be the
estimate of §; based upon information (y1,...,yr) and Py, = E((0gr — 0)(6)r — 6:)" ).

The prediction equations are:

etlt—l =T 9t—1|t—1 (2-4)
and
Pyy1 =T Py T + X (2.5)
The updating equations are:
B¢t = O¢je—1 + Ptlt—IZ,Ft_lyt (2.6)
and
Pt]t = Pt|t-1 - Pt|t—1ZIFt_1Vta (2.7)

where vy = yi — Ygj¢—1 and Fy = E(vv;) = ZPyy—12Z'. Given initial estimates of T, X, Z
and starting values 6o = 0 and vec(Popp) =(I-T® T) lvec(X) recursive calculation
gives the prediction state vector fy;—; and covariance Py¢—_;. The Gaussian log likelihood

(excluding the constant) ist

1 & 1«
—2 Z 'Ft_lvt — 5 Z In det Ft. (28)
t=1 t=1

The estimation problem, then, is to maximize (2.8) with respect to the 85 parameters

and 22 unobservable factors. In estimating the models considered in this study, the EM
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algorithm was used first to provide good initial estimates for a Gauss-Newton scoring
algorithm. All calculations were conducted on the IBM RS/6000 Model 355 Workstation.
The program used is described in detail in Raynauld, Simonato, and Sigouin (1993). The
- code was written in GAUSS as implemented for a UNIX platform.

3. Empirical Findings

The dynamic factor model is estimated using data on total factor productivity mea-
sured by the Solow residual, real gross capital formation, and the ratio of the current ac-
count to nominal output for the G7 countries. The data are quarterly, seasonally adjusted,
and covers the period 1973.1—1993.4. The data are from the International Financial
Statistics of the IMF, the Quarterly Labour Force Statistics of the OECD, and Citibase.
A detailed description of the series used is given in the data appendix. To render the data
on total factor productivity and investment stationary, and to capture the corresponding
high-frequency movements in the current account, these series are detrended using the
Hodrick-Prescott filter with smoothing parameter 1600. Attention is therefore limited, in
this paper, to fluctuations at what are normally considered business cycle frequencies.

The Solow residual is constructed as follows:
SR; =InY; — LBS;InH; j=1,...,7 (3.1)

where Y; is either real gross domestic product or gross national product, Hj is a measure of
aggregate employment (for details country by country, see the appendix), and LBS; is the
share of labor compensation in national income. Our labor share measures are taken from
Stockman and Tesar (1991); the values are U.S.: .66, U.K.: .68, France: .65, Germany:
.64, Ttaly: .48, Canada: .63, and Japan: .54. In omitting the effects of capital movements,
we follow Backus, Kehoe, and Kydland (1992) and Glick and Rogoff (1995). This is done
because of the difficulty in obtaining comparable measures of the capital stock for all seven
countries at quarterly frequencies. The omission of terms involving capital is unlikely to
be severely restrictive as capital stock movements account for a relatively small share of
fluctuation in the Solow residual at high frequencies.

Parameter estimates for equations (2.1) and (2.2) are contained in Table 1. Overall the

estimates indicate the existence of a significant common factor in economic activity for the
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G7 countries. Considering first total factor productivity, this common factor has a highly
statistically significant positive impact on the Solow residual for all seven countries. This
finding is consistent with those of Reynolds (1993), who found evidence of correlations in
Solow residual movements in the G7 countries using vector autoregressions, and Gregory,
Head, and Raynauld (1995) who éstimated a statistically significant common component
in G7 Solow residuals using a dynamic factor model. Backus and Kehoe (1992) and Baxter
and Crucini (1993) also found evidence of positive co-movement in total factor productivity
among developed countries. The country-specific components in total factor productivity
are all positively autocorrelated.

Table 2 contains measures of the shares of the variance of each variable accounted
for by fluctuations in the estimated unobservable factors. This measure is the estimated
variance of the factor of interest, divided by the sum of the variances of the unobservable
factors that make up the series under consideration. For example, the share of variance
of the Solow residual in Country j accounted for by fluctuation in the country-specific

component is given by

RY = ; , (3.2)

where &zz is the estimated variance of the country-specific component in Country j3’s Solow
residual.J For investment and the current account, the denominator of the expression is
modified accordingly as these series are decomposed into three and four unobservable
factors respectively. A

These measures can be used to gauge the quantitative importance of fluctuations in
each of the unobservable factors. Considering the Solow residual, note that the importance
of common fluctuations ranges widely, from 15% for the U.S. to around 60% for France
and Japan. Overall, common fluctuations can be seen to be quantitatively important,
accounting for over a third of the variance of the Solow residual in four countries. Still,
country-specific fluctuations are important as well, and account for more than 50% of the

variance of the Solow residual in five of the seven countries. Gregory, Head, and Raynauld

(1995) obtained similar results with regard to the quantitative importance of common
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and country-specific fluctuations in total factor productivity. These findings are also in
accordance with those of Costello (1993) who found that both country-specific and common

fAuctuations in Solow residuals were important in a sample of six European countries.

Considering the decomposition of investment fluctuations, we find that the effect of
the common factor is statistically significant for all countries except the U.K.. The impact
coefficients on the common component in the investment equations, however, are uniformly
smaller than those for the Solow residuals. Quantitatively, the common factor accounts for
little of the variance of investment in all countries. The share exceeds 5% only for Japan.
Thus, while common fluctuations are quantitatively important for fluctuations in total
factor productivity, they do not translate into quantitatively large common movements in
investment. Country-specific factors account for over 85% of the variance of investment
in all seven countries, and over 95% for all countries but Japan. Evidently, investment

fluctuations are overwhelmingly country-specific.

In our decomposition, country-specific fluctuations in investment are themselves fur-
ther decomposed into two components. One component may be thought of as country-
specific investment fluctuations due to movements in the country-specific component of the
Solow residual, while the other component measures fluctuations due to all other country-
specific sources. We find that the impact of country-specific productivity fluctuations on
investment is positive for all countries and statistically significant for all but the U.K.. For
all countries the impact of the country-specific component in the Solow residual is substan-
tially stronger than that of the common factor. Quantitatively, country-specific movements
in the Solow residual account for more than 20% of the overall variance of investment for
all countries except the U.K. and France, and account for more than a third of the variance
in the U.S. and Germany. Still, in all cases that component of country-specific investment
fAuctuations not associated with country-specific productivity movements is substantially
more important quantitatively. In all cases more than 60% of the overall variance of in-
vestment is accounted for by fluctuations in 45§. This component contains the effects of all
variables other than the common component and country-specific total factor productivity
that affect investment. This would include any country-specific shock that did not affect

total factor productivity, for example, taste or domestic fiscal shocks.
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Turning to fluctuations in the current account, note first that for all countries the
effect of the common factor is statistically insignificant. This is consistent with the findings
of Glick and Rogoff (1995) and can be interpreted as consistent with the intertemporal
approach to the current account. The distinction between the effects of country-specific
productivity and investment fluctuations on the current account is important. For all
seven countries, the impact of the country-specific component of the Solow residual, ¢jZ ,
on the current account is statistically insignificant, although several of the point estimates
are fairly large. The coefficient estimates do not, however, display a consistent pattern
across countries (four are negative, three positive). In contrast, the estimated impact
coeflicients on @f in the current account equations are negative for all countries, and are
statistically significant for all but Germany. The finding of negative impacts of country-
specific fluctuations in investment on the current account is consistent with those of Glick
and Rogoff (1995) and Sachs (1981) who found deteriorations of the current account to be

associated with increases in domestic investment.

The negative relationship between country-specific investment fluctuations and move-
ments in the current account is also quantitatively substantial for all countries except
Germany. For the other six countries, fluctuations in the country-specific compdnent of
investment account for at least 15% of the variance of the current account, and this share
exceeds one-third for three countries. The quantitative effect of @f (the component of
country-specific investment fluctuations not associated with country-specific productivity
fluctuations) exceeds that of GPjZ (the country-specific productivity component) for all coun-
tries but Germany. Furthermore, the effect of the latter is uniformly small. Thus, while
country-specific fluctuations in investment account for a substantial share of fluctuations in
the current account, country-specific productivity fluctuations account for an insignificant
share. In addition, the largest component of current account fluctuations is that associated
with neither country-specific productivity nor investment.

In summary, we find that the effect of common movements in economic activity is
quantitatively important for productivity fluctuations, but that they account for a much
smaller share of movements in investment and virtually none of the fluctuations in the

current accounts. Country-specific investment fluctuations have a negative impact on the
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current account as predicted by the intertemporal approach to the current account, and
the effect of this relationship is quantitatively significant. Country-specific productivity
fluctuations, however, account for only a very small share of the current account fluctua-

tions.

4. An Artificial Economy

We now consider the relationships among total factor productivity, investment, and
the current account in a multi-country artificial economy. It is not our intention to propose
a model and test whether it is consistent with all of the empirical findings of the previous
section. Rather, we are interested in using a model of intertemporal trade for the purposes
of international risk sharing to provide an irllterpretation, both qualitative and quantitative,
for our empirical findings. In particular, we are interested in the model’s ability to account
for common movements in investment, the effect of country-specific productivity shocks .
and investment fluctuations on the current account, and the share of current account
fluctuations attributable to international investment flows.

The model that we consider is a multi-country version of that studied by Baxter and
Crucini (1993). Since the environment and the methods used to compute the equilibrium
are standard, the description of both will be brief. The properties of aggregate fluctuations
in this environment are discussed in detail in the paper by Baxter and Crucini, and in the
survey by Baxter (1995).

We consider an economy comprised of eight symmetric countries, each inhabited by a
large number of identical agents. Thus we consider a representative agent in each country.
We loosely interpret the eight countries in our model as the G7 countries plus the rest of the
world. Each agent has preferences over consumption of a single homogeneous consumption

good and leisure, given by,

© [ca( - Hp)t—'"
EOZR‘[ 3 1_“2 ] j=1,...,8. (4.1)
t=0

Here Cj; and Hj; denote consumption and the fraction of the time endowment devoted to
working by the country j representative agent at time ¢, R € (0,1) is a discount factor,

and a € (0,1) and b > 0 are parameters.
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In each country the homogeneous good is produced by a competitive industry com-
prised of a large number of identical firms operating a stochastic, constant returns to scale

technology. All countries have symmetric technologies, given by
Yji=ZuKLH;7® j=1,...,8 . (4.2)

Here Kj;: denotes country j capital, Zj: is a stochastic productivity parameter, and s is
a parameter governing capital’s share in national income. The productivity parameter is

the sum of two independent components,
th =mt+m]~t. ] =1,...,8. (43)

Here m; is a common shock, and m ; is specific to country j. Both shocks follow first order

autoregressive processes in logarithms,

Inms =vlnme—y + e
(4.4)

. — . - m
Inmjs =vjlnmje—1 + ej;

where Vi v,v; € (0,1) and e™,e]" are random disturbances that are independent across

J
both countries and time.
Physical capital is accumulated by means of an intertemporal technology featuring

adjustment costs,

Kji+1=(01—-d)Kj + [—%—]pI{jt j=1,...,8 (4.5)
jt
Here Ij; is investment in Country j at time ¢, d € (0,1) is the rate of depreciation, and
p € (0,1) is a parameter governing the size of adjustment costs. Note that as p decreases,
the quantity of investment required to augment the capital stock by a given proportion
increases.
Finally, we assume that in each country there is a government that consumes a stochas-

tic quantity, Gj; of the homogeneous good in each period. In all countries, Gj; follows a

first order autoregressive process in logarithms,

InGji=(1-w)hGj+whGjea1+e}, Jj=1...,8, (4.6)
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where w € (0,1), e;’-t is a random disturbance which is independent across both countries
and time, and G; is the steady-state level of government spending in country j. We assume
that government spending is financed solely by lump-sum taxation on domestic agents and
that the governments all balance their budgets period-by-period.

The inclusion of stochastic government spending in the model is motivated by an em-
pirical finding of the previous section. We found that large shares of the variances of the
current accounts for all countries were attributable to country-specific factors other than
fluctuations in productivity and investment. In order for there to be any possibility for
the artificial economy to account for this empirical finding, it is necessary that the model
have some other source of random fluctuations that does not affect total factor produc-
tivity. Government spending shocks are one possibility. There are other possibilities, for
example taste shocks. We choose government spending shocks because it is relatively easy
to measure the variance and persistence of government spending in the data and this 1s
useful when we calibrate the model.

We assume that there are markets for a complete set of state-contingent claims, and
consider the competitive equilibrium. Since the equilibrium allocation is Pareto efficient,
it can be computed by solving a social planning problem. The social planner maximizes a
weighted sum of the representative agents’ utilities, (4.1) subject to (4.4), (4.5), (4.6), and

the following world-wide feasibility constraint,

8 8 8 8
=1 J=1 J=1 J=1

Since the planning problem does not have an analytic solution, we follow a standard
procedure for computing a linear approximation. First we compute the deterministic
steady-state. Then we linearize the first order conditions for the planning problem in a
neighborhood of this steady-state and solve the resulting system of linear difference equa-
tions. Realizations of the economy’s equilibrium stochastic process can then be computed
by drawing sequences of the random disturbances, and computing the allocation using the
linear decision rules.

In this economy, countries are “large” in the sense that their domestic consumption,

output, and investment constitute significant parts of the corresponding world-wide aggre-
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gates. Thus, fluctuations in any one country will have an effect on world-wide fluctuations.
Unfortunately, the economy does not provide an explicit decomposition for its endogenous
variables into world-wide and country-specific components. In particular, the model does
not give rise to the exact factor structure introduced in Section 2, except with regard to the
specification of total factor productivity, which is exogenous and has been specified exactly
as in the dynamic factor model. Nevertheless, we feel that this recursive factor structure
is a useful way to summarize the relationships among common and country-specific fluc-
tuations in the productivity, investment, and the current account. Our conjecture that
this structure provides a fairly close approximation to the dynamics of the model is based
on the intuition behind the effects of technology and government spending shocks in the

model.

In this economy, agents trade intertemporally solely for the purpose of smoothing
consumption over time, given that domestic income fluctuates due to exogenous technology
and fiscal shocks. A common technology shock raises productivity world-wide, causing
agents in all countries to work harder and accumulate capital in order to smooth the
consumption increase over a long period of time. Since all countries are symmetric and
the shock affects them all symmetrically, a common shock causes investment to rise in all
countries, but does not result in international trade. In contrast, a country-specific shock
leads to trade for two reasons. First, the country experiencing the shock will see its output
rise, and would like to smooth the effect on its consumption. Thus it would tend to export,
lending to the rest of the world so as to have a source of foreign income in later periods when
its output is low. On the other hand, the country-specific technology shock results in a
productivity differential between the country receiving the shock and the rest of the world.
This generates a tendency to import, borrowing from the rest of the world and investing
to take advantage of higher than average productivity. Thus, we expect country-specific
fluctuations in total factor productivity to affect both investment and intertemporal trade,
while common shocks will affect only the former. This is consistent with our specification
of the dynamic factor model.

As for country-specific fluctuations in investment, the artificial economy also provides

intuition for separating them into sub-components associated with domestic technology
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shocks and other factors. We may think of country-specific investment fluctuations as
emanating from two types of sources. First, country-specific technology shocks translate
directly into domestic investment fluctuations. Second, investment in a given country will
also fluctuate because of movements in its capital stock and foreign technology shocks
both of which affect its productivity relative to the rest of the world. The distinction
between investment fluctuations associated with these two different factors may be use-
ful for describing the dynamics of the current account. As noted above the effect of a
country-specific technology shock on the current account may be ambiguous because of
counteracting effects. Once the country-specific component of investment has been iso-
lated, however, we would expect it to be negatively related to the current account. An
increase in country-specific investment not associated with a domestic productivity shock
can occur only if agents either consume a smaller share of domestic output or borrow
from abroad. Given that agents want to smooth consumption and have access to complete
markets, the latter will be the main channel for financing increased investment, and so the

trade balance will deteriorate.

Finally, the component specific to the current accounts of the individual countries not
associated with fluctuations in either total factor productivity or investment fluctuations
can be traced primarily to the effect of fiscal shocks on consumption. A government
spending shock, regardless of where it occurs, will reduce world-wide wealth and thus world-
wide investment. This effect should be quantitatively small as the multiplier associated
with fiscal shocks are typically small in neoclassical models (see, for example, Christiano
and Eichenbaum (1992)). The consumption flows associated with agents’ use of contingent
claims to insure against fluctuations in domestic lump-sum taxes, however, may not be
small. When government spending in an individual country rises due to a shock, it will
smooth its consumption by borrowing from abroad.

We estimate the dynamic factor model, (2.1) and (2.2), using 500 periods of artificial
data for seven of the eight countries. A single realization of the economy’s equilibrium
stochastic process for 1000 periods is computed. We discard the artificial data for Country
1, and the initial 500 peribds of data for the remaining seven countries. The elimination

of the initial 500 periods is intended to remove the effects of imposing the deterministic
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steady-state as initial condition. Our intention is to obtain parameters estimates that are
‘close’ to their population values, and 500 observations may be sufficient. Increasing the
number of observations increases substantially the computational burden in estimating the
dynamic factor model. Because we model all countries symmetrically, we can get some
information on sampling variability by comparing our parameter estimates across countries.
We find that our parameter estimates are in all cases very similar across countries, and
thus conclude that 500 observations is sufficient for our purposes. We interpret the omitted
country as the rest of the world, and seven remaining as relating to the G7. The possibility
of a significant common component in the current accounts arises because we restrict
attention to a subset of the countries in the world (as we did in the empirical analysis).

This motivates the inclusion of the common factor in the current account equations.

Since with complete markets there are many asset structures that could support the
social optimum as a competitive equilibrium, explicitly defining the current account is
problematic. For this reason, we follow the literature in associating movements in net
exports with fluctuations in the current account. We define net exports for country j as the
difference between domestic output and the sum of domestic consumption, investment, and
government spending. Given that our empirical analysis is restricted to studying relatively
high frequency movements in the current account, the divergence between the empirical
analysis and the consideration of the artificial economy should be minor, since in the short
run empirical movements in the current account are likely to be dominated by movements
in the trade balance (see Baxter (1995)). The artificial series that we use for estimation
of the dynamic factor model are investment and the technology shock (or Solow residual),
and the ratio of net exports to output. In the results presented, we do not apply the HP
filter to these series. HP filtering, however, changes the parameter estimates but has little
effect on the relationships we are studying. The main effect of filtering is to uniformly

reduce the autocorrelation of all the unobservable factors.

In order to compute the equilibrium it is necessary to choose specific values for each of
the economy’s parameters. We choose parameters so as to achieve as close a correspondence
between our artificial economy and those studied previously in the literature. In particular,

following Backus, Kehoe, and Kydland (1992) we set R = .99, a = .34, b =2, s = .36,
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and d = .025. Variations in any of these parameters has only minimal impact on the
relationships among productivity shocks, investment, and the current account on which
we focus here. For this reason we hold these constant across all experiments. In contrast,
the adjustment cost parameter, p, does have a significant effect on some of our findings.
Since we have no direct evidence on the size of adjustment costs, for our base case we
follow Baxter and Crucini (1993) in setting this parameter so as to match the relative
volatilities of investment and output. We choose a value of p = .96, so that the percent
standard deviation of investment is three times that of output. We consider the effects of
varying this parameter in two computational experiments.

In the parameterization of technology shocks, we set the persistence of both the com-
mon and country-specific components at .9 to reflect the fact that studies of international
productivity fluctuations have found them to be very persistent. We choose the variances
of the innovations to the two components so that the contemporaneous correlation of the
actual technology parameters (i.e. the Z;’s) is equal to .4, as this turns out to produce
results broadly consistent with the share of variance in Solow residuals accounted for by
common shocks presented in Section 3. Finally, we set the steady-state share of government
spending at 20%, and the persistence of government spending at .97, based on estimates
using U.S. data in Devereux, Head, and Lapham (1995). We also consider the effects of

increasing the size of the fiscal shocks in a computational experiment.

5. Dynamic Factor Analysis of Artificial Data

Tables 3 and 4 contain the parameter estimates and variance decompositions, respec-
tively, for a series of artificial economies. Since all countries are symmetric, we report
the averages across the seven countries for both the parameter estimates and the variance
shares. The standard deviations of the estimates across countries are in parentheses. These
provide some information on the sampling variability in our estimates.

Note that the effect of the common factor in the Solow residual in this case is a direct
consequence of the calibration, rather than a finding. The exercise we are performing
then is to set the decomposition between common and country-specific shocks, and then

conditional on this we observe the extent to which the artificial economy replicates the
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qualitative and quantitative features of fluctuations in investment and the current account
documented by the empirical analysis in Section 3. Considering the coefficients pertaining
to the productivity equations in Table 3, and the variance decomposition of the Solow
residual in Table 4, note that the dynamic factor model captures the true properties of
the exogenous productivity process fairly well. The procedure produces estimates very
close to the true properties of the data generating process with regard to both the share
of the variance accounted for by the common factor and the autocorrelations of the two
components. We take this as an indication that the differences between the dynamic factor
model that we estimate and the true dynamic structure of the artificial economy are not

too great.

Turning now to the investment and current account equations, we see that with respect
to the parameter estimates, the artificial economy accounts for several of the qualitative
features of the data. The effect of the common component on investment is positive, and
the impact coefficients are uniformly smaller than those in the productivity equations.
Also, a country-specific movement in total factor productivity has a positive impact on
domestic investment. In the current account the influence of the common component is
very small, as is that of country-specific productivity. A country-specific movement in
investment ﬁot associated with domestic productivity, however, has a negative impact on
the current account. Along all of these dimensions, the artificial economy replicates the
qualitative properties of the data very well. Thus the empirical estimates of Section 3
may be taken as evidence in support of the dynamic relationships among Solow residuals,
investment, and the current account that arise in a dynamic general equilibrium model of
international risk sharing. In general, this may be interpreted as broad evidence in favor

of the intertemporal approach to the current account.

Now consider the relationships among productivity, investment, and the current ac-
count in the artificial economy. Considering first the variance decomposition of investment
(Table 4), roughly 8% of the variance of investment is associated with fluctuations in the
common component, and the other two components each account for roughly half of the
remainder. Relative to the empirical estimates, too much of the variance of investment in

the artificial economy is accounted for by common fluctuations, and too little by the com-
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ponent not associated with country-specific technology shocks, @f . There is a much larger
component of investment fluctuations accounted for by factors other than country-specific
technology shocks in the G7 data than in data generated by the artificial economy.

With regard to the variance decomposition of the current account, in the artificial
economy both the common factor, and that associated with country-specific productivity
fuctuations account for virtually none of the current account variance. Thus the model
replicates the quantitative unimportance of both of these factors that was found in the
data. In the artificial economy, however, fluctuations in the country-specific component
of investment accounts for nearly 65% of the variance of the current account. Thus the
model substantially overstates the share of current account fluctuations accounted for by
this component. Whereas empirically the most important component of current account
fluctuations is that associated with factors other than productivity and investment, in the
artificial economy this component accounts for only about 35% on average.

Overall, our base case calibration fails to match the quantitative properties of our
empirical estimates. We consider two modifications to the environment in an attempt to
understand the source of the differences. First we investigate the effects of changing the
size of adjustment costs. Recall that the adjustment cost parameter, p, was chosen so that
the standard deviation of investment was three times that of output on average. In the two
experiments that we conduct in Table 2 with different values of p, the relative volatilities
of these series are of course changed. In the large adjustment cost case we set p = .94
and the relative standard deviation of investment is reduced to roughly two times that of
output, and in the small adjustment cost case (p = .98) it is increased, to roughly five
times that of output.

Consider first the case of large adjustment costs. The share of the current account
variance accounted for by country-specific investment movements is reduced, but not by
enough to be in line with our empirical estimates. The intuition behind this finding is
straightforward. As adjustment costs are increased, the investment effect of technology
shocks is reduced, as international capital flows are reduced. Thus, the relative impor-
tance of the consumption smoothing effect on trade balance movements is increased. This

can be seen in Table 3, noting that 47 is now positive. In addition, with smaller interna-

20



tional capital flows, the relative importance of fiscal shocks is increased, augmenting the
importance of consumption smoothing for movements in the trade balance. Overall, this
leads to a greater share of the variance of the current account being attributable to move-
ments in $CA. Presumably, if adjustment costs were to become large enough, this effect
could be made to account for as large a share of current account fluctuations as desired,

as high enough adjustment costs would shut down international capital flows altogether.

With higher adjustment costs, however, the variance decomposition of investment
moves further away from that implied by our empirical estimates. The shares of invest-
ment fluctuations accounted for by both the common factor and the country-specific com-
ponent of productivity are increased. Again the intuition is straightforward; while higher
adjustment costs reduce investment fluctuations in general, their greatest effect is on the
relatively large international flows that arise from international productivity differentials.
Thus a larger share of the (smaller) variance of investment is now attributable to the
common component, which arises from common technology shocks. The country-specific
component of investment fluctuations not associated with country-specific productivity
fluctuations is reduced in importance. Recall that this component captures the effects
of capital stock movements (which are muted by larger adjustment costs) and foreign
technology shocks (which are reduced in importance due to smaller international capital
flows).

Given the effects of large adjustment costs, it is not surprising that small adjustment
costs have the opposite effect; they improve the match between the artificial economy
and the empirical estimates with regard to the variance decomposition of investment, but
worsen the match with regard to current account fluctuations. Investment fluctuations
and international capital flows are larger (note that in Table 3, 4% is now negative), and
the importance of fiscal shocks is reduced. Under alternative settings for the adjustment
cost parameter, p, the artificial economy’s quantitative predictions can be made consistent
with the empirical variance decomposition of either investment or the current account, but

not with both simultaneously.

Next, consider the effects of large fiscal shocks. In this case, we increase the variance

of ¢J

ju» the innovation to the fiscal shock process, by a factor of five. This has little
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effect on the variance decomposition of investment and it neither improves nor worsens
the match between model and data in this dimension. Large fiscal shocks do, however,
bring the behaviour of the artificial economy’s current accounts more into line with the
empirical variance decomposition. Recall that fiscal shocks affect investment fluctuations
only through a world-wide income effect, and so they do not provoke international capital
flows. Moreover, given that fiscal shocks are not correlated across countries, they tend to
average out, and thus the world-wide income effect is small. If it were large, then we would
expect large fiscal shocks to increase the share of investment fluctuations accounted for
by the common factor. They do not. Large fiscal shocks are, however, responsible for a
large volume of intertemporal trade for consumption smoothing purposes. Since this is not
associated with movements in either productivity or investment, by far the largest share

of the variance of the current account is that associated with fluctuations in #C4A.

In summary, the analysis of the artificial economy suggests that it does provide an
interpretation for many of the qualitative features of the relationships among productivity,
investment, and the current account that we observe. Quantitatively, however, it under-
states the importance of the component of current account fluctuations not accounted for
by investment flows or productivity shocks. While this can be remedied by increasing the
size of adjustment costs, the required costs imply both too low a variance of investment
fuctuations relative to that of output, and too large a share of investment fluctuations
accounted for by common fluctuations. Large fiscal shocks can account for the variance

decomposition of the current account, but they are required to be implausibly large.

6. Final Remarks

Our empirical findings show that for the G7 countries, common movements in eco-
nomic activity are quantitatively important for productivity fluctuations, but that they
account for a much smaller share of movements in investment and virtually none of the fluc-
tuations in the current accounts. Country-specific investment fluctuations have a negative
impact on the current account as predicted by the intertemporal approach to the current
account, and the effect of this relationship is quantitatively significant. Country-specific

productivity fluctuations, however, account for only a very small share of the current ac-
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count fAuctuations. The component which accounts for the largest share of the variance of
the current account for each of the countries is that not associated with country-specific
investment or productivity fluctuations. A multi-country dynamic general equilibrium
model accounts for many of the qualitative features of the relationships among produc-
tivity, investment, and the current account. Quantitatively, however, the model tends to
overstate the importance of country-specific investment fluctuations for movements in the

current account.

One area for future empirical work is to permit the possibility of co-movements in
aggregate activity among certain pairs or sub-groups of countries. In this study, we have
assumed that all factors are orthogonal. This assumption is motivated mainly by the desire
to estimate a tractable model. One way to evaluate the plausibility of this assumption is
to consider the covariances among the estimated unobservable factors. Since there a large
number of factors and covariances among them, we do not report them all here. One
interesting feature of them, however, is that in many cases estimated country-specific
investment, &/, is positively correlated across countries. This may suggest that while the
share of investment movements which are common to all of the G7 countries is small,
the truly country-specific component for any given country is smaller than &1, because
of co-movements within certain sub-groups of countries. While in principle it is possible
to enrich the dynamic factor model by adding bilateral factors, this is a rather time-
consuming, computationally intensive exercise. A more fruitful approach would be to use
the pattern of correlations generated by this model as a guide to identify certain groups of
countries within the G7 for which a detailed study of co-movements would likely produce
interesting results. Then only those additional factors that evidence suggests are crucial

could be added to the dynamic factor model. We leave this for further research.

With regard to the analysis of the artificial economy, it is probably not surprising that
a model of the type we consider cannot account for the importance of the component of
current account fluctuations not accounted for by productivity or investment movement.
In this type of model, the main source of aggregate fluctuations is productivity shocks, and
the main channel for intertemporal trade is investment flows. Evidently, the only way to

replicate the qualitative unimportance of productivity fluctuations and investment flows in
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current account movements in this type of model would be to consider cases of either very
high adjustment costs or very weak country-specific technology shocks relative to fiscal
shocks. High adjustment costs reduce the magnitude of international investment flows so
that most of the movements in net exports is for consumption smoothing purposes. It is
well known, however, that international capital flows are large. An explanation for current
account fluctuations that relies on these flows being small does not seem very appealing.
The problem with large fiscal shocks (or some other disturbance not related to total
factor productivity) is that it is not clear what these shocks are. In our computational
experiments, we needed to set the variance of government spending at roughly five times
that observed to bring the quantitative predictions of the artificial economy into line with
those of the data. It is possible, however, that in a model with a larger role for demand
shocks, fiscal shocks of plausible magnitude could play a substantially larger role. In
addition, it is the relative magnitude of technology and fiscal shocks that accounts for the
variance decomposition. Our calibration uses the variances of the simple Solow residual
and of government spending. The Solow residual measurement relies on constant returns,
perfect competition, and small variation in the capital input over the cycle. It has been
shown that relaxing these assumptions can result in much smaller estimates of the variance
of technology shocks. For example, Hornstein (1993) measures lower variance of technology
shocks under specific assumptions about increasing returns and imperfect competition and
in two papers, Burnside, Eichenbaum, and Rebelo (1993,1995) measure lower variances of
technology shocks due to labour hoarding and variable capacity utilization. With smaller
technology shocks, fiscal shocks of plausible magnitude could account for a substantially

larger share of current account movements. We leave this also for further research.



Data Appendix

All data are quarterly, and cover the period 1973.1-1993.4. Aggregate investment is
gross capital formation and is taken from the IMF International Financial Statistics (IFS).
This data are in local currencies, at current prices. The data are deflated to 1990 prices
using the implicit GDP (or GNP) deflator. The current account and trade balance are
also taken from the IFS, where they are given in current U.S. dollars. These series are
converted to local currency using the quarterly average of the daily spot exchange rate,
taken from Citibase. These are then divided by nominal GDP (or GNP). Employment data
used in construction of the Solow residuals are taken from the OECD Quarterly Labour
Force Statistics. The real investment, Solow residual, current account/output, and trade
balance/output series are seasonally adjusted by regressing on seasonal dummies. The IFS

and Citibase codes for the series used are listed below.

Country Series IF'S or Citibase Code

USA Private Gross Capital Formation 11110533
Current Account 11110376
Trade Balance 11110382
Nominal GDP 11110547
1990 GDP 11110551
Civilian Employment OECD

UK Gross Capital Formation 11120376
Current Account 11120251
Trade Balance 11120257
Nominal GDP 11120388
1990 GDP 11120390
Monthly Ave. USD Exchange Rate EXRUK
Civilian Employment OECD
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France

Germany

Italy

Canada

Gross Capital Formation

Current Account

Trade Balance

Nominal GDP

1990 GDP

Monthly Ave. USD Exchange Rate
Employment in Industry

Gross Capital Formation

Current Account

Trade Balance

Nominal GNP

1990 GNP

Monthly Ave. USD Exchange Rate

Civilian Employment

Gross Capital Formation
Current Account

Trade Balance

Nominal GDP

1990 GDP

Monthly Ave. USD Exchange Rate |

Civilian Employment

Gross Capital Formation

Current Account

Trade Balance

Nominal GDP

1990 GDP

Monthly Ave. USD Exchange Rate

Civilian Employment
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11320341
11320253
11320259
11320351
11320354
EXRFR
OECD

11340355
11340261
11340267
11340363
11340365
EXRGER
OECD

11360358
11360257
11360263
11360366
11360368
EXRITL
OECD

11560335
11560234
11560240
11560347
11560351
EXRCAN
OECD



Japan

Gross Capital Formation

Current Account

Trade Balance

Nominal GNP

1990 GNP

Monthly Ave. USD Exchange Rate

Civilian Employment

11580352
11580277
11580283
11580364
11580366
EXRJAN
OECD
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