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Abstract
Recent International
Real Business Cycle (IRBC) models that assume complete international asset markets generate cross-country
consumption
correlations
that are too
high, when compared to the data. This paper shows that an IRBC model in which asset
markets are incomplete (in the sense that only debt contracts can be traded in asset
markets) can generate cross-country
consumption
correlations that are markedly lower.
This improvement
is achieved without significantly worsening predictions for other key
business cycle statistics.
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1. Introduction

In recent years, much effort has been devoted to extending
economy Real Business Cycle (RBC) model to an international

the closed
setting; see
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McCallum (1989) and Danthine and Donaldson
(1993) for surveys of the RBC
literature. Authors such as Backus, Kehoe, and Kydland (1992) Crucini (1989)
and Baxter and Crucini (1993) have developed two-country
RBC models.’ In
these models, each country is inhabited
by a representative
agent. Countries
interact by trading in goods markets and in financial
markets. A central
assumption
in this recent work is that there exist complete international
asset
markets.
A striking shortcoming
of available models of this type is that they tend to
generate cross-country
consumption
correlations
that are too high when compared to actual data. For example, different versions of the seminal two-country
RBC model presented by Backus et al. (1992) produce cross-country
consumption correlations
in the range 0.69 to 0.95. In contrast, Backus et al. report that
the correlation
of (detrended)
consumption
in the United States and in an
aggregate of European countries equals 0.46.
This study investigates
whether an International
RBC (IRBC) model with
incomplete asset markets can change this prediction. The paper is motivated by
the conjecture that the high cross-country
consumption
correlations
generated
by existing two-country
RBC models reflect the assumption
that asset markets
are complete. After all, complete asset markets allow consumers to engage in
extensive international
risk pooling.
In this paper, a two-country
RBC model is presented in which international
asset markets are incomplete in the sense that only debt instruments
(risk-free
bonds) can be used in international
financial transactions.
This structure of
(incomplete) asset markets underlies permanent income models of consumption
behavior and has also been used in much recent theoretical and applied work on
small open economies (see, e.g., Cardia, 1991; Mendoza, 1991).
The elimination
of trade in state-contingent
assets limits international
risk
sharing. A country affected by an idiosyncratic
(country-specific)
income shock
can mitigate the effect of this shock on its consumption
by trading in bonds. One
may expect, however, that countries are less able to offset the effects of idiosyncratic income shocks when markets are incomplete
than when markets are
complete. Hence, one expects that consumption
is less closely correlated across
countries when markets are incomplete
than in an Arrow-Debreu
world.
The paper confirms this intuition. It shows that an IRBC model with incomplete asset markets
can generate
cross-country
consumption
correlations
that are markedly
lower, and hence closer to the data, than those that
obtain when complete asset markets are assumed. The assumption
of incomplete asset markets also leads to improved predictions
for other international

’ Models of this type have also been studied by Dellas (1986), Cantor and Mark (1988),Finn (1990),
Stockman and Tesar (1990), Backus and Smith (1992), Costello and Prashnik (1992), Devereux et al.
(1992), Ravn (1992),Reynolds (1992), Boileau (1993). Canova (1993).Yi (1993), and Bet (1994).
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comovements
(for example, the incomplete markets model captures better the
countercyclical
behavior of net exports). These improvements
are not achieved
at the cost of significantly
poorer predictions
for other key business cycle
statistics.
Section 2 of the paper presents the two-country
model with incomplete
markets. Section 3 briefly discusses an IRBC model with complete asset markets. Stylized facts about international
business cycles are discussed in Section 4.
Simulation
results are presented in Section 5. Section 6 concludes.

2. A two-country
2.1. Prcfevences

business cycle model with incomplete

asset markets

and technologies

The model considered in this paper follows rather closely the structure of
earlier two-country
RBC models (see, in particular, the models of Backus et al.,
1992; Baxter and Crucini, 1993) except that here incomplete asset markets are
assumed.
A world with two countries, indexed by i = 1,2. is considered. Each country is
inhabited by a representative
consumer. There is a single good produced and
consumed by both countries and also used as an investment good. There are no
transportation
costs or tariffs. Hence, there are no constraints
on international
Rows of goods. Labor, however, is immobile internationally.
The preferences of
country i’s representative
consumer are given by

at date t + T and I,;+, is the number of hours
where Cl,, is i’s consumption
worked. 0 < /j < 1 is the country’s subjective discount factor. E, denotes expectations conditional
on period t information.
The period utility function u is of
the form
U(C,L) =(l/(l

- a)).[(C.(l

- L)“)lP” - 11.

(2)

I_!> 0 and (r > /l/( 1 + p) are assumed in order to ensure that utility is increasing
in C, decreasing in L, and strictly concave. In Eq. (2), the number of hours
available to the representative
agent at a given date has been normalized to one,
so that 1 - L represents the leisure of the agent.
Country i’s output in period t is given by
y( = ();.(Kf)‘-‘l.(Lf)‘l.

(3)
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Here, (3: is an exogenous productivity
The law of motion of capital is

e+

1 +

4(Kf+ KI) =
1,

(1 - d)

index and Kf is country

i’s capital

Kf + If,

stock.

(4)

where If denotes how much output is required to change the capital stock from
Kf to Kf, 1. 0 < d I 1 is the depreciation
rate of the capital stock and $(. , .) is
a convex adjustment
cost function
that is homogeneous
of degree one in
Kf,, and Kf:

4Wf+I,

Kf) = 0.5. @. (Kf,

1 - Kf)‘/Kf,

@ > 0.

(5)

2.2. The structure of asset markets
The key difference between the present model and standard IRBC models is
that only risk-free one-period
real debt contracts
can be used in financial
markets. Besides the fact that labor is immobile internationally,
this is the only
restriction on international
transactions
that will be assumed. The assumption
that agents’ financial transactions
are restricted to risk-free bonds is a key
assumption
in permanent
income models of consumption
behavior (see, e.g.,
Sargent, 1987, Ch. 12). This asset markets structure has also been assumed in
much recent theoretical and applied work on small open economies.2
Interesting
alternatives
to the incomplete markets structure discussed in the
present paper might be structures
where debt contracts and a limited set of
state-contingent
assets, such as stocks (residual claims), can be traded internationally (see, e.g., Cole, 1988). Because of its simplicity, the model with pure
borrowing and lending will provide a useful benchmark
for research on these
more complex asset market structures.
In recent monetary
open economy
models (see, e.g., Grilli and Roubini,
1991; McCurdy
and Ricketts, 1991;
Schlagenhauf
and Wrase, 1992), agents face cash-in-advance
constraints
for
their consumption
purchases. Constraints
of this type too could help to reduce
the cross-country
consumption
correlation
compared to the correlations
that
obtain in an Arrow-Debreu
world.
With asset transactions
restricted to one-period
bonds, country i’s budget
constraint
in period t is
Cf +

Zf + Af = Yf + (1 + rr- ,).A:_ 1,

‘See, e.g., Ghosh (1990), Leiderman
and Razin (1990), Sheffrin and Woo (1990), Cardia
Mendoza (1991), Glick and Rogoff (1992), Otto (1992), Bruno and Portier (1993), Macklem
Schmitt-GrohC
(1993). and van Wincoop and Marrinan (1993).

(6)

(1991),
(1993),
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where Af_ I is the country’s (net) stock of one-period bonds that become due in
period t and rt_ 1 is the real interest rate on these bonds (Af_ r > 0 if the country
is a lender).
Country i’s decision problem is to maximize the lifetime utility defined in (1)
subject to the constraint
that the budget constraint
(6) holds in all periods and
for all states of the world. First-order
conditions
for this decision problem are
provided in the Appendix.
Given exogenous productivity
processes {Hf) for i = 1.2. an equilibrium with
incomplete asset markets is a set of stochastic processes for the endogenous
variables (Ci, Li, Kf, Af, rr) for i = 1,2 that satisfies the first-order conditions
listed in the Appendix and the budget constraints of the two countries, as well as
the condition that the bond market clears:
A: + Af = 0

for all t.

By Walras’ law, equilibrium
clears as well.

(7)
in the loan market

implies that the goods market

2.3. The solution method
An approximate
solution of the model is obtained by taking a linear approximation of the equilibrium
conditions
around a deterministic
steady state (i.e.,
around an equilibrium
in which all endogenous
and exogenous variables are
constant).3
This approximation
yields a system of expectational
difference
equations
that is solved using the method outlined in Blanchard
and Kahn
(1980).

3. Complete asset markets
The source of uncertainty
in the model is given by exogenous shocks to total
factor productivity.
With complete asset markets (Arrow-Debreu
markets),
agents can trade claims with pay-offs that are contingent
on these productivity
shocks. This structure of asset markets guarantees
that competitive
equilibria
are Pareto optimal. Pareto optima can be found by imagining
that in some
‘initial’ period t = 0, the following planning problem is solved:
Maximize

i: V’h + (1 - i). Vi,

‘This solution method is standard in the RBC literature (see, e.g., King et al., 1988, 1990; Rotemberg
and Woodford,
1989; Kollmann,
1991). In the simulations
reported below, the model is linearized
around a symmetric deterministic
steady state in which all variables have the same values in both
countries.
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subject to the constraint that the following world resource constraint
periods t 3 0 and for all states of the world:
c:+c:+z:+r~=Y:+Y~.

holds in all

(9)

In (8), Vb is country i’s expected lifetime utility at date t = 0 [see Eq. (l)]. The
weights /z and 1 - i, (with 0 < 3, < 1) reflect the wealth of the two countries (see,
e.g., Rebelo, 1988a, b).
One of the first-order conditions
of this planning problem is that marginal
utilities in the two countries
[weighted by /z and (1 - n), respectively]
are
equated (for discussions
of this condition
see, e.g., Scheinkman,
1984; Leme,
1984; Kollmann,
1991, 1995). When the utility function (2) is assumed, this risk
sharing condition can be expressed as
)_.(Cj)-“.(l

_

Ly(1-d

=

(1

-

jq.(C$“.(l

- J$)l”(l-“).

(10)

In the special case where labor supplies are fixed, this condition implies that
c: = /l.cf,
where n > 0 is a constant. In other words, then consumption
is
perfectly positively correlated
across countries. The same prediction
obtains
also when u = 1 (even when hours are variable) as then the period utility
function is additively separable in consumption
and hours (which implies that
variations in hours do not affect the marginal utility of consumption).4
When
hours vary and/or the utility function is nonseparable,
then the cross-country
consumption
correlation
is smaller than unity, even when asset markets are
complete.
The risk sharing condition (10) implies also that intertemporal
marginal rates
of substitution
in consumption
are equated across countries, and that for all
possible states of the world (see, e.g., Obstfeld, 1993). In contrast, when asset
markets are incomplete,
then intertemporal
marginal rates of substitution
are
merely equated in expected value.’ As a result, one suspects that consumption
is
less closely correlated across countries when asset markets are incomplete.
In the simulations
of the model with complete asset markets reported below,
equal welfare weights are attached to the two countries. The linear approximation method described in Section 2.3 is used to solve numerically
the complete
markets model.

4When
5As

D = I, the utility function
the

Euler

condition

(2) becomes u(C,L)

(A.l)

B,E,u,(C:+,,
L:+,)Iu,(C:,L:)=p.E,u,(C:+,,
utility of consumption.
In contrast,
holds when asset markets are complete.

= In(C) + p.ln(l

-

L).

Appendix
holds
for i = 1,2, one sees that
L:+ ,)/u,(Cf,Lf),
where U, denotes the marginal
/?.u,(C:+ 1, L:+ ,)/u,(C:, L:) = ~~u,(C:+ ,, Lf+ ,)/u,(C:, L:)

in

the
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business cycles

The column labeled ‘Data’ in Table 1 presents key statistics that describe the
properties of quarterly macroeconomic
time series for the G-7 countries. The
sample period is 1970: l-1991:3.
All statistics are based on series that were
detrended using the Hodrick and Prescott (1980) filter (henceforth, HP filter).
Except for series on the ratio of net exports to output, logarithms of all series
were taken before applying the HP filter. To save space, only average statistics
for the G-7 countries are reported; Backus et al. (1992) and Kollmann
(1991)
present more detailed descriptive statistics on international
business cycles. For
example, the cross-country
correlations
reported in the ‘Data’ column are
averages of cross-country
correlations
computed for all pairs of G-7 countries
(data sources and the definitions of the variables used to construct the statistics
in the ‘Data’ column are provided in the Appendix).
For the G-7 countries, the (average) cross-country
correlations
of output, of
consumption,
and of investment are 0.46,0.34, and 0.45, respectively.‘j Domestic
investment
is closely correlated with domestic saving. It can also be seen that
investment is more volatile than output, while hours worked and consumption
are less volatile than output. These variables are all highly serially correlated.
Consumption,
investment, and hours are strongly procyclical (positively correlated with output), while net exports are countercyclical.
These stylized facts on
cyclical fluctuations
do not depend on the HP filter; other detrending methods
(e.g., linear detrending) lead to similar empirical regularities.

5. Simulations
5.1. The parameters

of the model

The depreciation
rate d is set to 0.021, which corresponds
to the quarterly
depreciation
rate estimated by Christian0
and Eichenbaum
(1992) using postwar U.S. data. In the model, the share of output going to labor is given by the
parameter q. For the U.S., the average value of the ratio of the compensation
of
employees to GDP (net of indirect taxes) is approximately
0.64 (similar values
obtain for the other countries in the sample) and, hence, q = 0.64 is assumed. As
is common in the RBC literature (e.g., King et al., 1988) the steady state interest
rate is set equal to the observed average real return on equity. As documented
by
Mehra and Prescott (1985), the long-run average annual real return on equity in
the U.S. is 7% and, hence, r = 0.0175 is used (as the model is calibrated
to

‘The empirical consumption
durables and services.

measure

used in the ‘Data’ column

is private

consumption

of non-
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quarterly data).7 These (or very similar) values of 6, q, and of the steady state
interest rate are generally used in RBC models. The adjustment
cost parameter
@ is set to @ = 3 in order to match the observation
that the standard deviation
of investment
is approximately
3.3 times as large as that of output (for lower
values of @, investment
is excessively volatile).8
As is common in the RBC literature (see, e.g., Prescott, 1986; Hansen and
Wright, 1992) the preference parameter
p is selected in such a way that, in
steady state, agents devote one-third
of their time to work, which requires
p = 1.59 (empirical studies on the allocation
of time suggest that adults in
industrialized
countries devote roughly one-third of their nonsleeping
time to
market work; see Juster and Stafford, 1991).
The baseline case assumes that the coefficient of relative risk aversion is G = 2.
This value lies in the range of risk aversion coefficients usually assumed in RBC
studies (Friend and Blume, 1975, present empirical evidence suggesting that the
relative risk aversion coefficient is in the range of 2; other estimates of that
coefficient lie between 0 and 5 - see, e.g., Hansen and Singleton, 1983; Dunn and
Singleton, 1986).
Productivity
follows a vector autoregressive
process:
z, = R.z,-~

+ ct,

(11)

in the two countries,
where zt = (ln(8:), ln(0:))’ is the vector of productivities
expressed in logs. The vector E, = (s:, E:)’ is i.i.d. with mean zero and covariance
matrix 52. The simulations
assume
R = ri5

015]

and

~=0.0072.[0!~

As is common in the RBC literature,
serially correlated.g This specification
ity correlation
is 0.20.“.
‘This requires
sit appears
of output.

that /I = 0.9828 is assumed,

Of]

(12)

productivity
is thus assumed to be highly
implies that the cross-country
productiv-

as p.(l

+ r) =

that, for this value of Qi, the average capital

1 holds in steady state.

adjustment

cost amounts

to less than 0.01%

‘Prescott (1986) presents evidence that the autocorrelation
of productivity
is in the range of 0.95, and
RBC studies usually use this value or one close to it (e.g., Hansen, 1985; Gomme, 1993; Ambler and
Paquet, 1994). Hence, an autocorrelation
of 0.95 is assumed in this study. The standard deviation of the
productivity innovation in country i (6:)is set to 0.007, as this is approximately the value for the standard
deviation of productivity
innovations suggested by Prescott (1986). To check whether the R matrix
assumed in (12) is consistent with the data, (11) was fitted for all pairs of G-7 countries (using the
productivity series described in the Appendix; a linear time trend was also included in the regressions).
The estimated R matrices are generally compatible (at conventional
significance levels) with (12).
‘(‘For the G-7 countries, the average cross-country
correlation of HP filtered total factor productivity is 0.25 (for linearly detrended productivity,
the average correlation
is 0.22).
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results

Tables
1 and 2 report the simulation
results. The model statistics
reported in the tables are averages of moments calculated for 1000 simulations
with a sample
length
of 87 periods
each (this number
of periods
corresponds
to the length of the empirical
data set). All simulated
series
were passed through
the HP filter before the model statistics were computed.
To formally evaluate how close the predicted
statistics are to the data,
the methodology
developed
by Gregory
and Smith (1991) was used. The
proportion
of the
1000 simulations
was determined
in which
the
cross-country
consumption
correlation
generated
by the model
was
smaller than the empirical
consumption
correlation
of 0.34. Let 71 denote
this fraction
of trials. rt and 1 - 7~ can be interpreted
as probability
values
for one-sided
tests of the hypothesis
that
the cross-country
consumption
correlation
generated
by the model is compatible
with the
data (values of 7t close to zero or to unity indicate a rejection of this hypothesis). ’ ’
Table 1 considers the baseline specification. The cross-country
consumption
correlation
is 0.72 when markets are complete and 0.38 when markets are
incomplete.
The associated
Gregory-Smith
probability
values are z = 0.00
(complete markets) and 7t = 0.40 (incomplete markets). When asset markets are
incomplete,
the cross-country
consumption
correlation
is thus significantly
closer to the data.
Table 1 shows that the assumption
of incomplete
asset markets also leads
to irnproced predictions
for other international
comovements.
For example.
the correlation
-between net exports and output is markedly lower (and closer
to the data) when markets
are incomplete.
Like previous
IRBC models
that assume a single good (e.g., Backus et al., 1992), the present model underpredicts
the cross-country
correlations
of output,
investment,
and hours
worked (Stockman and Tesar, 1990, show that an IRBC model with multiple
goods can generate cross-country
output correlations
that are more consistent
with the data). The assumption
of incomplete markets does not overcome this
shortcoming.
However, cross-country
correlations
of output, investment,
and

“The Gregory and Smith (1991) methodology
was also used to compute 95% confidence intervals
for each of the statistics considered in Tables 1 and 2 (these intervals run from the 0.025 to the 0.975
quantiles
of the frequency
distribution
of the simulated
statistics
that obtain
when the
model is simulated
1000 times). In the tables. a t next to a theoretical
statistic indicates that
the 95% confidence interval for the statistic includes the empirical moments reported in the ‘Data’
column.
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Complete
markets

Data

(in %)

output
Standard

and Control

model

Statistics
Standard

Dynamics

relative

1.13

1.20

2.00

0.477
3.351_
0.36
0.14t

0.40
3.57t
0.43
0.17

0.50

0.68?
0.687
0.66t
0.687
0.87

0.68t
0.69’r
0.6610.68t
0.94

0.98
0.96
0.98
- 0.07t

0.9 1
0.96
0.96
0.17

0.73
0.80
0.59
0.23

0.97

0.78

0.72
0.00
- 0.29
- 0.44

0.34

to output

Consumption
Investment
Hours worked
Net exports/output

3.37
0.74

0.10

Autocorrelations

output
Consumption
Investment
Hours worked
Net exports/output
Cross-correlations

Cross-country

Consumption
output
Investment
Hours worked

0.79
0.75
0.71

with output

Consumption
Investment
Hours worked
Net exports/output
Saviny--investment

0.78
0.81

correlations

0.97

correlations

0.387
0.1ot
-0.12
- 0.12

0.46
0.45
0.40

The ‘Data’ column reports empirical statistics for the G-7 countries. See the Appendix for detailed
informations
on the data. ‘Standard
deviations
relative to output’ are standard
deviations
of
consumption,
investment, etc. divided by standard deviation of output. ‘Net exports/output’
is ratio
of net exports to output.
The statistics in columns 1 and 2 are averages over 1000 simulations
of 87 periods each. Ah
statistics are based on HP filtered series.
t indicates that a 95% confidence interval includes the empirical statistic reported in the ‘Data’
column (the 95% confidence intervals run from the 0.025 to the 0.975 quantiles of the frequency
distribution
of the simulated statistics).
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hours are larger (and hence closer to the data) when asset markets are incomplete.’ 2
Assuming incomplete
markets have a fairly weak effect on the remaining
statistics considered
in Table 1. Some predictions
worsen somewhat,
while
others improve slightly. ’ 3 For example, the relative standard deviation of hours,
which is already too low when markets are complete, falls somewhat when
incomplete
markets are assumed. On the other hand, the relative standard
deviation of consumption,
which likewise is too small when asset markets are
complete, increases when risk sharing is restricted.
Note also that, as the
two-country
RBC model of Baxter and Crucini (1993). the present model
predicts that, within the same country, saving is closely correlated with investment (this prediction obtains irrespective of the structure of asset markets).
AItrmaticr specijicutions
Table 2 changes the model specification compared to the baseline case.” The
columns labeled ‘Fixed hours’ in Table 2 assume that labor supplies are fixed. It
seems interesting to consider the ‘Fixed hours’ case because, as discussed above.
the complete markets model predicts that consumption
is perfectly correlated
across countries when labor supplies are fixed. Table 2 shows that, in contrast,
the cross-country
consumption
correlation is 0.5 1 when markets are incomplete
(the associated Gregory-Smith
probability
value is 7-c= 0.11). It thus appears
again that assuming incomplete asset markets leads to a marked reduction of
the cross-country
consumption
correlation.
It also seems interesting to vary the risk aversion coefficient. In the columns
labeled ‘High risk aversion’ the risk aversion coefficient is raised to 0 = 5. For
both asset market structures,
this lowers the cross-country
consumption

of an increase in productivity
that occurs.
say, in countryl.
Simulations show that hours worked and investment increase in country I. Also.
2 investment
(hence, the negative cross-country
the interest rate rises, which lowers country
investment correlations
reported in Table 1). When markets are complete, the country 1 productibit)
shock induces a positive wealth effect in country 2 which implies that country 2 hours fall (i.e.. the
sign of the response of hours worked differs in the two countries). When markets are incomplete, this
other-country
wealth effect is not present. In addition, country I wealth rises more strongly when
markets are incomplete. which dampens the rise in country I hours and strengthens
the rise m
country
I consumption.
This explains why net exports are more countercyclical
and why the
cross-country
hours correlation
is higher when markets are incomplete (the higher cross-country
hours correlation
helps explain why the cross-country
correlations
of output and investment are
higher when markets are incomplete).
“Hut

most of the other statistics

are basically

unaffected

when incomplete

markets

are assumed.

correlations
of consumption
and output.
“To save space. Table 2 only reports cross-country
remaming predictions
are, on the whole, rather similar to those which obtain m the baseline
(detailed simulation results are available on request).

The
case
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economics
Model specification
Fixed hours

Statistics

High risk aversion

Incomplete
markets

Complete
markets

Incomplete
markets

Complete
markets

Data

0.517
0.18t

1.00
0.17-F

0.28t
0.147

0.55t
0.04

0.34
0.46

Cross-country correlations
Consumption
output

The columns labeled ‘Fixed hours’ assume that labor supply is completely inelastic. The ‘High risk
aversion’ experiment assumes 0 = 5.
t indicates that a 95% confidence interval includes the empirical statistic reported in the ‘Data’
column (the 95% confidence intervals run from the 0.025 to the 0.975 quantiles of the frequency
distribution
of the simulated statistics). See Table 1 for additional explanations.

concorrelation
compared to the baseline case. l5 However, the cross-country
sumption
correlation
remains markedly lower when markets are incomplete
(0.28) than when markets are complete (0.55).16

6. Concluding remarks
This paper has presented a two-country
RBC model in which asset markets
are incomplete - in the sense that only debt contracts can be traded in international financial markets. The model can generate cross-country
consumption
correlations
that are markedly lower, and hence closer to the data, than the
cross-country
consumption
correlations
that obtain when asset markets are
complete.

15When 0 is raised, variations in hours worked have a stronger impact on the marginal utility of
consumption
[note: the elasticity of the marginal utility of consumption
with respect to hours is
- g. (1 - c). L/(1 - L)]. As hours fluctuations
have a large country-specific
component, this helps
explain why consumption
comoves less closely in the two countries when 0 is raised.
“The associated Gregory-Smith
IL= 0.08 (complete markets).

(1991) probability

values are z = 0.60 (incomplete

markets)

and
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Appendix
A. 1. The model with incomplete

asset markets: First-order

Ruling out Ponzi schemes, the solution
i satisfies the following Euler conditions:

of the decision

conditions
problem

of country

u\.,= (1 + rt).B.EtU’;.t+

(A.11

u;,,= fi~E,MPKf+lW;,,+l.

(A.2)

1,

Here MPKf + , = U”;.,+I + 1 -d-d+
2,t+ r]/[l
poral marginal rate of transformation
between
while z&, f&, and & denote the derivatives
Hf.(Kf)‘-‘l.(L:)“,
and r$(Kf+,, Kf) with respect
functions.
In addition,
country
i equates its
between labor and consumption
to the marginal

t& + [Iof.(K”.r?.(Lf)“-‘].ul,,

= 0.

+ $;,,I is country i’s intertemoutput in periods t and t + 1,
of u(Cf, I,;), f(Kf, L:, 0;) =
to the sth argument
of these
marginal
rate of substitution
product of labor:
(A.31

A.2. Data appendix
The ‘Data’ column of Tables 1 and 2 reports statistics that are averages of
empirical statistics computed for the G-7 countries. For example, the withincountry statistics reported in the ‘Data’ column are arithmetic
averages of
statistics computed for each of the G-7 countries (e.g., the empirical statistic for
consumption
reported under the subheading
‘Standard deviations
relative to
output’ was obtained
by computing
the ratio of the standard
deviation
of
consumption
to the standard deviation of output for each G-7 country and
taking the average value of this ratio for the G-7 countries). Empirical crosscountry
correlations
reported in the ‘Data’ column are averages of crosscountry correlations
computed for all pairs of G-7 countries.
Empirical series used for statistics reported in ‘Data’ column of Tables 1 and
2: output ~~GDP; consumption
~ private sector consumption
of nondurables
plus services; investment -- gross fixed capital formation; net exports ~ exports of
goods and services minus imports of goods and services: saving - GDP minus
total private consumption
minus government
consumption
(in model, saving
defined as Y - C). All empirical variables are quarterly (1970: l- 1991: 3); they
are in per capita terms and in constant prices.
Data sources and definition of variables
GDP, Gross Fixed Capital Formation, Government Consumption, Total Private
Consumption, Exports of Goods and Services, Imports of Goods and Services:
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These series are taken from International
Financial
Statistics (IFS). They are
provided in current prices by IFS. The series were deflated using the IFS
consumer price index. The investment
series include public investment.
Private Consumption
of Nondurables
and Services: Expenditures
on nondurables and services (in constant
prices) from OECD Quarterly
National
Accounts.
Hours of Work: The following series were used. U.S. ~~total employee hours
(from establishment
survey) were taken from Citibase (series LPMHU). Japan,
France ~ an index of total hours worked was constructed
by multiplying
the
series ‘paid employment
in nonagricultural
establishments’
and ‘weekly hours of
work in the nonagricultural
sector’ from the Bulletin of Labour Statistics
published by the International
Labour Office (ILO) (for Japan, the hours series
for employees was used). United Kingdom - total employment
multiplied by
average weekly hours worked (from Employment
Gazette, Supplement
with
Historical Statistics, 1992). This source provides hours data at annual frequency
only. A quarterly
U.K. hours series was constructed
by linear interpolation.
Italy ~ total employment
(not hours) in nonagricultural
sector (from ILO).
Canada - 1975-1991: total hours worked (all jobs); before 1975: total employment (series from Historical Labour Force Statistics 1991, Statistics Canada).
Capital Stock: U.S. ~ private plus government
owned fixed capital (at constant cost); source for 1971-1990: Musgrave (1992, Table 4). The U.S. capital
stock for 1991 was estimated by assuming
that the growth rate of capital
between 1990 and 1991 equaled the average growth rate during 1971l1990.
Japan, Germany,
France, U.K., Canada ~ for 1971-1989, data on total net
stocks of capital in constant prices were taken from Flows and Stocks of Fixed
Capital (OECD). Italy - 1971-1985 capital stock data in constant prices were
taken from the Intersectoral
Database (OECD). The Italian capital stock for
1986-1989 was estimated by assuming that during each of these four years the
share of Italian physical capital in the total capital stock of the G-7 countries
(other than the U.S.) equaled the share observed in 1985. Capital stocks for
1990-1991 were estimated by assuming that for each country the growth rate of
the capital stock between 1989 and 1991 equaled the average growth rate of
capital in that country during the period 1971-1989. All capital stock data from
these sources are annual. Quarterly
capital stock series were constructed
by
linear interpolation.
Population: International
Financial
Statistics. Quarterly
series were constructed from annual figures using linear interpolation.
Total Factor Productivity: TFP series were obtained
according
to the
method described in Solow (1957). For this purpose, the GDP, capital stock, and
hours series described above were used, as well as time series for the share of
labor earnings in output. The latter were constructed
as follows: for each
country, data from the OECD National Accounts were used to construct an
annual series (for 1970-1991) for the ratio (compensation
of employees paid by

R. Kollmann
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95’)

resident producers)
t (GDP minus indirect taxes plus subsidies). To obtain
a quarterly labor share, it was assumed that the labor share is constant during
all quarters of the same year.
Series that are not provided in seasonally adjusted form by the data sources
were adjusted with the Census X-11 seasonal adjustment
procedure (using the
EZ-Xl 1 program available from Doan Associates, Evanston, IL).
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