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CEAPTER I

INTRODUCTION

Models of the international economy which assume complete asset markets
predict that consumption co-moves closely in different countries as this
structure of asset markets allows agents in different countries to ’pool’
the country-specific risks which they face (see Scheinkman {1984}, Leme
(1984)). Examples in this class of models include the recent international
Real Business Cycle models of, among others, Backus, Kehece & Kydland

(1989), Baxter & Crucini (1989), Stockman & Tesar {1991).

The first essay in this thesis (chapter II) tests the implications for the
trend behavior of consumption of models of the international economy which
assume complete asset markets. In a world where consumptions and real
bilateral real exchange rates of different countries follow unit root
processes, such models predict that (under certain assumptions about
preferences) consumptions and bilateral real exchange rates are
cointegrated for any given pair of countries. The paper presents
statistical tests which suggest that data on consumptions and real exchange
rates for the US, Japan, France, Britain, Italy and Canada during the

period 1971-1987 are inconsistent with this prediction.

These findings suggest that models with limitations on international asset

markets might be needed to explain the international covariation of



consumption.

The second essay in this thesis (chapter III) presents a Real Business
Cycle model in which limitations on international capital markets exist in
the sense that only debt contracts are available for international capital
flows. Simulations of the model suggest that it can explain the low
cross~country correlations observed in detrended consumption data, and that
for ’realistic’ cross-country correlations of the exogenous shocks.

The second essay argues also that a medel which allows for additive
technology shocks is better able to explain the observed positive
correlations of investment and output across countries than standard
business cycle theories in which multiplicative shocks to total factor
productivity are the only source of economic fluctuations. One possible
interpretation of the additive shocks 1is as shocks to government

consumption.



CHAPTER I1I

THE STRUCTURE OF INTERNATIONAL CAPITAL MARKETS AND COMMON TRENDS IN
INTERNATIONAL CONSUMPTION DATA: AN EMPIRICAL ANALYSIS
1. Introduction

Models of the international economy which assume complete asset markets
predict that consumption co-moves closely in different countries as this
structure of asset markets allows agents in different countries to *pool’
the country-specific risks which they face (see Scheinkman (1984), Leme
(1984)). Examples in this class of models include the recent internaticnal
Real Business Cycle models of, among others, Backus, Kehoe & Kydland
(1989), Baxter & Crucini {1989), Stockman & Tesar (1991).1

Previocus empirical evaluations of these models have typically focused on
their high-frequency implications (see , e.g., Backus, Kehoe & Kydland
(1989) who ’'calibrate’ their model of international business cycles by
comparing its predictions to detrended data). In contrast the present paper
tests long-run implications of these models, by focusing on their

implications for the trend behavior of consumption in different countries.

Unit root tests suggest that consumption in the US, Japan, France, Britain,
Italy and Canada during the period 1971-1987 can be described by unit root
processes. Under certain assumptions about preferences, models with
complete asset markets predict that in a setting where (log) consumptions

and bilateral real exchange rates follow unit root processes, these

1See these papers and chapter III for further references.



variables are (stochastically) cointegrated for any given pair of
countries, i.e., there exists a linear combination of these series which is
trend stationary (see Ogaki (1988)). The paper presents results based on
two types of cointegration tests (Park (1991), Phillips & Ouliaris (199C))
which suggest that consumption behavior in the countries mentioned earlier
is inconsistent with this prediction.

These results suggest that models with incomplete asset markets might be
needed to explain the international covariation of consumption. The paper
considers a structure of incomplete asset market in which consumptions in
different countries fail to be cointegrated. What makes asset markets
incomplete in this economy 1is the fact that only debt instruments can be
used for international berrowing and lending. When rates of change of
consumption and of real exchange rates are log-normally distributed and
when agents have iso-elastic preferences, this model implies a linear
restriction on conditional expectations of future rates of consumption and
real exchange rates in different countries, Various tests of this
restriction are discussed. Simulations of an international Real Business
Cycle model with the asset market incompleteness which was just described
suggest that it can explain the low cross—country correlations observed in
detrended consumption data (see chapter I111). Generalized Method of Moments
based tests of a version of the model with incomplete asset markets which
assumes a single consumption good fail to reject the model. Tests which
are based on a method due to Velu et al. (1986) reject the single good
version of the model, but they are more supportive of a version of the
model in which countries consume heterogeneous (country-specific)

consumption goods.



Section 2 of the paper presents a model of the international economy with
complete asset markets and it describes its testable implications. Section
3 describes statistical metheods used to test the predictions of that
model. Section 4 describes the data used for the tests and section 5
presents the empirical results. Section 6 summarizes the findings obtained
in sections 2-5. Section 7 presents a model with an alternative
(incomplete) asset markets structure and it tests implications of this
asset structure. Tables with summary statistics and empirical results are

presented in the appendix.

2. Complete International Asset Markets and Comovements in
International Consumption

In the presence of complete asset markets, the behavior of the world
economy can be characterized as the solution to a social planning problem
which consists in maximizing a weighted sum of the utility levels of the
(representative) consumers of the different countries subject to world
resource and technology constraints ( see , e.g., Scheinkman (1984), Leme
(1984), Backus, Kehoe & Kydland (1989), Baxter & Crucini (1989), Stockman
& Tesar (1990), Yi (1990)).%

Consider a world with 'I’ countries indexed by i=1,..,I. Following Backus,
Kehoe & Kydland (1989), assume that each country is inhabited by a
(representative) agent who is infinitely lived and whose intertemporal

preferences can be represented by a time separable utility function of the

2Applications of the same idea in a context which involves individual
consumers in a closed economy setting can be found in Cochrane {1991), Mace
({1991) and Townsend (1989).



i T, 1T 1 . -
form Vt EtET=O(B ) Vi here Et denotes expectations conditional on

informations available in period t; O<BlEl/{l+bl)<1, where b’ is i's
» i‘ ’

subjective rate of time preference and Vi is the agent's instantaneous

utility function in period t+7.

The social planning problem mentioned earlier consists in maximizing the

term Z;:ihlVS, where A' is a 'welfare weight’ attached to country i. The
welfare weights are time invariant. They reflect the distribution of wealth

between the different countries.

2.1. A World with a Single Consumption Good

Assume that--as in the Real Business Cycle models of , among others, Backus,
Kehoe & Kydland (1989) and Baxter & Crucini (1989)--there exists a unique
consumption good which can costlessly be shipped between countries, and let
Ct and ci denote total world-wide consumption and the consumption of
country ’i’ in peried t respectively.

Let CZ denote the optimal aggregate world consumption implied by the
solution of the social planning problem. Given optimal world consumption,

the optimal consumptions of countries i=1,...,n can be characterized by

solving the following problem:

fem 3 i 3 %
Max E;=TA1VS by choice of ct,..,c? s.t. E% Not=C

1=1Ct_ t for all periods t=0.

3To any competitive equilibrium in the world economy with complete

asset markets there corresponds a set of welfare weights which 1s such that
the solution of the social planning problem is identical to the competitive
equilibrium. Countries whose wealth (evaluated at the prices which obtain
in a given competitive equilibrium) is large are given large welfare
weights in the social planning problem.

&



Throughout this paper, it is assumed that the peried t utility function of
country 1 is additively separable in consumption and all other goods
(denoted by 'Z') which affect 1’s well-being and that it depends on
consumptions in period t only (departures from these assumptions are
discussed below):

i

i, 1 i, i
v, =u (ct)+¢ (Zt) , (2.1)

i < : :
where u is assumed to be an increasing and concave function.

For this specification of preferences, the solution to the social

planning problem requires the following condition to be satisfied:

abxghyteul (ehi=adr (@) () (2.2)
(2.2) imposes strong restrictions on the behavior of consumption in
countries i and j: it implies that country j’s consumption can be expressed

as an increasing function of country i's consumption.

To obtain testable implications from (2.2}, 1 follow the Real Business
Cycle literature and adopt a constant elasticity specification of the
period utility functions:

k_ k k Gk k k
U =A"*(1/¢ )*c , with A™>0, ¢ <1 for k=1, (2.3)

With these preferences, condition (2.2) becomes

S S
ai*(sl)t*Al*(ct)(“ “=AJ*(BJJt*AJ*(cg)(cr 1 (2.4)

i 4This follows from the concavity of v' and vj. Recall that the weights
AT and AJ are time invariant.



Taking logs of (2.4) ylelds the expression

(o‘l—l)*ln(ci)ﬂ(i’j+ln[B‘j/Bi]'t+(¢rj-l]*ln(c‘g) : (2.5)
where Ki’jEln[[hj*Aj)/(hi'Ai]].

(2.5) forms the basis for the first set of tests to be presented below.

Statistical tests discussed below suggest that consumption series in the
sample of countries considered in this paper can be modeled as unit root

processes.

(2.5) implies that there exists a linear combination of ln(ci) and 1n(cj)
which exactly equals a deterministic trend. From an empirical point of
view however it makes more sense, to interpret {2.5) as a long-run
*equilibrium condition’ rather than as a condition which each period is
exactly satisfied in the data.5 Given the evidence according to which
(log) consumptions follows unit robts processes, [ interpret condition
(2.5} as predicting that ln(ci) and ln(cj) are ’stochastically
cointegrated’, i.e., that there exists a linear combination of these

variables which 1is trend stationary.6 Ogaki (1988) defines random

SFor example because of measurement errors in consumption data. Random
taste shocks are another reason why the deterministic restriction on the
consumptions of different countries specified in (2.5) may fail to hold. To

model these shocks, assume for example that A and AJ are random numbers
rather than constant parameters, as was assumed up to now. Then k''J s
random. Under the identifying assumption that Kl'J is stationary, conditicn
(2.5) predicts that a linear combination of the consumptions of countries i
and j is trend stationary.

6A variable is trend stationary if it can be represented as the sum of
a deterministic trend and a covariance stationary random variable.

8



variables with unit roots for which there exists a linear combination which
is trend stationary as "stochastically cointegrated" . He contrasts this
with the concept of ‘"deterministic cointegration" which requires the

existence of a linear combination which is covariance stationary.

The tests presented below are tests of the joint hypothesis of complete
markets and the preference specifications (2.3). It should however be noted
that - up to a (log) linear approximation - linear restrictions similar to
(2.5) follow from the risk-sharing condition (2.2) for more general
specifications of the instantanous utility function ‘u’. Under certain
conditions, restrictions on the behavior of consumption in different

countries which are simliar to (2.5) can also be obtained if the assumption

that life-time utility functions are time-separable is dropped.8

7See Campbell & Perron (1991) for further discussions of these ceoncepts.

8pssume for example that ui=uk(ct+a*ct_1
i.e., that the period t instantaneous utility of country k depends on
consumptions in periods t and t-1. The solution to the social planning
problem now requires the following condition to be satisfied for all

periods tz0:

i it i, 1 i
A *[(B yteul (clvarcl )+(p

)} {where a is a constant),

iot+l, i, i T
) a Etu (ct+1+a ct)]—
RJ*[(Bj]t*uJ’(cg+a*ci_1)+(ﬁj)t+1
This condition is satisfied if
AbeahyTegls (clearel )=adeg)Teud (cdvate) ) (N.1)
T -1 T -1
heolds in all periods.
(to obtain this condition it-is important that the parameter 'a’ 1is the

» oW j' J ;j
a Etu (ct+1+a ct)].

game for countries i and Jj). For the constant elasticity specification

(2.3), this condition implies a linear restriction on the behavior of

) R 1
ln(ct+a Cy_q

) and 1n(ci+a*cg_1). A more convenient restriction can be



The constant elasticity specification (2.3) is a standard feature of many
model 1in macroeconomics and finance. Existing Real Business Cycle models
use it, as it is the only preference specification which - in a model with
infinitely lived agents - yields steady state growth paths for which
consumption growth rates and real interest rates are constant.

In this context it seems important to note that the Real Buéiness Cycle
literature typically allows for preferences in which consumption and work
effort interact in a non-separable way; when labor is immobile
internationally, non-separabilities between consumption and work effort
reduce the international correlation of consumption.9 This 1literature

assumes however that there exists a steady state level of work effort which

obtained if instead of a constant elasticity utility function an
exponential utility function is used: uk(ct+a*c§_1)=Ak*exp(Bk*(c:+a*ct_1])
for k=1i,]j, where Ak and Bk are constants. Rewriting (N.1) for this utility

function and taking logs of the resulting expression yields:

1e, i, = i
B (ct+a Cy_q

y=ctdein(gdghyreendr (clrare] ), (N.2)

where xl’JEln[(AJ*AJ*BJ)/(AI*AJ*BJ)]. Assume that {ct} and {ci} follow
unit root processes, i.e. that ci=pk+c§_l+ei for k=i, where g is
mean zero variable which is covariance stationary. Substituting Ct-l and
J
“t-1

Bi*ci_1=;1'j+BJ*c€_1+ln(Bi/8J]‘t+nt, (N.3)

from these expressions into (N.2) yields:

~ 2

where nl'jaxl’J+Bl*ui—BJ'pJ and ntEBj*ei—Bl’st is a covariance stationary

random variable. According to (N.3) consumptions in countries 1 and j are
cointegrated.

9See Devereux, Gregory & Smith (1991) for detailed discussions of this
point.

10



. 10 . s ek
is constant. “Under this assumption, the restriction for the trend behavior
of consumption in different countries which are implied by {(2.5) continue

to hold.11

In addition to the setting with a single consumption good, I also consider
economies in which countries differ in the consumption goods which they
consume. This is motivated by the large variations in real exchange rates
experienced by the countries in the sample. Note for example that on
average the price of a unit of non-durable Japanese consumption in terms of
US consumption has risen at the rate of 5.4% p.a. during the period
1971:1—88:1.12 Table 2 formally tests the hypothesis that unconditional

means of the log growth rates of real exchange rates are zero. For most

country pairs in the sample there Iis strong evidence against this

hypothesis.

10See , e.g., King, Plosser & Rebelo (1988).

11Thls can easily be illustrated using the standard utility function
used in the Real Business Cycle literature (see, e.g., King, Plossser &
Rebelo (1988), Rotemberg & Woodford (1989)}): u=A*(c*expl- w(L)]) where "L’
denotes the number of hours worked and ¢ is an increasing function. For
thls utllity functlon condition (2. 5) becomes
(e*-1)*1n(c})-o "y Ly =« Jain(gd/ghyete@d-D* eIl ).
If {Lt} and {L.J are covariance stationary, then the prediction that
ln(c } and ln(cj) are stochastically cointegrated continues to hold
(actually, the predlctlon continues to hold provided ¢ (L ) and wJ(LJ) that

are trend stationary).

12Real exchange rates defined in terms of aggregate consumptlon
have behaved similarly during the sample period.

11



2.2 A World with one Country-Specific Good
I next consider a model in which each country consumes a single good which

is distinet from the goods consumed by other countries. In what follows, I

13

refer to this framework as the 'one country-specific good model’ . In this
setting, the assumption of complete asset markets implies that

abeghy eyt adn(gdyboudrom (2.6)
holds where s is the relative price of the consumption goods of

t

countries i and J (i.e. R'*J is the bilateral real exchange rate of these

countries in terms of their respective consumption goods: let pt and pJ

denote the prices of ct and ci respectively in terms of some numéraire;

then Rt'JEpl/pJ).

To understand why (2.6) is implied by the assumption of complete asset

markets, note that the marginal rate of substitution between ct and ci
: . . 14 . 1ernl b i,
from the point of view of the social planner is [(AT*(B™) *u) /

[AJ*(BJ)t*uJ’]‘ (2.6) is the condition that the planner’s marginal rate of

substitution between ct and cg is equated to the relative price of these

two goods.15

13A more realistic specification would assume that each country
consumes two goods: a tradable good (which is consumed by mere than one
country) and a non-tradable good (home’ good). The framework with one
country-specific consumptlon good is adopted because available statistical
sources do not disaggregate natlonal consumption into home and imported
goods.

14Recall that the planner’s objective function 1s Z::gkl‘Vé.

15A more intuitive justification of condition (2.6) is to imagine that

there exists a material input (such as 0il) which is freely traded between
countries and which is used by all countries as an input into the

12



With the constant elasticity preferences defined in (2.3), conditlon (2.6)

implies that
(al—l)*ln(ct}=Kl’J+1n(5J/Bl)‘t+(¢J—1)*ln(cg)+ln(Ri'j) : (2.7)

where as before Ki’jaln[(hi*Aj)/(Ai*Ai)].

As shown below, bilateral real exchange rates in the sample of countries
can be described by unit root processes. I therefore interpret (2.7) as
predicting that (log) consumptions and {log) bilateral real exchange rates

are stochastically cointegrated for these countries.

2.3. A World with Two Country-Specific Goods

1 also consider an extension of the previous model in which each couniry
consumes two country-specific goods: assume that country i’s period t
utility function is

s, ), (2.8)

where ndt and st are the two goods consumed by i. In the empirical part of

the paper these two goods will be interpreted as non-durables and services

production of their country-specific consumption good. Denote this good by
*z'. At the optimum the social planner is indifferent between allocating an
additional unit of the tradable input to country i and allocating that unit
to country j. Allocating an additional unit to country k=i,j allows to
increase that country’s productioric (and consumption) of its
country-specific consumption good by dc s/3z (the marginal product of the
material input). Hence the solution to the social planning problem has the
property that

Abn (gl tecactsazy* (aul (chrsachi=adn (89) te(acd a2y (aud (cd)saeT) .

Under perfect competition, ack/az=1/pk holds where pk is the price of

country k's consumption good in terms of the material input; we therefore

have  that Ai*(Bi)t*(aui(ci)/aci]=hj*(8j]t'(pi/pk)*(auj(cj}/acj), ie.
(2.6) holds.

13



consumptions respectively. (2.8) is motivated by Stockman & Tesar (1990)
who present a Real Business Cycle model which disaggregates private
consumption into tradables and non—-tradables (services);16 they argue that
this goods markets structure helps the model explain the low cross-country
correlations which are observed in detrended consumption data.

1n the world with two country specific consumption goods, the solution of

the social planning problem satisfies the following conditions:

larglte 1 iy 3Jeggdyte,d J Jye i,J

AT*(BT) und(ndt’st) AT*(BY) und(ndt,st) RNDt , (2.9 a)
iil j‘ t* j" l i - j.‘ j t* j .j J - i:.j

and ATE{(BT) us(ndt,st) AT*(BY) us(ndt.st) RSt , (2.9 b}

where RND Y (RSt’J) is the relative price of the nd (s) goods consumed by

countries i and J.

The tests of (2.9 a) and (2.9 b) use a constant elasticity utility

function:

k

k
Kndk, Ky=aks (nd)7 *(* .

(2.3")

This utility function is increasing and concave in nd and s iff o+p<l
and o*p>0 hold.

Writing (2.9 a) and (2.9 b) using the constant elasticity function
specified in (2.3’) and taking logs yields the following cointegrating

relations:

16Empirical research in internatiecnal economics has frequently assumed

that services are non-tradable: see for example Kravis, Heston & Summers
(1982}, Kravis & Lipsey (1983, 1988).

14



(e'-1)*1n(nd} )+ *1n(s, )= (2.10  a)
Ki’j+ln[Bj/Bi)*t+(oj—1)‘ln(ndg)+uj*ln{si]+ln(RNDi’j];
Ui*ln(ndi)+(ui—1)*ln(st)= {2.10 b)
kb Je1n(8)/8Y ) *teod*1n (nad)+ (wI-1)*1n(s)) +1nrs ),
where as before Ki’jEln[(Ai*AJ)/(Ai*Ai)].
Hence the model with two country-specific consumption goods implies that

log consumptions of non-durables and services in countries i and j and the

bilateral log real exchange rates between these countries are cointegrated.

Empirically, tests of (2.10 a) and (2.10 b) yield very similar results. The

discussion in the rest of the paper focuses on condition (2.10 a).

To conclude this section, I restate the cointegrating relations which
will be tested below:
(i) The model with a single consumption good:
(61—1}*1n(ci)=Ki’J+1n(BJ/Bl)'t+(¢J—1)*1n(ci}. (2.5)
(ii) The model with one country-specific consumption good:
(01—1)*1n(ct)=K1’J+ln(BJ/Bl)*t+(oJ-1}‘1n(c€)+ln(R1’J) : (2.7)
(iii) The model with two country-specific consumption goods:
(e'-1)*1n(ndp)+u'*In(s} )= (2.10  a)
Ki-J+1n(sJ/Bi)*t+(a3—1)*m(mi)+p3*1n(sg)+1n(RNDi’ %,
The next two sections discusses the statistical methods and the data which

will be used for the tests of these cointegrating relations.

15



3. Statistical metheods
I assume that all variables can be represented as sums of deterministic

trends and mean zero stochastic components as in the following expression:17
= * oy
Xy a+b*t 2t , (3.1)

where Zt is a mean zero random variable. Following Campbell & Perron
(1991), I assume that Zt follows an ARMA process: A(L)Zt=B(L)‘€t, where
A(L) and B(L) are polynomials in the lag operator L, while €, is iid. The
series {xt} has a unit root if the autoregressive polynomial of 2t has one
unit root, while all other roots are strictly outside the unit circle (see
Campbell & Perron (1991)). If this condition is satisfled, (I—L)*xt is

covariance stationary with mean b.

3.1. Unit Root Tests
Several unit root tests Thave been discussed in the economeirics
literature.18 The test used here is the Augmented Dickey-Fuller (ADF) test

which consists in estimating the following model by OLS:
= * * *
Rt L T NI (3.2)

$=0 holds under the null hypothesis that the stochastic component of 'Z2° in

Campbell & Perron (1991) discuss time series with more general types
of deterministic components, including ones characterized by variaticns in
intercepts, slopes etc.

1SSee Campbell & Perron (1991} and Cochrane (1991) for references.
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(3.1) follows an ARIMA(k+1,1,0) process.19 The linear trend o+8*t is
included in (3.2), because the deterministic part of Xy is assumed to be a
linear time trend (see (3.1))

Under the hypothesis that ¢=0, the distribution of the studentized value of
the OLS estimate of ¢ is non-standard; critical wvalues for this

distribution are tabulated in Fuller (1976).
Results from unit root tests are discussed in section 5.1.

3.2. Cointegration Tests

I use two methods for testing for cointegration: the 'spurious regression’
test proposed by Park (1990) and the 'residual based’ test of Phillips &
Ouliaris (1990).

Park’s method allows to test the null hypothesis that a set of variables is
cointegrated. This is an attractive feature as it allows to directly test
the cointegrating relations implied by the models discussed in the last
section. In contrast, the Phillips & Ouliaris test (like all other
cointegration tests currently available in the econometrics literature)20
tests the hypothesis that a set of variables is not cointegrated. Phillips
& Ouliaris tests are reported because failure to reject the

no-cointegration hypothesis would provide useful information on the model

19As ARIMA(p,1,q) processes can be approximated by ARIMA(g,1,0)

processes for suitable choices of 'g’, the Dickey-Fuller testing procedure

can also be applied when Zt has a moving average component (see Sald &

Dickey (1984)), although wusing the Dickey-Fuller procedure can be
problematic if the MA parameters are large (see Schwert (1987)).

20See Campbell & Perron (1991) for an overview.
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which is tested.

3 5 1. Park's (1990) test’!

Assume that the g+l variables xg, xt,...,x? all have unit roots. If they
are cointegrated, the residual in the following cointegrating regression is
stationary:

Q_ - S=q, .5
xt—D+F t+zs=1ws xt+nt . {(3.3)

Park’s method considers a variant of thls cointegrating regression which

obtains when the ’x’ variables in (3.3) are transformed by adding to them

certain stationary random variables (see Park (1990), p.117). Denote the
transformed 'x’' variables by ;. park (1991} refers to the cointegrating
regression which obtains when in (3.3), the x variables are replaced by ;
as a 'canonical cointegrating regression’. To apply Park’s method,

' guperfluous’ regressors, such as high order time polynomials,zz are added
to the canonical cointegrating regression and one tests whether these
superf luous regressors enter significantly in the regression.

2 .3 o3
Fer example, let zt=(t ,t7,..,t%) and let ¥ be a column vector of

coefficients which is conformable with Z,- To apply Park’'s method, one can

add the term zt'w to the canonical cointegrating regression:

leee Campbell & Perron (1991) and and Fisher & Park (1990) for useful
discussions of this test.

22Park (1990) shows that his test can also be performed by adding

superf luous random variables with unit roots (such as computer generated
random walks) to the cointegrating regression.
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0 S=n °5 -
=D+F* - + ®opy
x, =D F t+}:s=1"bs Xtz trimy {3.4)
Park's test expleoits the fact that if xg, xi,‘.., x? are stochastically

cointegrated, then the Wald test statistic for the hypothesis y=0 converges
to a stable limiting distribution. Otherwise, the Wald statistic diverges.
The Park test statistic for the test of the null of cointegration is a
transformation of the Wald test statistic.

As the outcome of the Park test can depend on which of the 'x’ wvariables is
used on the left-hand side of the cointegrating regression (3.3), test
results will be reported for all possible choices for the left-hand side
variable in that equatioen.

Park (1991) shows how to conduct tests of hypotheses concerning the
coefficients of the cointegrating regression. This is useful, as the
coefficients of the cointegrating relations (2.5), (2.7) and (2.10 a), are
functions of preference parameters. Park’s method therefore allows to test
whether the preference parameters implied by the estimated coefficients of
the cointegrating regressions are consistent with well-behaved utility

functions.

To compute Park’s test statistics feor the test of the null of
cointegration, it is necessary to correct for serial correlation in the
residual in the cointegrating relation (3.3) and in the first differences
of the ’'x’ variables included on the right-hand side of (3.3) (see Park

(1990), p.117) . 1 wuse the Newey & West (1987) method and 10
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autccerrelations for that purpose.23

4
The Park tests reported below use tZ, t3 and t as 'superfluous’ regressors

in {3.4).

3.2.2. The Phillips & Ouliaris (1990) method

The fact which underlies the 'residuals based’ method is that 1if the n+t

1 q

. 0
variables x ,xt,..,xt

¢ all have unit roots, and if they are not

stochastically cointegrated, then the residual in the <cointegraing
regression (3.3) is non-statlonary; hence unit root tests can be applied to

that regression residual in order to test the null hypothesis that

0.1

xt,xt,.‘.x% are not cointegrated. Phillips & Ouliarls (1990) use Phillips’

(1987) ZOL and 2, unit root test statistics for this purpese. In the work

presented below, I use both of these tests.

To compute the Zt and Za test statistics, one runs the regression:

- ~ ~ ~

nt=a‘nt_1+kt, where nt is the regression residual obtained by fitting
(3.3). Under the null hypothesis that the variables xg, xt,...,x? are not

cointegrated, a=1 holds. The ia test statistic is a transformation of the
expression T‘(;*IJ {where & is the OLS estimate of « and T is the sample
length) while the it test is a transformation of the t-test statistic for a
test of the hypothesis that a=1.

To compute the Phillips & Ouliaris test statistiecs, it 1is necessary to

correct for serial correlation in the residual kt (see p.171 in Phillips

23Table 7 reports the results of Monte Carlo simulations which suggest
that for the available sample length (69 periods} it might be appropriate
to correct for 10 autocorrelations.
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& Ouliaris (1990)). I use the Newey & West method and 10 autocorrelations
for this purpose.

As outcomes of the Phillips & Quliaris test can depend on which ’“x’
variable 1s used on the left-hand side in the cointegrating regression
(3.3), test results will be reported for all possible choices for the

left-hand side varlable in that equation.

4. The Data
This paper uses quarterly data on private consumption in the us, Japan,
France, Britain, Italy and Canada (henceforth I refer to these countries as
'Ge" countries}24 from the CECD Quarterly National Accounts (QNA) database.
The consumption series for the US, France, Italy and Canada are supplied in
seasonally adjusted form by the QNA. Series for Japan and the UK are
provided in seasonally unadjusted form; I used the esmooth’ command in the
econometrics package RATS to seasonally adjust them. All consumption
figures used in the empirical work are expressed in per capita terms‘zs The
consumption data are available for the period 1970:1-88:1 {71:1-88:1 for
Italy). The database contains non-durable and services consumption series
in current prices (in units of the respective national currencies) as well
as in constant prices; by dividing the former by the latter, I constructed

price indices for non-durables and for services. Exchange rate data are

24The G6 equals the more familiar G7 without Germany. Germany is not

included in the sample because the OECD quarterly national accounts
database does not provide data on German consumption of non-durables and
services,

25Using population figures from the Internaticnal Financial

Statistics database.
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taken from the International Financial Statistics database.
Descriptive statistics on consumption and real exchange rates for the G&

countries are presented in tables 1-4.

I tested the cointegrating relations implied by the single consumption good
mode 1 (see 2.5) and by the model with one country-specific consumption
good (see 2.7} for a variety of consumption measures: (1) non-durables,
(1i) non-gdurables plus services, {iii) non-durables plus services and
government consumption, (iv) total private consumption expenditures
(including expenditures on durables), (v} total private consumption
expenditures plus government consumption expenditures.

It appears that the tests results using these different consumption
measures are quite similar.

For the tests of the single good model and of the model with one
country-specific goed, rTesults are reported belew for a consumption
measures consisting of non-durables plus services, i.e. the cointegrating
relations (2.5) and (2.7) are tested using the sum of non-durables and
services consumption in country 1 as a measure for the consumption good

¢’. The tests of the model with two country-specific consumption goods

identify these two goods with non-durables and services respectively.
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5. Empirical Results
5.1. Results From Unit Root Tests

Tables 5 and 6 present the results of unit root tests for consumptions and
bilateral real exchange rates. These tests were conducted for the following
values of the lag parameter 'k’ in (3.2}: k=0,1,2,3,4,5,6.

Table 5 presents unit root tests for consumptien. For countries other than
Japan we see that there 1is little evidence at the 10% level against the
unit root hypothesis. For the Japanese series, the table provides strong
evidence against the unit root hypothesis; it appears however that for
larger values of k there 1is little evidence against the unit root

hypothesis. Because of this, I do not exclude Japan from the sample,

Table 6 presents tests of the hypothesis that the bilateral real exchange
rates {in logs) of the G6 countries follow unit root processes, The tests
are for real exchange rates in terms of non-durable consumption goods
(test results for real exchange rates in terms of services are similar and
are therefore not been presented in the appendix). Even at the S0% level,
there is little evidence against the hypothesis that bilateral real

exchange rates follow unit root processes.

5.2 Results From Cointegration Tests
5.2.1. Park tests
Table 8 reports results for the Park test.

For each country pair, table 8 reports p-values of 2 Park test statistics
for the single good model (corresponding to two different choices for the

left-hand side variable in the cointegrating regression {3.3)) and hence
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there is a total of 30 test statistics for the single good modelA26 19 of
the 30 test statistics reject the null of cointegration at the 20% level
and 12 test statistics reject the null at the 10% level.

Concavity of the utility functiens of countries 1 and j implies that
[ai—l)X(wj—l)>O. With few exceptions, this inequality is satisfied by the
data.27

The test results threfore cast doubt on the single good model.28 They
support the findings of Neusser (1991), who argues that a consumption
measure consisting of the sum of private and government consumption fails
to be deterministically cointegrated for Austria, Canada, Germany, Japan,

Britain and the US.29

Table 8 also reports test results for the model with one country-specific
consumption good. A total of 45 test statistics is now reported (for each

country pair, three test statistics are computed). The cointegrating

26There are 15 country pairs in the sample.

27A ' (P)’ in the table indicates a statistically significant (at the 5%
level) violation of the condition (¢ -1)/(& -1)>0.

28A potential qualification of this suggested conclusion from Park’'s
test is the fact that the for many country pairs the choice of the
left-hand side variable in the the ceintegrating regression affects the
outcome of the test: there are 9 country pairs where one of the two test
statistics rejects the nuil of cointegration (at the 204 level), while the
the other test statistic falls to reject it. The dependence of the test
outcome on the choice of the left-hand side variable is somewhat worrisome
because asymptotically that choice does not affect the distribution of
Park’s test statistic (the asymptotic distribution is used to calculate the
p-values reported in table 8).

Neusser uses a cointegration test due to Johansen (1989).
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relations implied by the model with one country-specific consumption good
are rejected (at the 20% level} by 30 of the 45 test statistics (at the
10% level, there are 20 rejections).

The preference parameters recovered from the colntegrating regressions
frequently violate concavity. If we eliminate the cases where for at least
one of the countries included in a given country pair, we reject the
hypothesis that o=! at the 5% level, we are left with 12 cases where at the

10% level the Park test fails to reject the null of cointegration.

Finally, Table 8 reports test results for the maodel with two
country-specific consumption goods. For each country pair, five test
statistics are now computed (corresponding to five different cholces of the
left-hand side wvariable in (3.3)) which gives a total of 75 test
statistics. At the 20% level, the null-hypothesls of cointegration is
rejected for 40 of the 75 test statistics. At the 10% level there are 20
rejections. Statistically significant viclations of the conditions ¢i+pi<1,
Gi*ui>0, dj+uj<1, aj*pj>0 30 occur in approximately two-thirds of the 75

cases considered in table 8 for the model with two country-specific

consumption goods.

30¢+u<1 and o*u>0 are necessary and sufficient conditions under which

the utility function in the model with two country-specific goods 1s
concave and increasing in both goods.
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5.2.2. Phillips & Quliaris tests

Phillips & Ouliaris test results are in table 10.

The Phillips & Ouliaris method tests the null hypothesis that a set of
variables is not cointegrated. The test results reported in table 10 are
consistent with the hypothesis that the three colntegrating relations
derived in section 2 do not hold: at the 204 significance level,
approximately 80% of the test statistics reported in table 10 for the
cointegrating relations (2.5), (2.7) and (2.10 a) fail to reject the
hypothesis that the cointegrating relations stated at the end of section 1

do not hold.31

6. Summary of Empirical Results

Cointegration tests were used to test a model of the international economy
which assumes complete asset markets. A version of that model which assumes
a single consumption good and iso-elastic utility functions predicts that
log consumptions in different countries are cointegrated.

In a world in which each country consumes a country specific consumption
good, the log consumptions of different countries and their log bilateral
real exchange rates are predicted to be stochastically colintegrated.

Finally, a model was considered in which each country consumes two

31'I'he proportions of test statistics which yield rejections at the 20%
level differ somewhat for the three cointegrating relations. The

proportions of rejections by the Za statistic of the null hypothesis of no

cointegration are (at the 20% level): 0.20, 0.11 and 0.18 for the single
good model, the model with one country-specific good and the model with two

country-specific goods respectively. The correspending proportions of
rejections yilelded by the Zt statistic are 0.23, 0.13 and 0.28
respectively.

26



country-specific goeds. In such a setting, a model with complete asset
markets implies that (with isoelastic preferences) the consumption of the
two country-specific goods by different countries and their bilateral real
exchange rates are stochastically colintegrated.

Tests using methods developed by Park (1990) and Phillips & Ouliaris (1990}
cast strong doubt on these predictions.

The results of this paper suggest that the failure of the single good model
cannot be explained (at least not by a model with complete asset markets)
by the large variations in real exchange rates which occured during the
sample period.

While rejections of the implicatiens of the complete asset markets model
tested in this paper could be due to the fact that preferences or other
aspects of the model are misspecified, the rejections cast strong doubt on
the international HReal Business Cycle model, as the preference
specification and other features of the model tested in this paper are the
ones commonly used in RBC models.

The findings presented in this secticn suggest that models with limitations
on asset markets (see chapter III and Conze & Scheinkman(1991)) might be
needed to gain a better understanding of the international covariation of

consumption.

27



7. An Economy in Which Only Debt Contracts Can Be Used For
International Borrowing and Lending

Chapter IIT of this thesis considers an economy with incomplete asset
markets, in which only debt contracts can be used in international asset
markets. As will be shown below, such a structure implies (in general) that
consumption fails to be cointegrated in different countries.

Section 7.1. discusses testable implications for the model and it describes
the statistical methods which will be used to test these implications. 7.2

presents the empirical results. Conclusion for section 7 are in 7.3.

7.1. Testable Implications of the Debt Model
7.1.1. A World With a Single Good
A one good world is considered first. The asset market structure is assumed
to be the same as in chapter III and I initially assume a world with a
single good. In period t, the only type of transaction between different
countries consists in unconditional borrowing and lending at the real rate
re using one period bonds: if country i makes a loan of Ai units of the
consumption good in peried t, then that country gets back [1+rtJ*Ai units
in periocd t+l.
Hence i's budget constraint in period t 1is:

1+Ai=(1+r }'Ai

i
£ R -1’ A1V (7.1)

ci+I
where yi is i's (gross) output in period t, while Ii is its net investment
in physical capital between periods t and t+1l.
The following constraint is imposed in order to rule out Ponzi schemes:
—ZiAi for all t, (7.2)
where Z is a large positive number.

Optimal behavior of country k implies that the following Euler condition is
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satisfied:
K, X, k kK, K.._
EtB (1+rtJ{uC[ct+1}/uC{ct]}—1 . (7.3)

Hence expected intertemporal marginal rates of substitution are equated

between countries:
gl (ul(el, )/ul(el) =gt () Il ey for iay, (7.4)

For the iso-elastic utility functlon specified in (2.3), condition (7.4)
can be restated as:

i
1 -1
B *L {[ct+1 )

D7 Th=gler ((c] /cJ} 1y for i=). (7.4")

t+1

In order to facilitate empirical testing of this condition, 1 follow
OCbstfeld (1989) and assume that consumption growth rates are jointly
log-normally distributed and conditionally homoskedastic:32 under the

stated assumptions it follows from (7.4’ ) that

(e1-1)*E Aln(e; y=n® e (eI-1)7E Aln(e], ) (7.5)

t+1 17

L] is a constant.

where p
Hence we see that with log-normal and conditionally homoskedastic
consumption growth and isocelastic utility functions, the condition that
expected intertemporal rates of substitution are equated between countries

implies that conditional expectations of growth rates of coeonsumption

between periods t and t+1 are perfectly correlated.

32See also Hansen & Singleton (1983} for an example of the use of the

assumptions of log-normality in the analysis of consumers’ Euler equations.

SSpL'J depends on the rates of time preference of countries 1 and j
and on variances of consumption growth in these countries.
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Note that condition [(7.4) holds in any single good model in which there
exists a riskless asset which can freely be traded by the resldents of
different countries. Hence it also holds with complete asset markets.

The key difference between incomplete and complete asset markets is that in
the latter intertemporal marginal rates of substitution are equated ex post
as well (and not merely in expected value), which implies that with
igsoelastic preferences, ex post growth rates of consumption are perfectly
positively correlated between countries.34 In general, consumption growth
rates fail to be perfectly correlated between countries when asset markets

are incomplete:it follows from (7.5) that

R i - i,] J e J .

{d7-1) aln[ct+1) w Y+ {oc7-1) &ln[ct+1l+nt+1, (7.5")
= i'_ * ]‘ - j‘_ » j . k - l( " k

where nt+1*(0 1} €41 (' -1) €5 11 with €41 ﬂln(ct+1] Etﬂln(ct+1] for

k=1, j. Ty 1 is a linear combination of the forecast errors made in

forecasting consumption growth between periods t and t+1 and therefore LI
is a serially uncorrelated random variable with mean =zero.
Taking partial sums of (7.5") for periods t=1,2,...,7, we get
1 iye SRR P J_1qm J -
(c7-1) ln[cT) WL T+{e”-1) ln(cT]+HT . (7.577)

_t=T PR G i, (J_qys J :
where HT_zt=1nt and 9=(c -1) 1n[cD] (e—1) ln(co). In general, n, 1S
non-zero when asset markets are incomplete because nothing guarantees that

in the absence of cbmplete asset markets, unexpected consumptien growth

34To see why this is so, note that taking first differences of

(2.5) yields: (0'1-»1)‘aln[ct]ﬂn(si/ﬁj]+[0'“1—1]'Aln(ci).
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35
rates are perfectly correlated across countries which implies that HT
follows a random walk and hence that log consumptions in countries 1 and j

fail to be cointegrated.

7.1.2. A World With One Country-Specific Good

I next consider a model in which (as in section 2.2} each country consumes
one country specific consumption good which is distinct from the
consumption goods consumed by other countries. Assume that the residents of
different countries can invest in risk-free bonds which are denominated in
the country-specific goods of the different countries in the world. As in
section 2, let Ri'j denote the price of country i's good in terms of
country j’s good. Optimal behavior of countries 1 and j now implies that
the following Euler conditions are satisfied:
EtBk‘(l+r§)*{ut(ci+l]/uk[ct)}=1 for k=i,j and

(7.6}

h, K.osrok:h kb, . h h, h.,_ e sl
EtB (1+rt) {[Rt /Rt+1] uc(ct+l]/uc{ct]}—1 h,k:i,j; h=k,
where rt is the real one period interest rate in terms of country k's

good. [t follows from (7.6) that for countries 1 and j:

ig, 1,1 i, 1y pd LIl Jyedad JeoJ
EtB ‘{uc(ct+1]/uc[ct}}—EtB ‘{[Ht /Rt+1] uc[ct+1}/uc(ct)}.

Assuming iso-elastic preferences, this condition implies that

. i : J
iwgrnd 1,071 o SJeppled plsdyagld Jyoo-1
EtB {[ct+1/ct} }—EtB {[Rt /Rt+1] (ct+1Xct) .
35 .
Note however that there exist special (and rather unlikely)
circumstances where even with incomplete asset markets, unexpected

consumption growth can be perfectly correlated between countries. This is
for example the case 1if the outputs of all countries are perfectly
correlated.
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Assuming that rates of change of consumption and of real exchange rates are
log-normally distributed and conditionally homeskedastic yields an

expression of the following form:

(-1 alntel =it I amR] el 0 e alnte], ) (7.7)

1 t+1 "

The model with one country-specific consumption good therefore yields a
linear restriction involving the conditicnal expectations of the rates of

change of the consumptions of countries i and j and of their real exchange

rate.36

The restrictions on the rates of change of consumptions and real exchange

rates stated in (7.5) and (7.7) can compactly be expressed as:
* . = . =
TR Tt By ™0 (7.8)

where 7 1s an nxl vector of coefficients, while Xt+1 is an nxl vector

containing the log growth rates of the consumptions and real exchange rates
of countries i and j; for the model with a single consumption good, we have

), ﬁln(cj )’ and qE([wi—l). —(@J—l)]‘; for the model with

_ i
X ~[ﬂln(ct+ el

t+1 1
_ = 1 J
one country-specific consumptlion good, we have Xt+1-[ﬂln(ct+1], ﬂln(ct+1L

aln{Ri;f})’ and y=((et-1), -(aJ-1), -1)* ).

36Obstfeld (1989} derives (7.7} for a world in which rniominal risk-free
assets denominated in different national currencies are traded between the
residents of these countries.
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In what follows, Zt denotes a kxl1 (with k>n) vector of instruments which
are contained in the period t information set and which therefore are
orthogonal to the random variable nt+l:
Ll R
Etn Zt th X

* - F
+1 Zt'—o (7.8}

L+l t

This orthogonality condition implies a restriction on the coefficients in
linear regressions of the elements of the vector Xt+1 on Zt: consider the
regression equation

m

_.m_.m,
Xm =P +if *2t+wt+1

41 for m=1,..,n (7.9)
Xm . th h .
where is the m element of the vecter X and 4 1s a kxl1 vector of

coefficients, while v" is an intercept.

The n equations stated in (7.9) can be written compactly as:

= t.

Xt+1 v+¥ Zt+wt+l' (7.10)
.1 n,, _r1 n ., ; P n :

where v=(v ,...,v )", wt+1'(wt+l""wt+1] , while ¥=(y",..,¢ ") is a

matrix of dimension kxn.

The orthogonality condition (7.8 ) implies the following restriction on the

matrix ¥:
F*y=0Q . (7.11)

Hence the model of incomplete asset markets impllies that the matrix ¥ is

not of full rank:
rank{¥)<n. (7.12)

A major difficulty in testing the model with incomplete asset markets is to

find goed instruments for {future consumption growth. Our abillity to
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accurately forecast future realizations of a variable depends on how strong
the serial correlation of that variable is {at least when past realizations
are used to make the forecasts). Table 4 reports the first 10
autocorrelations for non-durables and services consumption growth in the
countries of the sample. While the serial correlation of consumption growth
rates is relatively strong in Japan, it 1is quite weak for the other
countries, which suggests that finding good instruments for consumption

growth in these other countries might be difficult.

7.2 Test Results
The following tests of the model with Incomplete asset markets are

considered:37

(1.) The single good model implies that expectations of future consumption
growth in two countries 1 and conditional on a given set of instruments

are perfectly correlated.

3?See Cumby & Huizinga (1991) for discussions of tests of condition
(7.11) for the special case where n=2 (i.e. where the vector X consists of
two elements). Alternatives to the tests considered in this paper can be
found in recent work by Obstfeld (198%) and Barrionuevo (1991}. Obsifeld
jointly estimates the following condition (which follows from (7.7)) for a
sample of countries which comprises the US, Japan and Germany, using three
stage least squares:
&ln(Rt;i]=-ﬁl’J+{61—1]‘aln[ct+l]«[GJ-l)*&ln(ci+1}+ﬁi;f, where ni;i is &
linear combination of the forecast errors made in forecasting the first
difference of log consumptions and bilateral real exchange rates for
countries i and j. Obstfeld argues that quarterly data for the period
1973:1-85:2 support (7.7).
Barrionueve (1991) uses a Generalized Method of Momenis framework to test
the Euler conditions (7.6), using consumption and interest rate data for a
sample of industrialized countries.
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For each country pair i,j., table 11 reports sample correlation coefficents
of fitted values of Aln[ci} and aln(ci) which are obtained by regressing
these variables on a constant and on lagged consumption growth rates in
countries i1 and j. The table also reports cross-country correlations of
actual consumption growth rates. For 11 eof the 15 country palrs, the
cross-country correlations of fitted consumption growth rates are larger
than those of actual consumption growth rates. It appears however that the
standard deviations of the cross-country correlations of fitted consumption
growth rates are large: for 13 country pairs one fails to reject the
hypothesis that the cross-country cerrelation of conditional expectations
of future consumption growth is zero. This most likely reflects the low
predictive power of the instruments used to predict future consumption

growth in table 11.38

(2.) When the set of instruments used to test the orthogonmality conditicn

consists of lagged values of Xt+1 {i.e. when 2t=(X;,X’ X 1') a

t-1""" t-h
method due to Velu, Reinsel & Wichern (1986) 32 can be used to test the

nuil-hypothesis that rank(¥)}=n-1 against the alternative that rank(W}=n.4O

38For each of the two regresslons which are c%psidered in table 11 for
a given country pair, the table shows adjusted R7s. The ad justed R™s are
quite low for many of the reported regresslions.
The standard deviations for cross-country correlations of fitted
consumption growth rates are calculated using the method presented in Cumby
& Huizinga (1991).

39See Neusser (1991) for an interesting application of this test.

40(7.2] requires that rank(¥)<n, not necessarily that rank{(¥)=n-1. Velu
et al. actually present n test statistics, which I will denote by
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Table 13 presents p-values for tests of the hypothesis that rank(¥)=n-i for
the the single good model and for the model with one country-specific
consumption good. These tests are conducted for h=0,1,2,3,4

, where h is

the maximal lag of Xt used in the set of instruments.

For each model, table 13 therefore reports p-values for 75 Velu et al.
test statistics.41 The results cast doubt on the single good model: at the
10% level, the hypothesis rank(¥)=n-1 is rejected by 39 of the 75 Velu et
al. test statistics; at the 20% level there are 54 rejectlons.

Note that if rank(¥)=n-1, then--in the single good model--there exists a
unigue value {61—1]/(¢j—1) which satisfles the condition that ¥*y=0, where
7E(¢i—l,aj—l}. Velu et al. describe a method for obtaining a regression
estimate & of ¥ which satisfies the restriction that rank(%)=n—1. Using
@‘7=0 then allows to obtain an estimate of [01—1)/(¢j—l). Table 12
repcrts estimates of [ai—ll/{wj-ll which were obtained in this way. For the
different values of the lag parameter ’'h’ considered in the table, the
condition (ai—l)X[oj~l]>0 is typically rejected for more than two-thirds of
the country pairs. It should however be noted that in most cases, the

quantity (al-lJ/(wj-l) is not estimated precisely; this mest likely

Y where v. tests the hypothesis that rank(¥)=i against the

Vo, R

a?terna?iie that ranﬁ[¢)=n. For each country pair and value of h, I
calculated these n test statistics. It appears that whenever v for j<n-1
rejects the hypothesis (at the 10% or the 20% level) that ranki{¥)=j, then
the statistic v __, rejects the hypothesis rank(¥)=n-1.

1Five vajues of 'h’ are considered for 15 country pairs.
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reflects the poor predictive power of lagged consumption growth for future
consumption growth. In most of the «cases where the estimate of
(01—1}/(¢J—1) is negative, we fail to reject {at conventicnal significance

levels) the hypothesis that this quantity is positive.

Table 13 reports Velu et al. tests for the model with one country-specific
good. The test results seem more favorable for the model than the test
results obtained for the single geood model: at the 104 level, the
hypothesis rank(¥)=n-1 is rejected by 28 of the 75 Velu et al. test
statistics; at the 20% level there are 34 rejections. It seems noteworthy,
that most of the rejections (at the 104 level) of the model with one
country-specific consumption gocod are accounted for by 5 country pairs:
UsS-France, US-Italy, Japan-Italy, France-Italy and France-Canada. For the
remaining country pairs there are only very few rejections of the
restriction rank{¥)=n-1. It seems interesting that for the country pair
US-Japan (the country pair which experienced the largest change in
bilateral real exchange rates during the sample period), the condition
rank(¥)=n-1 is rejected for the single good model, but not for the model

with one country-specific consumptlon good.

Using an estimate & of the matrix ¥ which satisfies the restriction that
rank(¥)=n-1 allows tec obtalin estimates of the prefereence parameters Ui and
wj for a given country pair. For all country pairs in the sample, table 13
reports estimates of preference parameters which obtain for h=4. Most of

the estimated preference parameters are consistent with concave

utility functions.
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(3.} Tests of the single good model were also conducted wusing the
Generalized Method of Moments,42 exploiting the orthogonality condition

Ey' *X 'Zt=0 (see (7.8'1). Table 14 presents results of these tests.

t+1
For a given country pair 1i,], the set of instruments used for the test
consists of lagged growth rates of non-durables and services consumption
and of lagged real interest rates in countries i and ] (all instruments
are lagged two and three periods].

Hansen’'s (1982) J-statistic shows that there is no country pair where the

orthogonality condition (7.8’) is rejected at the 10% significance 1evel.43

7.3 Summary

This section has considered a model with incomplete asset markets in which
only risk-free real debt contracts can be used for international borrowing
and lending. In a setting with a single consumption good, this structure of
asset markets implies (with iso-elastic preferences and log-normally
distributed consumption growth rates) that conditional expectations of
future growth rates of consumption are perfectly correlated across
countries.

A setting is also considered in which each cﬁuntry consumes one

country-specific consumption good. For this seeting, the structure of

42See Hansen (1982) and Cumby, Huizinga & Obstfeld (1983).

431 experimented with other sets of instruments (including lagged rates

of change of GNP and of real exchange rates). GMM failed to reject the
single good model for these alternative sets of instruments.
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incomplete asset markets implies a linear restriction on conditional
expectations of future rates of change of consumption and real exchange
rates.

GMM based tests of the single good model with incomplete asset markets fail
to reject that model. Tests based on the Velu et a. (1986) method however
suggest that the single good medel is rejected,

Velu et al. tests of the model with one country-specific good show that it
is strongly rejected for five of the 15 country pairs in the sample. There

is hardly any evidence against the model for the remaining country pairs.
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CHAPTER III

WORLD BUSINESS CYCLES AND INCOMPLETE INTERNATIONAL ASSET MARKETS

1. Introduction

Standard neoclassical models of international economic fluctuations predict
that private consuption is strongly correlated across countries (Scheinkman
(1984), Backus, Kehoe & Kydland (1989), Crucini (1989), Baxter & Crucini
(1989)). This prediction is incompatible with the low Cross
country-correlations of consumption which are observed empirically. While
existing international theories assume complete international asset
markets, this paper develops a model with incomplete international asset
markets and it shows that in such a model the cross—éountry correlation of
consumption can be markedly smaller than in models with complete asset
markets.

The main reason why previous international models have assumed complete
asset markets is presumably tractability: with complete asset markets,
competitive equilibria are Pareto optimal and hence they can be determined
by solving a social planning problem. Simple numerical methods for solving
such a problem are available (c.f.. Rebelo (1989 a,b); King, Plosser &
Rebelo (1988); Backus, Kehoe & Kydland (1989)). With incomplete asset
markets, the equivalence between competitive equilibra and Pareto optima
breaks down. I present a method for solving a stochastic dynamic general

equilibrium model with incomplete asset markets which is (almost) as simple
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as the methods used by previous researchers to solve models with complete
asset markets.

The paper also argues that a model with additive technology shocks which do
not affect marginal factor productivities is better able to explain the
observed positive correlations of investment and output across countries
than standard models in which multiplicative shocks to total (and marginal)
factor productivities are the source of fluctuations.1 The equalization
of the expected marginal products of capital in different countries which
takes place in an integrated world capital market implies that when labor
supply elasticities are low, then in the absence of shocks to the marginal
product of capital schedule, capital and output are positively correlated
across countries. A positive additive shock to the technology of one of the
countries induces increases in the capital stocks of all countries in the
world (provided the shock leads to a fall in the world interest rate). In
contrast, a persistent positive multiplicative shock to the technology of
one of the countries increases the marginal product of capital in that
country; hence it induces an increase in investment and output in that
country and - unless there are strong technological ’'spill-overs’ between
the two countries - it leads to a fall in the other country’s investment
and output; unless multiplicative technology shocks are strongly correlated
across countries, investment tends to be negatively correlated across
countries.

In comparison, even additive technology shocks which are not correlated

1Specifically, I consider production functions of the type y=6*f (K)-g,
where 8 and g are random variables representing multiplicative and additive
technology shocks respectively, while K denotes physical capital.
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across countries lead to positive cross-country correlations of investment
(and output), provided that labor supply elasticities are low.

One possible interpretation of the additive technology shocks 1s as
government consumption which is financed through lump-sum taxes. My
solution method for the model with incomplete asset markets consists in
approximating the agents' optimal decision rules by linear functions. Using
these Llinear decision rules and imposing market clearing allows one to
solve for an ’approximate’ equilibrium.

Section 2 presents the two country model with incomplete asset markets and
discusses the method used to numerically solve this model. Section 3
compares the behavior of the model to the behavior which would obtain in
the presence of complete asset markets. Stylized facts about international
business cycles are described Iin section 4. I use simulations to explore
the properties of the model; simulation results are presented in section 3.

Section 6 summarizes the findings cbtained in this chapter.

2. The Model
2.1 Preferences and Technologies

1 consider a world consisting of two countries (i=1,2); each country
is inhabited by one consumer (the model can easily be extended to allow for
different population sizes in the two countries). There exists a unique
good in this world, which is produced and consumed by both countries. This
good can also be used as an investment good.

Country i’s intertemporal preferences are represented by

i_ i, 1.1 i 1,1 1.,
Vt—u (ct,Lt,rt)+B(ct,Lt,rtJ Et{V

i

el (1)
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here Vi is i’s expected lifetime utility in period t; Ct is i’s consumption

at date t, Lt denotes the number of hours worked by country 1 and ri is a
random variable which represents an exogenous taste shock. Et denotes

expectations conditional on all informations available 1in period i

Lyt Ti]El/(1+b(c1

O<B(ct £ N

i i i i1 . .
,Lt,rt))<1 , where b(ct,Lt,rt) is the agent’s

subjective rate of time preference between pericds t and t+1;

1 assume that the subjective rate of time preference between periods t and

t+1 is a function of ci, Lt and rt.z This assumption allows to guarantee

the existence of a steady state which is unique (at least locally) as well
as the existence of an equilibrium which involves stationary fluctuations
around that steady state. This makes it possible to apply standard
techniques used in business cycle analysis to solve for this equilibrium

and to explore its properties using simulations.

Note that in the special case (which is usually considered in closed

economy macro-economics) where B 1s constant, (1) gives the ' standard’

= Ty

. ‘1 . e T
intertemporal utility function Vt_EtZt=OB Uy

2'I‘he jdea that the rate of time preference depends on consumption has

a long history (for an early discussion, see Fisher (1930); Obstfeld (1989)
gives a recent discussion). Examples of its use in the international
economics literature are Calvo & Findlay (1978}, Obstfeld (1981 a,b),
Mendoza (1989 a,b). Other examples can be found in Beals & Koopmans (1969),
Lucas & Stokey (1984), Epstein (1987).
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The period utility function u is increasing in consumption and decreasing
in labor and it is strictly concave in both arguments; the function B is
assumed to have properties which guarantee that Vt is 1increasing and

concave in current and future consumption.

Country i has a technology which is described by:

i

i i, i1 i
Vi etf (Kt,Lt)-gt, (2)

fi{) is a function with the usual neoclassical properties. Ki is country
i's capital stock in peried t, while ei and gi are stochastic shocks which
are assumed to be stationary (the model abstracts from growth). In standard
business cycle theories, multiplicative technology shocks (Bi) are the only
source of economic fluctuations. Note that while Bi affects the marginal
product of capital (Bi*fi’(Ki)), the additive shock gi does not. This is why
- as simulations of the model show - the multiplicative shock has a much
stronger impact on investment than the additive shock. gi can either be
interpreted as a technology shock or as government consumption which is

financed by a lump-sum tax. In that case, the output of country 'i’ 1is
given by

qp=6,f (K.Ly) (3)
and yi (ag defined in (2)) is the output of country i which is available to
the private sector. Note that the Lt variable which appears in the
production function and in the utility function (1) is the same: all labor
supplied by country i has to be used for production in that same country

(i.e. labor cannot move internationally).
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The law of motion of the capital stock in country 'i" 1is:

RO S B
Kt+1—(1 d) Kt+It ; (4)
here d is a fixed rate of depreciation, while It ig gross investment made
in period t. Hence country i's capital stock in period t+1 is

‘predetermined’ in t: country 1 decides in t what its capital stock in the

following period will be.

2.2 Unconditional Borrowing and Lending
in period t, country i can make (or receive) one period loans at the real

rate ry: if i’ makes a loan of At units of the good in period t, it gets

back (1+rt)*Ai units in period t+1 (the model can be extended to allow for

loans of different maturities). At>0 means that the country is a lender and
i

At<0 means that it is a borrower in period t.
Country i's period t budget constraint is:

i
t

i1
ct+Kt+1+A

i

1.4 S PO | oyl
MRS yLi)-g+{1-d) Ki+(ler, )%AL - (5 a)

In order to rule out Ponzi schemes, the followling ceonstraint is imposed:3

-z = At for all t . (5 b)

Z is a large positive number.

The real rate ry is set In period t and hence it can depend on informations

available in period t, but not on informations which become available in

3See Sargent (1987), p.364, for an example of the use of this constraint.
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t+1. Hence there are no insurance markets in the present model.4

The decision problem of a resident of country i 1s to maximize the
lifetime utility defined in (1) subject to the constraints that (S a) and

(5 b) hold in all periods.

The equilibria on which I focus involve small fluctuations of all variables
of the model around a steady state. In these equilibria, the constraint (5
b) never binds and therefore the solution to the decision problem of a
resident of country i satisfies the following familiar Euler equations:5

i i i

i l * i = gi; » =
ul,t+31,t Etvt+1 (1+rt) Bt Et{ul,t+1+51,t+1 Et+1vt+2} for i=1,2 . (6}

. . . : . . . . . (7)
i i i i i i P | i i o
ul,t+Bl,tEtVt+1_BtEt{[9t+1f1,t+1+(1 d)] [ul,t+1+B1,t+1Et+1vt+2]} for i=1,2.

ut and £+ denote the derivatives of ul[cl,Ll,rl) and fl(Kl.Ll) with
s, t s (AR VR 't

,t

4Risk—averse agents whose incomes fluctuate in an unpredictable way
due to exogenous factors, have an incentive to issue or purchase assets
which provide them with insurance against these fluctuations. The absence
of such insurance can be justified by assuming that the income of a given
country (or the exogenous factors which lead to fluctuations in that
income) cannot be observed by agents in the other country (or only at a
prohibitive cost).

5To motivate (6), note that country i behaves optimally, its expected
lifetime utility does not change if it reduces its consumption in periced t
by an infinitesimal amount £ in order to buy a bond which has a return Ty

in period t+1 and if it uses the proceeds from this investment to increase
his consumption at date t+1 by (1+rt)’c. A simlilar reasoning shows that

when the agent behaves optimally, his expected lifetime utility does not
change if he reduces his consumption in peried t by an infinitesimal amount
¢ in order to increase his capltal stock in t+1 by € and if he consumes the
proceeds from this additional investment {so that the capital stock in t+2
and in subsequent periods is unchanged). This explains (7).
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th
respect to the s argument of these functions.

In addition we have that in every period (and for all realizations of the
exogenous shocks) country 1 equates its marginal rate of substitution

between labor and consumption to the marginal product of labor and

therefore:
i i . i 1.1 wq 1 i . i -
{uy (+B, ("EVyaq)tley™ey (J7uy (#B (FEVi, 00 (8)
Given exogenous processes {Bi,ei,gt,g%,ti,T%},6 an equilibrium with

incomplete asset markets 1is a set of stochastic processes for the
. 1 2.1,2 1 1,2 .
endogenous variables of the model {Ct'ct’Lt'Lt’ b t,At,rt} which

satisfy (1}, (5 a), (6), (7) and (8) as well as the condition that the

1.2 2
Vt’vt'K Kt,A

loan market clears:7

AL+A

—
ot N

=0 for all t . (9)

A steady state with incomplete asset markets is an equilibrium with

incomplete asset markets In which all exogenous and endogencus variables
. 1.2 1 2 1 _2

are constant. Given constant values (@ ,87,g ,g ,t ,T ) for the exogenous

shocks, a steady state is thus a solution of (1), (5 a), (6}, (7), (8} and

(9) in which the endogenous variables of the model are constant.

6And assuming that (5 b) never binds.

7By Walras' law, market clearing in the loan market implies that the
goods market clears as well.
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Given constant wvalues (el,ez,gl,gz,rl,Tz) for the exogenous shocks, a

steady state with incomplete asset markets can thus be described by a

2 2

vector (cl,c ,Ll,L ,Vl.Vz,Kl,KZ,Al,AZ,r) which satisfles the following

equations:
vi= ut/(1-gh) for i=1,2; (10 a)
clogterlogrgl-gler*a’ for i=1,2; (10 b)
(1+r)*g =1 for 1=1,2; (10 c)

SR TR DN TR SURPAE U SO S i o

(u2+82 Vi)+[e f2] (u1+61 V©)=0 for i=1,2; (10 d)
r+d=91*fi for i=1,2; (10 e)
Al+aZ=0 . (10 )

Hence a steady state is the solution to a system of 11 equations in 11
unknowns. Note that if B is constant there doces not exist a unique steady

state because then the two equations in (10 c) reduce to (1+r)*p=1

While working on this paper, I learned about recent work by Conze &
Scheinkman (1990) and Stockman & Tesar (1990) which gets results which
(with respect to explaining low cross-country correlations of consumption)
are similar to those which I present. Conze & Scheinkman {1990) too
consider a model with incomplete international asset markets. In their
paper,8 the only way 1in which agents can protect themselves against
fluctuations in their labor productivity is by holding a durable asset
(*money’ ). Agents must hold a positive amount of this asset, i.e. there 1is
no borrowing at all in Conze & Scheinkman {1990).

An important difference between their work and my paper is that my
solution method makes it possible to consider a model which 1is less

stylized than their’s; for example, my model allows for physical capital,

8As in Scheinkman & Weiss (1986}.
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several types of exogencus shocks etc.

Stockman & Tesar (1990) present a model with complete international asset
markets in which non-traded consumption goods and country-specific taste
shocks break the close cross-country correlation of consumption.9

As a first pass, and in order to focus on the effects of limitations on
asset markets, the present paper simply abstracts from non-traded

consumption goods.

2.3. The Solution Method
An approximate solution to the model can be obtained by deriving a linear
approximation to the equations listed in the definition of the equilibrium
and by solving the resulting system of expectational difference equations.
For the case where the exogenous shocks have small variances, and where
there would exist a locally unique steady state for constant values of the
exogenous variables equal to the unconditional ﬁeans of the random shocks
91, 9%, gt, g%, rt and T% Woodford (1986) 10 provides a rigorous
justification for conducting the linear approximation around this steady
state.
Hence I assume that when the exogenous shocks are equal to thelr
unconditional means, a (locally) unique steady state exists ; 1 expand the
equations listed in the above definition of an equilibrium in Taylor

series around this steady state and I keep the linear terms of these

expansions.

9Their empirical analysis shows that allowing for non-traded goods in
a model with complete asset markets is not sufficient to reduce the
cross-country correlation of consumption to the correlations which are
observed empirically; this is why Stockman & Tesar resort to country
specific taste shocks.

10See also the discussion in Rotemberg & Woodford {1989).
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In what follows Axt denotes the percentage deviation of a variable Xy from

its steady state.11

Given exogenous forcing processes for {Ast,AB%,Agi,Ag%,Art,At%}, an

approximate equilibrium with incomplete asset markets 1is a set of
stochastic processes for the endogenous variables {Ac1 Acz ALt,ALi,

A
Sl .52 ~1 »2 .51 . ~ . ) . . .
AVt,AVt, AKt,AKt,AAt,AAt,Art} which satisfy the linearized versions of the

equations listed in the definition of an equilibrium.
In what follows, I focus on 'approximate equilibria’.
Keeping the linear terms of the Taylor expansion of the equations listed In

the definition of an equilibrium, we obtain {after a few substitutions) a

system of equations which can be written as:

_-t ® *
Ephy g =Gg ™Dy *G "2 20 E 2y - (11)
vhere h =(ar. .. AR AKZ aal,avl,all,act,av?,aL?,ac, )’ and

fSUAr, KL AKEL AR AV AL LBy Y 8L A%
2 =86} 802, agt Ag%,Att,AT2). G, is a 10x10 matrix, while G, and G, are
(100,86, Mg, ARy, BTy AT ) By ' 1 2

10x6 matrices.
The first four elements of the vector ht are ’'predetermined’ at date t
(i.e. they are known at t-1), while the remaining elements are

’non-predetermined’. As shown by Blanchard & Kahn {1980), a necessary and

11With the following exception(s): in order to allow for cases where

steady state asset heoldings are zero and where gi=0, AAt and Agi are
defined by dividing the differences between A; and gi and their respective

steady states by yl.
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sufficient condition for a model like (11} to have a unique statlonary
solution is that the number of eigenvalues of the matrix GO outside the
unit circle equals the number of non-predetermined variables,

For a simple version of the model where labor supplies are fixed, 9B/3c<0
can be shown to be a necessary condition for guaranteeing the existence of

a unique stationary solution.12

The approximation method used here is equivalent to a method which consists
in substituting agent i’s budget constraint (Sa) into his lifetime utility
function (1) and expanding the resulting function in a second order Taylor

expansion in all its arguments (for all dates and states) around their
respective steady state values; maximizing the quadratic function which
this expansion yields, gives a set of first-order conditions which 1is
equivalent to (6)-(8}.
Christiano (1990) shows that for a one sector neoclassical growth model
this linear-quadratic approximation methoed performs strikingly well.13
Linearizing (6) and (7}, we get that
Art=fi*EtA8i+l+Bi'fi,I*Mi+1+ei*fi’2*EtALi+1 . (12)
This equation says that each country equates the expected marginal product

of its capital stock to the risk-free interest rate. When labor supplies

are variable or when the model is subjected to multiplicative stochastic

121n the simulations described below, I assume that

8(c,L,t)=B(ulc,L,7)). Numerical ’experiments’ with many different parameter
values suggest that unless 88/8u<0 holds, the Blanchard & Kahn condition
for the existence of a unique stationary solution 1s not likely to be
satisfied.

13See Taylor & Uhlig (1990) for an overview over different methods for
solving the neoclassical growth model.
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technology shocks, the marginal product of capital is random; hence (12)
shows that the risk premium associated with this randomness 1is neglected
when the linearization method is used. Note however that by making the
variance of the exogenous shocks sufficiently small, the risk premium can

be made arbitrarily small.14

The solution of (11) can easily be determined using Blanchard & Kahn

{1980). It has the property that - as AAi_l is a predetermined variable at

date t - the decisions which the two countries make in equilibrium depend
on AAi_l (i1.e. on the distribution of financial assets between the two

countries). That country i’s date t consumption and labor supply choices
i

depend on AAt_l

is not surprising, as these choices clearly depend on 1i’s
wealth. As the marginal product of capital depends on the labor input,
this implies that physical investment decisions in the two countries are
also affected by the distribution of financial wealth between the two
countries.

An important special case in which (in the approximate equilibrium) the

distribution of financial wealth does not affect the behavior of world-wide

aggregates of consumption, labor supplies and the world capital stock

14

To see this , let Pt denote the marginal rate of substitution
between consumption at dates t and t+1 ; from (6) and (7) we get that
s A, | - _ h R i i
E Oy, " (K )=(ryrd)mcov(ey  *7 (Ky ) domy 1 /EL™ ey
Using the Cauchy-Schwartz inequality, we get
. 1 wpr gl _ . G A | » i 0.5 i
'Et9t+l f (Kt+1) (rt+d).£{Var(Bt+1 f (Kt+1)) Var(mt,t+1)} /Etmt,t+1'

By making the variances of the exogenous shocks sufficiently small, we can
make the variances on the right-hand side of this inequality arbitrarily
small.
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occurs in the symmetric case when the two countries have identical
preferences and technologies 15: when this condition is satisfied, the
coefficients of the linearized versions of the equilibrium conditions (13},
(5a), {(6), (7) and (8) are the same for 1=1,2. Summing each cof these
linearized equations over i=1,2 gives a system of equations in the world
capital stock, world consumption and world labor supply (the net asset
positions of the two countries cancel out when the sum over i=1,2 is
taken). This system uniquely determines the world-wide agregates of these

variables.

3. Comparison of International Business Cycles With Complete
and With Incomplete International Asset Markets

In the presence of complete asset markets, agents can at each date t trade
in claims to units of consumption at date t+s, conditional on each possible
‘history’ of the realizations of the exogenous shocks between dates t and
t+s. Let xtE(et,B%,gt,g%,ri,r%) and let XtE{..-,xt_z, Xi g0 xt} denote the
history of the shocks which have affected the two countries up until date
t. In what follows, qt(XS) with szt denotes the price at date t (in terms
of output at t) of a claim to one unit of output to be delivered at date s
if the history X® occurs and wi(Xs) is the number of such claims which

country i holds at the end of period t. Given Xt, the date t budget of

country i’ is thus:

1SWhat is needed is identical u, B and f functions for the twe
countries and ldentical steady state values of the exogenous shocks
affecting the two countries (and hence identical steady state values of the
decision variables of the two countries).
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il S, 1,.8, ,,5_ 1 1,,& 1, 1 1 t
chad o7 fa O ey e (KL g ey (KD

t-1
L.

s, 1 s s
N CAC St Sty (13)

The decision problem of country 1" 1is te maximize its expected life-time
utility subject to the restriction that this budget constraint holds in all

dates and for all possible histeries.

In the presence of complete date and state contingent asset markets, we can
characterize equilibria by using the equivalence between competitive
equilibria and Pareto optima. Pareto optima can be found by maximizing a
weighted sum of the expected lifetime utility levels of the residents of
countries 1 and 2; therefore we can characterize equilibria by imagining

that in some 'initial’ time period t=0, the following problem is solved:

1 2 16
j =7 * - | ]
Maximize UO—R V0+[1 Al VO (14)

subject to the constraint that the world resource constraint holds in
all pericds tz0:

1 2.1 .2 1,1
o+ K K= T (KL

1, 2.,,2 2. 1 2 o ael i1 qysx?
t]+8tf[Kt,Lt) 8y gt+(1 d) Kt+[1 d)*K{ . {15}

Differentiating the objective function of the social planner with
respect to the consumptions of the two countries gives the

following condition:

1.1 S U ) 2
+Bl,t‘EtVt+1}_(1 Al {ul,t+B E .V, .} {16)

[ 3%
B A*{u 1,67t g+l "

t-1 1,t

lsh and (1-A) are 'welfare’ weight attached to the residents of the two

countries. These weights reflect the wealth of the two countries ( see
Backus, Kehoe & Kydland (1989) and Rebelo (1988 a,b)).
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1 1 2

1.1
= *
where B, _ =B, B (Ct-l’Lt—l’Tt~1]/B ). {(17)

2
{ct-l

Hence we see that with complete asset markets, welghted marginal utilities
of consumption of the two countries are equated in period t, where the

weights attached to the marginal utilities reflect the ‘welfare weights’
{A, 1-a) in the above social planning problem, as well as the consumptions

of the countries before date t.

Note that in the standard case where B is constant (16) becomes:
w1 2

e T Al IS
separable in consumption and its other arguments, then p‘ui t=u? L implies

where p is a constant. If the utility function u is

that (locally) consumption 1s perfectly correlated across countries.

(16) and (17) imply that with complete markets, the marginal rates of
substitution eof the two ccountries between consumption at dates t and t+1
are equated, and that for all possible realizations of the exogenous shocks
in the two pericds. In contrast to this, with incomplete markets, marginal
rates of substitution between t and t+1 are in general not equated across

the two countries, although they are in expected value: (6) implies

:1‘ 1 1 - 1 1 1 * 1 =
that 1/(1+r J=8, fEt{Ul_t+1+51,t+1 Et+1vt+2}]/[ul,t+81,t Etvt+1]_

82 E V2 ]»]z’[u2 +2 *E VZ ]

2' £ ]
Byt lE {u 1,t+1 Etel'te2 1.7 ¢ Bt

2
1, t+17

Equation (7) and (8) are clearly valid first-order condition fer the
Pareto problem.

Given a welfare weight A and exogenous shock processes {eé,ei,gi,g%,ri,ri}

an equilibrium with complete asset markets is a set of stochastic processes

2 2 .1

for the endogencus varlables {ci.ct,Lt,L%,Vt,Vt,Kt'K%} which satisfy (1),
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{7), 8y, (153, {1&) and (17}.

One can easily show that the model with complete asset markets has the same
steady state consumptions, labor supplies and capital stocks {and hence the
same steady state interest rate) as the model with incomplete asset
markets. Linearizing the equations listed in the definition of an
equilibrium with complete asset markets around a steady state gives (after

several substitutions) a system of equations of the form:

= * = *

Etet+1 HO et+H1 zt+H2 Etzt+1 , {18}
..o ~1 22 ~1 -1 .71 .5 ~2 2.,

where et=(&Bt_1,ﬁKt,&Kt,AVt,ALt,ﬁct,AVt,ALt,&ct] and

e 2 h1 220 1 N2, : . :
zt=(A9t,&Bt,ﬁgt,&gt,AIt,ﬁTt} . HO is a 9x9 matrix, while G1 and G2 are 9xé

matrices.

Linearizing (7), (16) and (17) shows that in an approximate equilibrium
with complete asset markets, the expected marginal products of capital are

equated across countries (as 1s the case with incomplete markets, see

(12)):
SR UE UUR S SRS U S SR
£E A0, 48 T "MK, 07 T ALy S
e 2 202 ere?  oZeg2 g pr2
fl Etaet+1+9 fll axt+1+e f12 EtALt+1. (19}

As the structure of asset markets affects the behavior of consumption and
labor, the {in)-completeness of asset markets affects (in general) the
behavior of capital in the twe countries (because the marginal product of

capital depends on labor).
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It can however be shown that with identical preferences and technologies
the (in)completeness of asset markets does not affect the behavier of
worldwide aggregates of consumption, labor supply and capital in the
approximate equilibrium. With fixed labor supplies, the condition that
expected marginal products of capital are equated across countries implies
that the capital stock in a given country can be expressed as a function of
the world capital stock (and of expected future multiplicative technology
shocks). Hence we get the result that with identical preferences and
technologies and with fixed labor supplies, the approximate equilibrium has
the property that the behavior of capital {and hence of output) in each of
the two countries 1s the same with complete and with incomplete asset

markets.

4, Stylized Facts
! evaluate the model with incomplete asset markets by comparing its
predictions to the key stylized facts which characterize business cycles in

industrialized countries {the following 'stylized facts’ describe

properties of detrended data).17

As documented in tables 15-17 for quarterly data, output, private
consumption and investment are positively correlated across countries;
consumption seems to be less correlated across countries than output. The
averages of the cross-country correlations of quarterly growth rates of
total private consumption, GNF and fixed investment in a sample countries
consisting of the US, Japan, France, Britain, Italy and Canada during the
period 1971:2-88:1 are 0.22, 0.26 and 0.24 respectively. When log

lF'I'Sers: e.g. Backus & Kehoe (1989 a,b); Backus, Kehoe & Kydland (1989);
Stockman & Tesar (1990) for statistical descriptions of salient features of
international business cycles.
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consumptions, log GNP and log investment are detrended using a linear time
trend, the corresponding average cross-country correlations are 0.29, 0.40

and 0.42 respectively.

Within a given country the correlation of consumption and hours worked 1is
low. Table 18 reports correlations between detrended consumption and hours
for the US, Japan, France, Britain, Italy and Canada. The average of the

within-country correlations of consumption and hours is 0.21.

Additional stylized facts which are of interest in evaluating the model

developed in this paper are:

Within a glven country, investment and consumption are procyclical; net
exports are countercyclical; consumption tends to be less volatile than
output, while investment is more volatile than output. For the US economy
Backus, Kehoe & Kydland (1989) report that the percentage standard
deviations of Hedrick-Prescott (1980) detrended quarterly output,
consumption (non-durables and services) and fixed investment are 1.74,

0.86 and 5.51 respectively {(in %4J.

The discussion in the next section centers mostly on the behavier of
consumption, as the effect of the incompleteness of asset markets is
strongest for that variable, and on the cerrelations of investment of
output across countries, because the international correlation of
investment and output differs significantly according to whether

multiplicative or additive shocks are the source of fluctuations.
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S. Simulations of the Model
5.1. The Parameters of the Mode!l
1 use simulations in order to investigate the properties of the model.
These simulations focus on the symmetric case where the two countries have
the same utility and productions functions, where the steady state values
of the shocks which affect these countries are the same and where the
steady state values of the net asset positions of the two countries are

Zero.

S.1.1. Preference and Technologies

The production function f(K,L) is assumed to be Cobb-Douglas:
pkt Lh=hM W T with osp=1 (20)

Concerning the utility function u, a standard Real Business Cycle

gspecification is adopted:18

—w(L])l—¢

ulc,L)=(1/(1-¢))*{c*e where o>0Q, o#i {21)

and ¢ is an increasing function. One easily verifies that the concavity of
u in ¢ and L requires that v2+(¢—1]‘v1>0 and o‘vz+(a—1)*vl>0, where
vlzw’(L]‘L and vzaw"‘L/w'. Note that the steady state condition (10 d)
implies (for the production function specified in (21)) that

v1=[1“n]/(c/y]; where c/y = 1 - (g/y) - d*/y = 1 - ¥ - d*(a/r+d).

1SSee King, Plosser & Rebelo (1990); Rotemberg & Woodford (1989).
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v, can be interpreted as a labor supply parameter:19 holding constant

country i’'s marginal instantanecus utility of consumpticn in period t

(uc[ct_L ,T.)) and holding fixed Etvt+

Ty the elasticity of country i's

1
labor supply With respect to its real wage rate (its marginal product of

labor) is elsswﬁ(w‘u2+(a-l]‘v1).

Holding constant the life-time utilities and the labor supplies of a
country in periods t and t+1, (i/c) is its intertemporal elasticity of
substitution between consumption in t and t+l. o also affects the way in
which consumption and hours worked interact in the instantaneous utility

function u: the elasticity of u, with respect to hours worked is -(l—a)’vl.

1
By assumption v, is positive. Hence consumption and hours are substitutes
in the instantaneous utility functien u(ec,L,t) if o<1 and they are
complements when e>1. In the simulationz, I focus on cases where

consumption and hours are complements.

The function B{c,L,t) is assumed to be of the form

8(c.L,t)=8(ulc,L,7)) with 8°8/8u°=0. (22)

The elements of the matrices GO’ Gl’ G2 and HO, H1 and H2 which determine
the equilibrium behavior of the endogenous variables (see (11), (18)) can
be expressed as functlions of: r (the steady state interest rate), d (the

depreciation rate of physical capital), m (the elasticity of output with

respect to capital), the ratio y=g/y (this share too is assumed to be the

195ee the discussion in Rotemberg & Woodford (1989).
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same for beth countries), o, eB uE{SB/au]‘(u/B) and v2Ew"'L/w’

To simulate the model, one thus has to choose values fer r, d, un, ¢, €

B,u

and vy in addition a stochastic process of the exogenous shocks has to be

specified.

n (the elasticity of output with respect to capital) is set equal to 0.35.
In all simulations, (88/8u)*(uw/B)=-0.10 1is assumed. The baseline choice
for o is: o=2 (Backus et al. {1989) use ¢=1.35 as their baseline value).
The remaining preference and technology parameters are chosen with the aim
of comparing the predictions of the model to quarterly data; this motivates
the following baseline choices for the steady state interest rate and the

depreciation rate of capital: r=0.01 and d=0.025.

5. 1.2. The Stochastic Processes Followed by the Exogenous Shocks

In the simulations, I abstract from taste shocks and I study the effects
of one type of shock at a time, i.e. the model is either subjected to
multiplicative or to additive shocks. These shocks are assumed to feollow

bivariate AR(1) processes:

22=RH09‘22_1+52, and
g g g (233
== ®
zy RHOg zt—1+€t
where ze={A91 &92)‘ and zg=(Ag1 &gz)’ while RHO_. and RHO_ are 2x2
£ £ %t £ v 8 8 g
8 g

matrices, while £, and ¢ are vectors of white noises with covariance

t

o+ @

matrices VARGEEQEC ' and VARSEEcgsg' respectively.

Lt
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The effect of the incompleteness of asset markets on the cress-country
correlation of consumption is likely to be affected by how strongly these
shocks are correlated between countries: In the extreme case where the
shocks affecting different countries are perfectly correlated, there is no
scope for risk-sharing between these countries and hence it does not matter
whether asset markets are complete or incomplete.

Hence it is important to estimate empirically how strong the correlation

of the 'shocks’ affecting different countries is.

Backus et al. (1989) present a model with multiplicative productivity
shocks. They assume that the shocks affecting the twe countries in their
nodel follow an AR(1) process. Backus et al. fit an AR(1) process to
detrended quarterly log Solow residuals for the US and an aggregate of
three large European countries (Germany, France and Britain). Their
estimates of R}{D8 and VB {see (23}) are:
2

wo,[ 22 %8 | ane v=[ Gooon Toors?]:

The correlation between the technology shocks affecting the two countries
which is implied by these RHO9 and VB matrices is 0.85. A correlation of
0.85 is much larger than the cross-country correlations which are

documented below.

Unfortunately, Backus et al. do not say what data they used for the
estimation of the Sclow residuals; thelr paper also fails to provide
standard errors for the estimates of RHO9 and Vg. It would be useful to
know these standard errors, because the cross-country correlations implied
by the estimates of RHOG and VB provided by Backus et al. are extremely
sensitive to the values of the elements of the RHOe matrix. It gppears for
example that when the of f-diagonal elements of the RHO9 matrix reperted by
Backus et al. are set equal to zero, the cross-country correlation of the
technology shocks drops from 0.85 to 0.18, which is much mere consistent

with the cross-country correlations reported in the appendix.
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Costello (1989) presents estimates of cross-country correlations of Solow
residuals which differ strongly from those implied by the Backus et al.
estimates of RHDe and Ve. She studles productivity growth in five two-digit
SIC industries in six of the G7 countries. Her paper suggests that the
cross—country correlations of detrended Solew residuals in these industries
are close to zero.

Table 19 presents estimates of the correlation of detrended aggregate
quarterly Solow residuals in the the Us, Japan, France, Italy and Canada.
These residuals are calculated using the formula 1ln{8} = ln(y)} - #*Lln(K) -
(t-n)*1n{L), assuming that n=0.35 (y, K and L are GNP, the stock of

physical capital and hours worked respectively]).

The GNP data are taken from the OECD Quarterly National Accounts.

Two measures of labor inputs are used: (1) for the US, Japan and France
data on total hours worked in the non-agricultural sector are used. For the
US, data on total employee hours are taken from Citlibase (series LPMHU).
For Japan and France, an Iindex of hours worked was constructed by
multiplying the series 'employment in non-agricultural establishments’ and
"weekly hours of work in the non-agricultural sector’ from the Bulletin of
Labour Statistics published by the International Labour Qffice (ILO).

{ii) The second labor measure is the employment data provided by the
International Financial Statistics {IFS). This measure is used for the US,
Japan, France, Italy and Canada. The IFS employment series measure total

numbers of employees and workers (and not total hours].
Capital stocks were estimated using data on gross capital formation from

the International Financial Statistics, assuming a depreciation rate of 10%
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20
p.a. .

Table 19 presents cross-country correlations for first differences of log

Solow residuals and for linearly detrended log Solow residuals.

A two-sided test of the nuli-hypothesis that cross-country correlations of
Solow residuals are zero rejects that hypothesis at the 10% level faor half

of the estimated correlation coefficients reperted in table 19.

The arithmetic average of the correlation coefficient based on first
differenced Solow residuals is 0.19; for first differences Sclow residuals,
the average cross-country correlation is 0.21.

Changing the technology parameter 7n dees not have a strong effect on the
estimated cross—country correlations: for n=0.25, the average cross-country
correlations of first differences and of linearly detrended log Solow
residuals for the countries in the sample are 0.17 and 0.13 respectively.
For 1=0.45, the correspending average cross-country correlations are 0.21

and 0.29 respectively.

20From the identity Kt+1=(l—d)‘Kt+It, where 'd’ is the depreciation

rate, I is gross investment capital, capital stocks can be constructed for
pericds t=1,...,T if one has an estimate of the capital stock in the
*initial’ period t=0. In a steady state where GNP grows at a constant rate
'g’ and where the capital to GNE and the investment to GNP ratios are
constant, we have that k=1i/{g+d), where k and 1 are the steady state
capital to GNP and the steady state investment to GNP ratiocs

respectively. I estimate the *initial’ capital stock by KOE[i/(g+d)]‘YO,

where g is the average GNP growth rate during the sample period and §O is
the average GNP during the first four quarters of the sample, while
iE{l/TJ‘ZIt/Yt is the sample average of the investment to GNP ratic.
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Table 20 estimates trivariate AR(1} processes using detrended log Solow
residuals for the US, Japan and France (the Solow residuals are constructed
using 7m=0.33).

The autocorrelation (RHO) matrices which are estimated for first
differences of log Scolow residuals, are never significantly different from
zero.

Almost all off-diagonal elements of the estimated autocorrelation matrices
which are estimated using linearly detrended log Sclow residuals fail to be
significantly different from zeroc at conventicnal significance levels.

In the simulations presented below, I therefore assume that the

of f-diagonal elements of the 'RHO' matrix are zero.

5.2. Simulation Results: Fixed Labor Supplies

In the first set of simulations, reported in tables 22-27 1 assume that
labor supplies are fixed. I start the simulatlons of the model with this
case because of the strong empirical evidence according to which labor
supply elasticities are small (particularly for males}.21
Intuitively we expect that the effects of limitations on international
asset markets are stronger, the smaller the cross-country correlations of
the exogenous shocks. The simulation in tables 22-27 show that when labor
supplies are fixed and when shocks are not correlated across countries, the
incompleteness of asset markets has a strong effect on the correlations of

consumption and of life-time utilities across countries: in all the cases

shown in tables 22-27, the cross-country correlation of consumption in the

21See Pencavel (1986}.
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presence of incomplete asset markets is smaller than 0.25. Furthermcre the
correlation between the expected life-time utility levels of the two
countries tends to be negative. In the presence of complete asset markets,
consumption and expected lifetime utility levels would be perfectly
correlated across countries (given the assumptions of identical preferences

in the two countries and fixed labor supplies}.

As noted above, when both countries have identical preferences and
technolegies and when labor supplies are fixed, the approximate equilibrium
has the property that the behavior of physical capital is the same with
complete and with incomplete capital markets. The following discussion of
the differences between the effects of multiplicative and additive shocks
on investment and output applies thus to both asset market structures. The
simulations reveal striking differences  Dbetween the effects of
multiplicative and additive shocks. When the model is subjected to
multiplicative technology shocks (tables 22-24), investment In a given
country tends to be very volatile and in addition investment tends to be
negatively correlated across countries, unless the serial correlation of
the technology shocks is low; this can be explained by the fact that when a
persistent (positively serially correlated) country-specific multiplicative
technology shock occurs in one of the countries, the increase in the
marginal product of capital which results from the shock induces a strong
increase in that country’s investment while the other country’s investment
falls. This increase in physical investment in the country affecled by a
serially correlated positive multiplicative shock Iincreases the country’s
demand for imports and thus implies that the trade balance 1is
countercyclical.
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When the model is subjected to multiplicative shocks, cutput is negatively
correlated across countries, unless the serial correlation of the
technology shocks is low. Simulations (not reported in the appendix] of the
fixed labor supply model show that in order to get positive cross-country
correlations of investment in the presence of serially correlated
technology shocks, one has to assume that the multiplicative technology
shocks are strongly correlated across countries. The same thing is true for
output but the cross-country correlations of the multiplicative shocks
required to make output positively correlated across countries seem to be
lower than those needed to get positive cross-country correlations of

investment.

When the fixed labor supply model is subjected to additive shocks (tables
25-27), then investment (and hence capital) is perfectly correlated across
countries: as the marginal product of capital in the two countries is
unaffected by additive technology shocks, the equalization of the marginal
products of capital across the two countries (see {19)) lmplies that - with
fixed labor supplies - the capital stocks of the twoe countries are
perfectly correlated. An additive shock affecting one of the countries
induces changes in the capital stocks of all countries In the world which
have the same sign (provided the shock affects the world interest rate).
Even with additive shocks which are not correlated across countries, the

i

cross-country correlation of output (yt

Lepppl (1 iy . .
Bt f[Kt,Lt] gt) is positive
(although it is relatively small). Note however that if one interprets the

additive shocks gt and gi as government consumption financed by lump-sum

taxes (according to this interpretation g1>0], then the output of country

1.
t

i’ is given by qize fl(Kt}.

67



This implies that if government consumption (financed by lump-sum taxes) 1is
the only source of fluctuations and 1if labor supplies are fixed, then both
investment and output are perfectly correlated across countries. A drawback
of a model based on additive shocks is that these shocks induce procyclical

pehavior of the trade balance.

5. 3. Simulation Results: Variable Labor Supplies
Simulation results for the model with variable labor supplies and
multiplicative shocks are presented in table 28.
The table presents simulation results for a grid of values of the
intertemperal elasticity of substitution parameter ¢ and the labor supply
elasticity els.22
As labor is immoblile internationally, nen-separabilities between
consumption and work effort reduce the international covariation of
consumption.z3 When the labor supply elasticity is gsufficiently low and/or
o is sufficiently close to unity,24 the simulation results are similar to
those which obtain with fixed laber supplies; in particular, cross~country
correlations of consumption are much lower with incomplete asset markets,

than with complete markets.

An increase in ¢ strengthens the non-separability between consumption and

22The following values of these parameters are considered: o¢=1.1, 2, 3,
5, 7 and els=0.1, 0.5, 1.0, 2.0.

23See Devereux, Gregory & Smith (1991) for detailed discussions of this
point.

24F0r ¢=1, the period utility function specified in (21) becomes

u=ln(c)-¢(L), i.e. it becomes separable in consumption and hours worked.
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hours (provided that ¢>1) and holding constant the labor supply elasticity
it therefore reduces the cross-country correlation of consumption.
Likewise, lncreases in the labor-supply elasticty reduce the cross-country

correlation of consumption (holding constant ol.

By selecting values of ¢ and els which are sufficiently large, the
cross—-country correlaticn of consumption can be made rather small, and that
even when asset markets are complete; it appears however that this can only
be achieved by letting consumption and hours be strongly correlated within

the same country, which is inconsistent with the data.

We see that for o=1.1 and els=0.1, the cross-country correlations of
consumption with complete and with incomplete asset markets are 0.99 and
0.30 respectively, and that the correlatlion of consumptien and hours within
the same country is 0.18 with complete and 0.11 with incomplete asset
markets. Increasing ¢ and els to o¢=2 and els=2 reduces the cross-country
correlation of consumption to 0.07 with complete and to 0.02 with
incomplete asset markets. We see however that the within-country
correlation of consumption and hours now becomes 0.77 with complete and
0.67 with incomplete asset markets, which 1is too large compared to the

average within-country correlation cbserved in the data.

The simulations results therefore confirm the finding of Gregory et al.
(1991) that non-separabilities between consumption and labor allow to
strongly reduce the cross-country correlation of consumption, but they
suggest that non-separabilities do not allow to reduce the cross-country
correlation of consumption to the level seen in the data, while ensuring
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that within-country correlations of consumption and hours are small. A
model with incomplete asset markets however 1s able to match both the low
cross-country correlations of consumption and the low within-country
correlations of consumption and Thours, and that for ‘realistic’

cross-country correlations of technology shocks.

6. Summary

This chapter extends the Real Business (Cycle {RBC) theory of international
economic fluctuations by presenting an RBC model with incomplete
international asset markets. In this model only debt contracts can be used
for international capital flows.

The paper shows that with incomplete asset markets, the cross-country
correlation of consumption can be markedly smaller than in the presence of
complete asset markets. The simulations suggest that allowing for
non-separabilities between consumption and labor in a one good
international Real Business Cycle model with complete asset markets does
not allow to reduce the cross-country cecrrelation of consumption to the
levels seen in the data while at the same time ensuring that the
within-country correlations of consumption and hours are small. A model
with incomplete asset markets however is able to match both the low
crass-country correlations of consumption and the low within-country
correlations of consumption and hours which are observed in the data, and

that for ’'realistic' cross-country correlations of technology shocks.

The essay shows also that a model which allows for additive technology

shocks (which can be interpreted as shocks to government consumption} is
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better able to explain the observed positive correlations of investment and
output across countries than standard business cycle theories 1in which

multiplicative shocks to total (and marginal) factor productivities are the

source of fluctuations.
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APPENDIX

nd: non-durables; s: services; ctot: total private consumpfion;

g: government consumption.

nd, s, ctot, g, GNP series are in constant prices and in per capita terms.
JA: Japan, FR: France, IT: Italy, CA: Canada.

TABLE 1.-- AVERAGE ANNUAL GROWTH RATES (IN %) OF
PRIVATE AND GOVERNMENT CONSUMPTION AND OF GNP

nd s ctot g GNP
Us 0.96 2.36 2.02 0.85 1.72
JA 1.68 3.73 2.98 2.77 3.45
FR 1.66 3.08 2.26 2.26 2.05
UK 0.80 2.83 2.38 1.50 2.11
IT 1.94 3.26 3.00 2.47 2.66
CA 0.92 3.24 2.73 1.58 2.87

NOTE: The sample period is 1971:11-1988:1.

GNP data for US and Japan from International
Financial Statistics:; for the remaining countries
from OFCD Quarterly National Accounts.

TABLE 2.-- AVERAGE ANNUAL RATES OF CHANGE OF BILATERAL REAL EXCHANGE RATES

JA FR UK IT CA
UsS =-.05 (-13.29) -.024 (-6.29) -.022 (-6.71) -.020 (-5.80) -.009 (-8.21)
JA .031 (11.57) .034 ( 8.94) .036 (12.72) .047 (10.76)
FR .030 ( 1.05} .00 ( 3.11) .015 ( 3.47)
UK .002 ( 0.84) .012 ( 3.28)
IT .010 ( 2.71)

NOTE: The sample period is 1971:1I-1988:1

Average rates of change (p.a.) of bilateral real exchange rates in

terms of non-durables consumption. In parentheses: t-statistic for the test
of the hypothesis that the unconditional expected value of first
differences of quarterly log real exchange rates is zero. The t-statistics
are corrected for serial correlation (using the Newey & West (1987) method
with 10 lags).
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TABLE 3.-- SHARES OF TOTAL PRIVATE CONSUMPTION EXPENDITURES (IN %)
ACCOUNTED FOR BY NON-DURABLES AND BY SERVICES IN 1971 AND 1987

non-durables services

1971 1987 1971 1987
Us 41.6 35.4 46,8 49.0
JA 36.3 2%8.5 45.5 50.7
FR 40.2 36.9 34.6 38.8
UK 39.2 30.7 38.6 40.8
IT 45.0 37.9 30.0 31.1
CA 36.6 26.6 41.6 45.1

TABLE 4.-- AUTOCORRELATIONS OF QUARTERLY CONSUMPTION GROWTH RATES

n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=8 =9 n=10
US *% #* % 4 W >
nd .32 .02 .34 .09 -.32 -.16 .01 -.21 -.21 -.00
* * W
s .01 -.04 .34 .05 -.20 .27 -.06 -.18 .18 -.02
JA = W * W > " *
nd .64 .54 .38 .34 .17 .13 .07 .17 .Q7 .12
»* * W »* W EE ]
s .67 .56 .51 .31 .11 .03 ~-.06 -.13 -.25 -.27
FR > L]
nd -.37 -.18 .35 ~-.18 -.04 .05 -.09 .03 -.02 -.03
¥* n - "
s -.30 -.11 -.07 .08 .06 .10 -.01 -.12 .02 -.03
UK
nd -.02 -.06 01 -.05 .05 12 05 -.20 -.11 -.00
L3 ] o
S 19 20 29 15 .29 05 11 13 05 11
IT >4 »
nd .67 .31 -.14 -.27 -.37 =-.21 -.14 -.01 -.12 -.10
- L E »
s .39 .10 -.16 .17 -.13 -.11 -.23 .09 -,19 -.10
CA w
nd -.15 .00 .09 .04 .15 .11 -.07 .03 .09 .16
»*wn L
s .17 .17 .12 .27 .08 .02 .01 -.07 .07 .01

NOTE: The sample period is 1971:11-1988:1
n: order of autocorrelation.

**. gignificantly different from zero at 5% level.
Estimates of the standard deviation of autocorrelations were obtained using
the Newey & West (1987) method, allowing for 10 lags.
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TABLE 5.-~- AUGMENTED DICKEY-FULLER TESTS FOR UNIT ROOTS IN QUARTERLY LOG
CONSUMPTION

k=0 k=1 k=2 k=3 k=4 k=5 k=6
us
nd -1.58 -2.29 § -2.12 ~3.65 ** -3.07 ¢ -2.55 § -2.33
s -1.68 -1.78 -1.80 -2.32 § -2.27 -1.92 -2.35
c -1.36 -1.98 -1.97 -3.32 * -2.97 % -2.23 § -2.33
JA
nd -2.80 % -3.07 ¥ -3.85 ** 3,80 ** -3.83 ** -3.11 % -3.01 #
s -2.84 % -2.80 § —3.94 ** 5,02 *** -4 85 *** -4 24 *** -3.69 **
c -3.26 * -3.07 ¥ -4.03 ** —4.79 *** -4.44 *** -3.66 ** -3.13 ¥
FR
nd -4.62 *** -3.60 ** -2.74 § -3.13 % -3.16 % -3.23 * -2.85 %
S -2.98 % -2.65 § -1.35 -1.35 -1.54 -1.90 -2.07
c -3.28 * ~2.86 % -2.49 -2.38 § -2.29 -2.47 § -2.29
UK
nd -2.56 -2.53 § -2.68 § -2.64 § -2.38 -2.51 § -2.97 t
s 1.68 1.42 1.06 0.46 0.32 -0.22 -0.07
c 0.41 -0.08 -0.38 -0.54 ~0.29 -1.12 -1.18
IT
nd -1.29 -3.32 * -2.86 % -1.80 -2.70 § -1.77 -3.02 ¢
s -1.80 ~2.75 § ~-2.36 -2.36 § -3.51 ** -2.38 § -2.88 %
c -1.38 -3.33 * -2.80 % | -2.11 -2.78 & -2.08 ~-2.48
CA
nd -3.02 % -2.61 § -2.53 -2.28 § -2.22 -2.24 § -2.86 %
s -1.62 -1.72 -1.99 -1.9¢9 -2.19 -2.47 § -2.40 §
c -2.32 -2.01 -2.11 -2.00 -1.99 -2.34 § -2.86 %
NOTE: The sample period is 1971:11-1988:1.
nd: per capita consumption of non-durables.
s: per capita consumption of services.
c: per capita consumption of non-durables plus services.
The test results are for logs of the variables indicated in the

first column.

k: the number of lagged Az terms included on right~hand side of (2.2);
1971:11-1988:1 is the sample period used for k=0; for k>0, the beginning
of the sample peried is shifted forward, e.g., for k=1, the sample period
is 1971:111-1988:1.

¥ EE ] *

, . * % and § indicate rejection of null-hypothesis ¢=0 at 1%,
5%, 10%, 20% and 50% significance levels respectively.

For 50 observations, the critical values for the Augmented Dickey-Fuller
test are -4.15, -3.50, -3.18, -2.81 and -2.60 at the 1%, 5%, 10%, 20% and
50% levels respectively (the 1%, 5% and 10% eritical values are taken from
table 8.5.2 of Fuller (1976); The 20% and 50% critical values were obtained
by Monte Carlo simulations (5000 replications) of random walks with N(0,1}

innovations).
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TABLE 6.-- AUGMENTED DICKEY-FULLER TESTS FOR UNIT ROOTS IN BILATERAL
REAL EXCHANGE RATES

k=0 k=1 k=2 k=3 k=4 k=5 k=6
Us-Ja -1.45 -2.36 -2.14 -2.02 -1.67 -1.62 -1.44
Us-FR -1.53 -2.10 -1.95 -2.03 -1.89 -2.17 -2.25
Us-UK -1.54 -1.94 -1.83 -1.98 -2.14 -1.61 -2.21
Us-IT -0.66 -1.82 -1.92 -2.04 -1.72 -1.98 -1.79
us-CAa -0.87 -1.36 -1.60 -2.02 -2.21 -2.32 -2.16
JA-FR -2.12 -3.41 * ~3.26 * -3.71 ** -2.69 § -2.40 -2.39
JA-UK -1.62 -2.53 -2.34 -2.36 -2.04 -1.82 -1.73
JA-IT -2.15 -3.55 ** -3.04 % -3.66 ** -2.61 § -2.26 -2.16
JA-CA -1.52 -2.35 -2.16 -2.14 -1.77 -1.94 -1.80
FR-UK -2.1i3 -2.23 -2.33 -2.60 § -2.46 -2.46 -2.51
FR-IT -1.76 -1.89 -1.70 -1.94 -1.56 -1.85 -2.00
FR-CA -1.49 -2.09 -1.93 -2.13 -1.90 -2.42 -2.48
UK-IT -1.42 ~-1.70 -1.24 -1.41 -1.83 -1.08 -1.33
UK-CA -1.43 -1.84 -1.82 -1.98 -2.12 -1.72 -2.21
IT-CA -1.04 -2.16 -2.18 -2.42 -2.07 =2.49 -2.35

NOTE: The sample period is 1971:11-1988:1.
The bilateral real exchange rates are defined in terms of non-durables.

k: the number of lagged Az terms included on right-hand side of (2.2);
1971:11-1988:1 is the sample period used for k=0; for k>0, the beginning
of the sample period is shifted forward, e.g., for k=1, the sample period
is 731:I1I11-88:1.

*x#x «% * + and § indicate rejection of null-hypothesis $=0 at 1%,
5%, 10%, 20% and 50% significance levels respectively.

For 50 observations, the critical values for the Augmented Dickey-Fuller
test are —-4.15, -3.50, -3.18, -2.81 and -2.60 at the 1%, 5%, 10%, 20% and
50% levels respectively (the 1%, 5% and 10% critical values are taken from
table 8.5.2 of Fuller (1976); The 20% and 50% critical values were obtalned
by Monte Carlo simulations (5000 replications) of random walks with N(0,1)
innovations).
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TABLE 7.-- A MONTE CARLO STUDY ON THE PARK TEST STATISTIC

n=~0 n=5 n=10 n=20 n=30 n=50 n=60
p=0 .13 .07 .18 .44 .67 .86 .97
p=0.25 .38 .09 .10 .37 .62 .92 .96
p=0.50 .49 .13 .22 .32 .68 .97 .94
pp80755 .786 L2380 .139 . 449 L T25 . 999 .987
p=1 .97 .64 .47 .57 .83 .99 1.00

NOTE:
The table shows the proportions of draws in which, using the 10% critical

values for the asymptotic distribution of the Park statistic, the

r ¥

hypothesis is rejected that x and y are cointegrated. 'n’ is the lag length

used to correct for serial correlation in constructing the Park test
statistic (t, t2 and t3 are used as superfluous regressors).
The table is based on the following process:

= : = =p* = =h =
Xy X TEL Yy xt+ht, ht p ht_1+n1 for t=1,...,70 {(and X5 hO o),
where ¢ and B are N(0,1) white noises. Hence {x} follows a random walk;
{x} and {y} are cointegrated if ipi<l. 100 draws of the {x} and {y}

processes were simulated for p=0, 0.25, 0.50, 0.75, 0.95 and 1.
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TABLE 8.-- PARK (1990) COINTEGRATION TESTS

(1) {(2) (3)
Single Good One Country-specific  Two Country-specific
Model Consumption Good Consumption Goods
US-JA .33 .69 (P) .00
.02 ey (P} .00
.03 (P) 21 (P)
.08
.32
US-FR .41 .61 .36 (P)
.08 .27 {P) .10
.03 (F) .70 {P)
.38 (P)
.26 (P)
US-UK .38 .63 .34 (P)
.04 .03 .02
.09 .12 (P)
.00
.03 {P)
Us-IT .24 (P) .35 (P) .30 (P)
.08 (P) .21 (P) .43
.03 (P) .26
.55 (P)
.22 (P)
Us-CA .82 .26 (P) .21 (P)
.04 .02 (P) .07 (P}
.13 (P) .03 (P)
.12 (P)
.12 (P}
JA-FR .04 .03 17 (P)
.17 .16 .12 (P)
.16 .15 (P)
.20 (P)
.23 (P)
JA-UK .21 .03 .00 (P)
.03 (P) .02 (P) .67 (P}
11 (P) .10 (P)
.00
.19
JA-TT .02 ' .02 (P} .42 (P
.10 -1 .06 (P)
.27 (P) .19 (P)
.04
.68 (P)



TABLE 8.-- continued

(1) (2) (3)
Single Good One Country-specific Two Country-specific
Model Consumption Good Consumption Goods
JA-CA .14 .04 .15
.09 .29 .03
.73 .07
.69
.46
FR-UK .15 .54 (P) .11
Q7 .08 (P) .84 (P)
.09 (P) . 40
.04
.09
FR-IT .21 .23 (P) .57 (P)
.66 .72 .05 (P)
.09 (P) .02 (P)
.25 (P)
.11 (P)
FR-CA .81 .82 (P) .55 (P)
.12 .11 .16
.24 (P} .55 (P)
.61 (P)
.43 (P)
UK-IT .01 {P) .04 .61
.28 .06 .99 (P)
.13 .02
.14
.18
UK-CA .17 .05 .40
.07 .02 .30 {P)
11 (P) .01
.86 (P)
.94 (P)
IT-CA .87 .69 .46
.15 .10 .10 (P)
.03 (P) -~ .63 (P)
.10 (P)
.16 (P)

NOTE: Sample period: 1971:11-1988:1 (quarterly data).
The table reports p-values for test of null hypothesis of cointegration.

(1) Tests of the single good model: test whether 1n(ci) and 1n(cY) are
cointegrated (see (2.5}); c¢: non-durables plus services.
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TABLE 8.-- continued
(2) Tests of the model with one country-specific consumption good: test
whether ln(cl), ln(CJ) and In(R’Y) are cointegreted (see (2.7)); c:

. i, .
non-durables plus services, R 'J. real exchange rate in terms of ’c’.

(3) Tests of the model with two country-specific consumption goods: test
whether ln(ndl), ln(sl), ln(ndJ], in(s?) and ln(RNDl’J) are cointegrated

(see {2.10 a)); nd: non-durables, s: services, RNDl’J: real exchange rate in
terms of non—-durables.

As the outcome of the Park test can depend on which "x’ variable 1is used on
the left-hand side in the cointegrating regression (2.3}, test results are
reported for all possible choices for the left-hand side variable. The
first two columns in the table indicate the country pair to which the test
statistics provided in the remaining columns pertain. Let i and j denote
the first and the second country listed for a given country pair (e.g. for
US-JA, i=US and j=Japan). For the single good model, the first line of test

statistic provided for a given country pair uses In(c™) on the left-hand
side of (2.3), while the second line uses ln(cJ) as the left-hand side
variable. For the model with one country-specific good, 1n(c’) and ln(e?)

and ln(Rl’J) are used as left-hand side variables for the ISt, an and 3rd
test statistics respectively. For the model with two country - specific

goods, ln(ndll, ln(ndJ), ln(sl). ln(sj] and 1n(Rl’J] are used as left-hand

side variables for the ISt, an, 3rd and 4th test statistic respectively.

For the single good model, *(P)’ indicates that coefficients of canonical

cointegrating regressions (3.4) imply that the restriction (et-1)/(c7-1)>0
is rejected and that one fails to reject the hypothesis that

(07-1)/(¢9-1)=0 at 5% level.

For model with one country-specific consumption good, ’(P)’ indicates that
preference parameters recovered from coefficients of canonical

‘cointegrating regressions violate the restriction ¢k<1 and that one fails

to reject the hypothesis that @k—1=0 at the 5% significance level for k=i
and/or k=j.

For the model with two country-specific consumption goods, '(P)’ indicates
that preference parameters recovered from coefficients of canonical
cointegrating regressions violate one of the following restrictions:

olepi<t, ot*ul>0, ¢J+pd<1, o*ul>0 and that in addition this violation is
"significant’, (when ¢+u<l is viclated, then ' (P)’ indicates that the

hypothesis o+u-1=0 is rejected at the 5% level, when oc*u>0 is violated,
then ’ (P)’ indicates that the hypothesis o*u=0 is rejected at the 5% level).
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TABLZ 9.-- CRITICAL VALUES roR THE PHILLIPS & OULIARIS (199%0) Z AND
a
TEST STATISTICS

[

?

(a) 7  scatistie
Size 0.01 0.05 0.10 0.20 0.50 0.30
n=1 -35.41 -27.08 -23.19 -18.69 -12.29 -7.38
=2 -40.34 -32.22 -27.78 -23.38 -15.89 -%3.69
n=4 -53.61 -42 .45 -37.73 -32.58 -23.76 -16.69

>

(b) 7 statistic

r

Size 0.01 0.05 0.10 0.20 0.50 0.8C
n=1 -4.36 -3.80 -3.51 -3.15 -2.53 -1.90
n=2 -4 64 -4.15 -3.84 -3.50 -2.85 -2.17
n=G4 -5.36 -4.74 -4 46 -4.13 -3.50 -2.90
NOTE:

n is she number of x-variables on the right-hand side of the

cointegrating regression (3.3).

The null-hypothesis of no coincegration is rejected if the wvalue of the
cest statiscic falls below the chosen critical value.

A

Phillips & Ouliaris provide 1%, 5% and 10% eritical wvalues for the Za and
ZC cest scatistics (see tables Ic and IIc of their paper). I obrtained 20%,

50% and 90% critical values using Monte Carlo simulations.
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TABLE 10.-- PHILLIPS & QULIARIS (1990) TESTS OF NO-COINTEGRATION HYPOTHESIS

L (2) (3
Single Good One Country-specific Two Country-specific
Model Consumption Good Consunption Goods
Z z
a = a t a ol
Us-Ja -11.25 -2.95 § -11.16 -2.81 -13.10 -2.67
-8.72 -2.04 -11.39 -2.42 -8.37 -1.88
-9.70 -2.03 -19.12 -3.46
-12.98 -2.66
-13.01 -2.60
US-FR -30.89 * -4,37 * L4374 kkk -5 37 xk% -22.70 -3,80 §
-13.90 § -2.69 § -13.45 -2.64 -56.94 wk%k -5 9T FEE
-22.49 § -3.51 % -20.48 -3.73 §
-31.85 § -4.53 %
-15.51 -2.92
Us-UK -6.11 -1.26 -5.08 -1.10 -15.05 -2.95
-9.24 -2.14 -9.20 -2.13 -21.37 -4.,02 §
-7.26 -1.93 -23.98 § -3.91 §
-6.66 -1.23
-13.66 -2.75
Us-1T -6.8C -1.87 -5.36 -1.5%4 -10.57 -2.61
-8.69 -2.06 -9.54 -2.18 - 9.68 -2.17
-8.00 -1.70 -13.92 -3.02
-10.97 -2.46
-8.61 -1.83
Us-Cca -8.33 -2.50 -8.02 -2.30 -29.30 § -4.53 %
-G.47 -2.17 -8.82 -2.03 -60.22 * -6.88 Hkk
-9.21 -2.01 -23.92 § -4.35 ¢
-43.91 %% -5.52 #%id
-32.24 § -4.12 §
JA-FR -23.22 * -3.84 % -24.55 % -3.73 ¢ -22.83 -3.52 §
-11.82 -2.79 § -13.81 -3.08 § 54,02 kkk -6 TS k¥A
-11.60 -2.58 -31.45 § -4 65 *
-42,94 %% -5.43 %k%
-15.97 -3.41
JA-UK -5.06 -1.07 -6.00 -1.24 -12.65 -2.37
-11.04 -2.93 § -11.04 -2.92 § -29.78 § 4,27 %
-8.36 -2.13 -12.73 -2.43
-14.00 -2.21
-11.57 -2.5%
JA-IT -11.62 -2.58 § -11.26 -2.52 -10.58 -2.40
-14.94 § -3.44 % -14.75 -3.26 -15.19 -3.19
-8.06 -2.08 -20.66 -3.78 §
-13.69 -2.68
-9.08 -2.77
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TABRLE 10.-- continued

JA-CA

FR-UK

FR-IT

FR-CA

UK-IT

UK-CA

IT-CA

(L
Single good

model
Za Zt
-7.25 -1.87
-11.19 -2.30
-3.85 -0.84
-18.85 % -3.35
-8.86 -2.13
-22.38 -3.72
-20.72 ¢ -3.54
-32.35 #* -4, 61
-6.67 -1.84
-5.14 -1.09
-7.33 -2.37
-4.90 -1.06
-9.37 -2.57
-8.47 -2.09

e

F

*

(2)

One country-specific
consumption good

¢D]

Two country-specific

consumption goods

A

Z

-11.
-11.
-11.

-5.
-25.
-11.

-8

o4

23
40
48

30
23+
43

.96
=36,
-18.

-12.
-36.,
.40 §

-16

-7.
-10.
-12.

-8.
-4,
-8,

-9
-8

47 *%
09 §

23
79 *%*

25
17
61

27
20
64

47
.19
-8.

66

82

-2

~

Z

=

.44
-2.
-2.

-1.
-3.
-2.

-2,
.75
-3,

A

-2.
(11
.08

-5
-3

-1.
-1.
.59

-2

-2,
-0.
-2.

-2

53
49

12
83
49

15

i8

80

91
85

53
93
13

.65

-2.
-2.

04
00

*dk

§

*kk

§

~

Z

-9.
.11
.21
-2%.
-11.

-33
14

-43

-30

-39

[0 ]

65

61
99

.56
-28.
-31.
-11.
-1l4.

-41.
-10.
-49.
-l6.

80
20
52
63

52
57
35
93

.80

-39.
-31.
.91

-31.
.01

-20.
.24
.08
-10.
-14.

-18.
.26
.20
.95
-23.

-17

-13
-6

-39
-8
-33

-9

-32

38
89

98

86

86
85

75

G6

.76
-37.
-11.
.55
-12.

31
79

55

A

z

C

-1.
.80
-2.
-3.
-2.

Hk -6

*k -&

-5

ws s X W

99

82
68
65

.36
§ -4,
.32
-1.
-2.

.09
-2.

48

95
83

35

.06
-3.

b

-5.
-4,

09
25

67
59

.28

-4

-3,

-3.
-2.
-1.
-2.
-2.

-3,
.48
-1.
.09
-3,

-2,
: -5.

-2.
.38
-2.

75
05

67
T4
38
41
9G

42

51

76

19
13
46

4l
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*k

*hk
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TARLE 10.-- conCinued

NOTE:
Sample period is 1971-11-1988:1 (gquarterly data).

wrk ok k2§ £ rejection of null hypothesis of no cointegration at 1%,
sy 10%, 20%, 30% and 80% lavels respectively.

Columns labeled ‘(1) Single Good Model': tests of hypothesis that ln(ci) and

ln(cj) are mnot cointegraced (z: non-durables plus services)

Calumns labeled ' (23 Model With One Country-specific Consumption Good’:

cests of hypothesis that ln(cl}, ln(cJ) and ln(Rl‘J) are not cointegreted
(c: non-durables plus services).

Columns labeled ' (3) Model With Two Country-specific Consumption Goads’:

tests of hypothesis that ln(aaly, 1n¢shy, lu(ndd), 1n(s)) and 1a(RND™'Y)
are not cointegrated (nd: non-durables; s: services).

As the outcome of the Park test can depend on which 'x’ variable is used on
the left-hand side in the cointegrating regression (2.3), test results are
reported for all possible choices for the left-hand side variable. The
first two columns in the cable indicate the country palr to which the test
statistics provided in the remaining columns pertain. Let 1 and j denate
the first and the second country 1isted for a given country pair {e.g. for
Us-Ja, i=US and j=Japan). FoT the single good model, the first line of test

statistic provided for a given country pair uses ln(cl) on the left-hand
gide of (2.3}, while the second line wuses ln(cj) as the left-hand side
variable. For the model with one country-specific good, 1n(cl) and 1n(cJ)

and ln(Rl'J) are used as left-hand side variables for the lSC, an and 3rd
test statistics respectively. For the model with two country - specific

goods, la(nd’), la(nd)), la(s™), in(sd) and 1n(R1'7) are used as left-hand

side variables for the lSt, 2nd, 3rd and hth test statistic respectively.
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TABLE 11.-- REGRESSIONS OF CONSUMPTION GROWTH RATES ON LAGGED CONSUMPTICN
GROWTH RATES

&’ ’ r
Us-JA .07 .35 .03 {-.45 .51 .16 {-.08 .38}
US-FR .03 .06 L7400 {-.13 .96} .30 (.05 .50
Us-UK .06 .02 A1 (-071 .80} .27 (.01 .50}
Us-1IT .28 .27 27 (.22 .63} -.04 (-.27 .18)
Us-ca .04 13 237 (-.25 .78) .06 (-.17 .30}
JA-FR .32 .03 .23 (-.31 .66} .22 [ .18 .42)
Ja-UK .29 .00 .57 (-.33 .93} 26 .41 L05)
JA-IT .32 .39 .64 { .00 .90} .27 (.01 .49)
JA-CA .28 .10 .53 (-.03 .84 11 (-.09 313
FR-UK .1a .00 .33 (-3 .7 .25 { .08 .40}
FR-IT .07 .26 -.01 {-.39 .36} .00 (-.17 .17}
FR-CA .02 .01 430 (-.57 .91} .13 (-.12 .37)
UK-1IT .03 .34 .68 { .12 .91} 19 (.04 L34)
UK-CA .00 .07 .10 (-.56 .68) .20 {-.07 .46}
IT-Ca .27 -.01 27 (-.47 .79) 30 { .07 .49)

NOTE:
Regressions use quarterly data for the period 1971:1V-19881:1.
For each country pair i,j, the table considers regressioms of

Aln(ct) and Aln(ci) on a constant, Aln(ndl), Aln(sl), Aln(ndj),

Aln(sJ) lagged two and three periods (cl-ndl+sl; nd: non-durables;
s: services).

§2: Adjusted Rz. The first (second) EZ statistic reported for a given

pair of countries uses as the left-hand side variable the
consumption growth rate of the first (second) country listed for that
pair.

Sample correlation coefficient between fitted values of Aln(ct)
and aln(ci) from regressious.

{}: 95% confidence intervals (calculated using the methods of
Cumby & Huizinga (1991) and Newey & West (1987), allowing for 10
autocorrelations).

r: cross-country correlation of actual consumptien growth rates.

{}: 95% confidence intervals (calculated using the method of
Newey & West (1987), allowing for 10 autocorrelations).

84



TABLE

19

PRFA

-- VELU ET AL.

(1986) TESTS:
SINGLE CONSUMPTION GOOD

INCOMPLETE ASSET MARKETS MODEL WITH A

(a) p-values for Test of the Hypothesis That rank(¥)=-n-1

h=0 h=1 h=2 h=3 h=4
Us-JA .00 03 .00 .00 .00
US-FR .06 .09 J11 .19 .04
US-UK 45 LG4 .32 .46 .05
Us-1T .00 .01 .00 .CO .00
US-Ca .08 .24 14 .12 .07
JAa-FR .00 .01 .00 .00 .00
Ja-UK .25 .49 77 .84 231
JAa-1IT .00 .00 .00 .CO .00
JA-CA .03 .24 .04 .12 .16
FR-UK .10 11 .19 .39 .18
FR-IT .00 .0C .00 .00 .00
FR-CA .03 ) .02 .06 .09
UK-1IT .12 .34 .59 .69 .38
UK-CA 42 .69 .19 .20 .06
IT-CA .08 .37 .10 .27 .04

- i ]
(b) Estimates of (¢ -1y /e”-1)
h=0 h=1 h=2 h=3 h=4

US-JA 12.60 (29.72) 37.24 (251.20) 52.50 (600.99) -21.00 (100.27) -4.14 (5.63)
US-FR -1.8C ( 1.00) -2.77 ( 2.13) -1.66 ( 0.35%) -1.59 (¢ 0.51) -1.28 ( 0.453)
US-UK -1.45 ( 0.80) -1.59 ( 1.24) -0.84 { 0.52) -0.54 ¢ 0.47) 0.00 ( 0.63)
US-IT 3.31 ( 3.50) 6.41 (12.33) -2.27 ( 2.10) -3.69 ( 5.63) -6.63 (16.97)
UsS-CA -0.97 ( 1.07) -1.22 ( 1.57) ~-0.81 { 0.50) -0.61 ( 0.51) -C.31 ( 0.44)
JA-FR 0.14 ( 0.26) 0.23 ( 0.27) 0.1 ( 0.26) -0.02 ( 0.25) -0.192 ( 0.23)
JA-UK -0.41 ( 9.27) -0.45 ( 0.27) -0.44 ( 0.27) -0.49 ( 0.26) -0.64 ( 0.29)
JA-IT -0.66 ( 0.24) -0.76 ( 0.22) -0.78 ( 0.20) -0.78 ( 0.20) -0.81 ( 0.18)
IJa-CA -0.38 (¢ 0.21) -0.37 ( 0.21) -0.50 ( 0.23) -0.48 ( 0.22) -0.48 ( 0.22)
FR-UK -0.48 ( 0.61) 0.35 ( 0.66) G.08 ( 0.48) 0.01 ( 0.48) 0.33 ( 0.85)
FR-IT 2.31 ( 2.26) 3.82 ( 6.51) -4.04 { 7.79) 12.46 (64.57) -25.29(137.3)
FR-CA 0.4%L ( 0.70) 0.17 ( 0.42) -0.03 ( 0.63) 0.01 ¢ 0.68) -0.09 ( 0.85)
UK-IT -1.46 ( 1.03) -1.16 ( 0.60) -0.96 ( 0.40) -0.98 ( 0.40) -0.87 ( 0.31)
UK-CA -0.81 ¢ 0.58) -0.72 ( 0.58) -3.26 ( 6.64) -25.29(507.61) -9.32(219.73)
IT-CA -0.47 (¢ 0.33) -0.42 ( 0.30) -0.37 ¢ 0.31) -0.49 ( 0.30) -0.68 ( 0.30)
NOTE: Standard Deviations in Parentheses.
Sample period used for h=0 is 1971:1I-1988:I. For h>0, the beginning of
the sample period is shifted forward, e.g., for h=l, the sample perioed is

1971:I11-1988:1.
h: the Velu et al.

instruments:

X

+1

(1986) test uses lagged values of the nx

= I - f
g Zt+e ( Xt

t+

11

where Z
t
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TARBLE 172.-- continued

XC?l-(i_\.ln(c;_l) , alael )
The Velu et al. method requires the vector X to have zero mean. As the X
wariables used in the empirical work do not have zero means, the analysis
was conducted using deviations of all variables from their respective
sample means. This does not affect the asymptotic properties of the Velu et
al. test statistics. :

'{* denotes the first country listed for a given pair of countries.
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TABLE 13.-- VELU =T AL. (1986) TESTS: INCOMPLETE ASSET MARKETS MODEL WITH
ONE COUNTRY-SPECIFIC CONSUMPTION GOoD

(a) p-values for Test of the Hypothesis That rank(¥)=n-1

h=0 h=1 B2 h=3 h=d
Us-JA 17 .40 17 17 .29
US-FR .06 .08 .30 07 .06
Us-UK .61 .55 .80 .89 75
Us-1IT .00 .00 .01 .02 .05
US-Ca .07 .32 .25 .25 .35
JA-FR .02 .19 .33 24 .00
JA-UK .30 .72 .88 .92 .49
JA-IT .00 .00 .01 .00 .00
JA-CA 11 .53 .34 47 .61
FR-UK .62 27 4l .62 .40
FR-IT .00 .01 .00 .00 .00
FR-CA .06 .05 .03 .05 .09
UK-IT 31 .45 .76 .69 .62
UK-CA .92 .91 .85 .92 .94
IT-CA .08 .51 .22 .34 14

(b) Estimates of Preference Parameters for h=&4.

O’i Uj
Us-JA 25,63 ( 2.39) -0.34 ( 2.04)
US-FR .14.30 (13.76) ST 44 ( 9.94)
US-UK 2.84 ( 2.64) 4.99 ( 2.72)
Us-1T 21,01 ( 2.19) 2.57 ( 2.05)
US-CA 1.02 ¢ 2.10) -2.13 ¢ 3.57)
JA-FR 20,16 ( 2.34) 7.87 ¢ 6.25)
JA-UK 3.81 ( 9.25) 13.06 (12.63)
JA-IT 27.32 ( 5.76) -7.50 ¢ 7.3%)
JA-CA 27.13 ( 6.22) J12.43 (10.35)
FR-UK .3.31 ( 7.08) 8.51 (19.00)
FR-IT .2.57 ( 2.68) 1.06 ( 1.71)
FR-CA 22,47 (11.06) -14.97 (17.75)
UK-1T 8.92 ( 7.99) 10.13 ( 9.80)
UK-CA 3.31 ( 2.41) -3.38 ( 2.83)
IT-CA .5.49 (11.76) ~8.04 (12.13)

NOTE: Standard Deviatioms in Parentheses.

Sample period used for h=0 is 1971:I11-1988:1. For n>0, the beginning of
the sample period is shifted forward, e.g., for h=iL, the sample perlod is
1971:ITII-1988:1.
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TABLE 13.-- continued

h: the Velu et al. (l986) test uses lagged values of the nxl vector Xt+l as

instruments: Xt+lﬂw Zt+€t+l’ where zt - Xt’ X:-l’ A Xt~h) , where
- 1 N L.dyye
Xt+l (Aln(ct+l), Aln(ct+l), Aln(Rt 3y,

The Velu et al. method requires the vector X to have zero mean. As the X
variables used in the empirical work do not have zero means, the analysis
was conducted using deviations of all variables from their respective
sample means. This does not affect the asymptotic properties of the Velu et
al. test statistilcs.

'i' denotes the first country listed for a given pair of countries.
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TABLE 14.--GMM TESTS OF THE INCCMPLETE ASSET MARKETS MODEL W

CONSUMPTION GQOD

ITH A SINGLE

Us-Ja

Us-frR

US-UK

Us-1IT

Us-CA

JA-FR

JA-UK

Ja-IT

JA-CA

UK-1IT

UK-CA

IT-CA

O

-0,
.36

-0

o O

-0.
-0.

ool >

.68
.39

.02
.52

.01
.06

.14
.28

.63
.25

.22
.05

.66
.37

.83
.62

06

A7
.23

.22
.51

.29
.01

44
14

.37
.79

(1.
(0.

(0.40)
(0.

(0.
(0.

.18)
175

17
.14

.09)
.2L)

.23
.13)

217
.22)

.22)
.12)

L11)
.23

.323
.07)

.19)
.15)
J10)
.25)

.25)
.09)

L11)
.19)

00)
08)

2L)

03)
33

10,
13.

12.
14,

14,
15.

13.
11.

13.
12.

12.
13.

11

49
42

00
26

.02
.94

.10
.60

.91
.83

.90
.82

98
72

63
28

77
.79

.12
42

.90

.37

10.60

89

p-value
.69
48

.15
.79

.56
J44

.4l
L34

.52
.66

.82
.69

.67
.90

.61
.69

.76
.77
L45

.54

.55
.50

77
.70

.92
49

.89

.76

.65
7l

Jl
18

19.

19,

18,

19,

17

18,

18.

16.

18,

17.

17

i9.

.23

46

23

93

11

.29

48

55

32

50

39

.50

48

18.42

17.62

p-value

.92

.93

.94

.93

.96

.95

.94

.97

.94

.96

.96

.92

.95

.96



TABLE 14.-- contineed

NOTE: The sample period 1s 71:IV-88:1 (quarterly data).

The table reports tests of the model wizh incomplete asset markets and a
single consumption good. The tescs are use the Generalized Method of
Moments, exploiting the orthogonmality condition Eq'*Xt+l*ZC-O. The table

tests condition (7.5'):

k - - h ~
Aln(ct+l)=p+7*ﬂln(ct+1)+qt+l, (a.l)

- k h -
where ~=(g -1)/(¢ -1) and 7 has mean zero and is orthogonal to all

t+l
instruments in the period t information set.

The following instruments are used!: Aln(ndk), Aln(ndh}, Aln(sk), Aln(sh),
k h k _h
nd’ Tad’ s’ T
post real short term interest rates in terms of non-durables and services

T lagged two and three periods. Here r_, and r_ are ex
respectively.

The first column in the table indicates the country pair. Let 1 and ]
denore the first and the second country listed for a given country palr
(e.g. for US-Ja, i=US and j=Japan). For a given country pair, the first

line with test gstatistics uses Aln(cl) on the left-hand side of (A.1),
while the second line uses Aln(cj) on the left-hand side of (A.1).

; is the GCMM estimate of v {(standard deviation in parentheses).

J: Hansen's (1982) J-statistic £for cest of the hypothesis that the
residual ;t+l {see (A.l)) 1is orthogonal to the instruments. If cthe
orchogonality conditions hold , the J-statistic is asymptotically X2 with

14 degrees of freedom. 'p-value’ is the p-value of the J statistic.

J': This statistic tests the joint hypothesis that consumption growth rates

for a given pair of countries are orthogonal to instruments.

Specifically, the statistic tests whether wt+1=(aln(ct+l)-pk) and
h h h . kK
ut+l=(Aln(ct+l)-p ) are orthogonal to the instruments for some constants p
and p . Under the hypothesis that wt+l and w2+l are orthogonal to the

instruments, the J’ statistic is asymptotically x~ with 30 degrees of
freedom.

The real interest rates which are used as instruments are computed on the
basis of short term Iinterest rates from International Finacial Statistics
(US: see line 60C in IFS, Japan: 60B, France: 60B, UK: 60C, Italy: 6&0B,
Canada: 60C).

90



TABLE 13.-- CROSS-COUNTRY CORRELATIONS OF DETRENDED TOTAL PRIVATE
CONSUMPTION

JA FR UK IT CA

(a) Cross-country Correlations of Quarterly Growth Rates of Total
Private Censumption.

Us .22 .27 .24 .02 .26
{-.01 .44} {-.00 .30} {-.G8 .51} {-.23 ..28) { .07 .43

Ja .25 .30 .55 .22
{ .04 .44} { .17 .43} { .34 .70} {-.03 .46}

FR .21 .17 .23
{-.02 .43) {-.04 .37 [ .02 .42)

UK L19 .17
{-.02 .21} {-.08 .40}

IT .22
{-.03 .43)

(b) Cross-country Correlations of Linearly Detrended Logs of Quarterly Total
Private Consumption.

us .12 .19 .52 -.18 .39
{-.10 .33} [-.33 .62} { .05 .80} { -.48 .17} { .02 .66}

JA .39 .18 .66 .58
{ .21 .82) {-.10 .44} { .45 .80) { .17 .82}

FR -.15 .63 .64
{-.41 .12} { .42 .77} { .23 .85)

UK -.09 .01
(-.37 .20} {-.37 .38)

IT .38
{ .04 .83)

NOTE: The figures in parentheses are 95% confidence intervals (based on
estimates of the standard errors of the sample correlation coefficients
which were obtained using the method of Newey & West (1987), allowing for
10 autocorrelations). Sample period is 1971:1-1988:1 (1971:1I-1988:1 for
statistics based on growth rates).
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TABLE 16.-- CROSS-COUNTRY CORRELATIONS OF DETRENDED GNP

JA FR UK IT CA

(a) Cross-country Correlatiens of Quarterly Growth Rates of GNF.

Us L4h .29 .16 .24 47
{ .22 .62) { .01 .53 {-.02 .33) { .01 .453) { .21 .67)

JA .37 .28 .04 .29
{ .21 .50) (-.04 .55) {-.18 .25) { .17 .40}

FR .24 .56 .22
{ .00 .45) { .33 .73) (-.04 .44y

UK .03 .18
{-.18 .24} {-.14 .47)

IT .15
(-.10 .39}

(b} Cross-country Correlations of Linearly Detrended Logs of Quarterly GNP.

Us .54 .25 .71 .29 .60
{ .28 .72} {-.23 .64} { .58 .81) { .01 .53) { .22 .83

JA .14 .36 .15 .07
(-.07 .33} { .07 .59} {-.14 .42) {-.22 .35}

FR .21 .83 .61
{-.27 .61} { .73 .89) { .12 .86}

UK .13 .55
{-.20 .44} { .28 .74}

IT .56
{ .32 .73)

NOTE: The figures in parentheses are 95% confidence intervals (based on
estimates of the standard errors of the sample correlation coefficients
which were obtained using the method of Newey & West (1987), allowing for
10 autocorrelations). Sample peried is 1971:1-1988:1 (1971:II-1988:1 for
statistics based on growth rates).
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TABLE 17.-- CROSS-COUNTRY CORRELATIONS OF DETRENDED GROSS FIXED CaPITAL
FORMATION

JA FR UK iT CA

(a) Cross-country Correlations of Quarterly Growth Rates of Gross Fixed
Capital Formation.

us .27 .15 .12 -.03 .12
{.05 .47) {-.12 .43) {-.06 .31} {(-.28 .21} (-.25 .47}

JA .46 42 458 .13
(.29 .60) {.21 .60} {.31 .83} {-.03 .33

R .39 31 .35
{.05 .65} {.19 .42} {.18 .50)

UK .09 .11
{-.11 .28} {-.08 .32}

IT . .29
[.05 .49)

(b) Cross-country Correlations of Linearly Detrended Logs of Quarterly
Gross Fixed Capital Formatiomn.

Us L43 .26 .4l .64 -.00
{.09 .68} {-.20 .63) {.00 .70} {.38 .80} {-.49 .48)

JA .57 72 45 .07
{.13 .82} {.48 .86} {.03 .74} {-.31 .45)

FR vEA .37 .67
(.46 .88} {-.08 .70} (.43 .82)

UK .39 .33
{-.09 .73} {.00 .60

iT .25
{-.32 .70}

NOTE: The figures in parentheses are 95% confidence intervals (based on
estimates of the standard errors of the sample correlation coefficients
which were obtained using the method of Newey & West (1987), allowing for
10 autocorrelations). Sample period is 1971:1-1988:1 (1971:11-1988:1 fox
ctatistics based on growth rates).

93



TABLE 18.-- WITHIN-COUNTRY CORRELATIONS CF DETRENDED TOTAL PRIVATE
CONSUMPTION AND EMPLOYMENT

(a) Within-country Correlations Between Detrended Citibage/ILO Hours Measurs
and Total Private Consumption.

growth rates linearly detrended logs
Us .43 (.21 .60} .69 (.47 .82}
JA 36 (.04 .862) -.15 {-.59 .36]
FR .01 (-.19 1223 -.42  (-.653 -.11}

(b) Within-country Correlations Between Employment Measure £from
International Financial Statistics (IFS) and Total FPrivate Consumption.

growth rates linearly detrended logs
us .38 (.19 .55} .56 { .21 .78}
JA .01 {-.23 .253] -.45 (-.79 .08)
TR .03 (-.20 .25} .28 {-.07 .57}
IT J120 (-.02 .27 .70 (.42 .86}
CA L2000 (-.05  .43) .70 { .54 .82}

NOTE: The figures in parentheses are 5% confidence intervals (based on
estimates of the standard erroxrs of the sample correlation coefficients
which were obtained using the method of Newey & West (1987), allowing for
10 autocorrelations). Sample period 1is 1971:1-1988:1 (1971:11-1988:1 for
statistics based on growth rates).
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TASLE 16.-- CROSS-COUNTRY CORRELATIONS OF DETRENDED SOLOW RESIDUALS

(a) Cross-country Correlations of Growth Rates of
constructed Using Citibase/ILO Hours Data.

Solow

Residuals,

JA FR

Uus .33 .08
(.00) {.186)

Ja .19
(.00)

{b) Cross-country Correlations of Linearly Detrended Log Solow Residuals,

Constructed Using Citibase/I1LO Hours Data.

JA .19
(.00)

Ja FR

us A -.18
(.00; (.79

JA -.12
(.86)

(¢) Cross-country Correlations of Growth Rates of Solow

Constructed Using IFS Employment Measure.

Residuals,

Ja FR IT CA

us .30 .30 .21 .11
(.00) (.00) (.01 (.13)

JA .32 -.01 -.02
(.00) (.37) (.60)

FR 48 .04
(.00) (.32)

IT .26
(.05
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TABLE 19-- continued

(d) Cross-country Correlations of Linearly Detrended Log Solow Residuals,
Constructed Using IFS Employment Measure.

JA FR T CA

Us 16 26 45 60
(.24) (.02) (.00) (.00)

Ja .52 18 -.20
(.00) (.06) (.88)

FR ' .56 .13
(.00) (. 88)

T 17
(.16)

NOTE: The figures in parentheses are p-vaiue for one-sided test of null
hypothesis that cross-country correlation is zero (the p-values are based
on estimates of the standard errors of the sample correlation coefficients
which were obtained using the method of Newey & West (1987), allowing for
10 autocorrelations). Sample period is 1971:1-1988:1 (1971:1I-1988:1 for
scatistics based on growth rates).

Solow residual (8): ln(S)-ln(GNP)-n*ln(K)-(l-n)*ln(L).
K: capital stock. L: hours. n=0.35 used in this table.
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TABLE 20. TRIVARIATE AR(Ll) MCDELS FITTED TO DETRENDED SOLOW RESIDUALS IN
THE US, JaPaN AND FRANCE

(a) Trivariate AR(l) Models Fitted to Crowth Rates of Solow Residuals.

0.04 0.13 -0.17 1
(0.47) (1.87)  (-1.3%)
REC= 0.08 0.26 0.14
(0.60) (1.44)  (-0.56)
-0.05 0.06 .0.01
L(-O.A?) 0.75)  (-0.11)]
C o 07%10°° 2.13%#107° 0.34%107° ]
(6.56) (1.83) (0.74)
Vo §.29%107°0 1.19+%10°°
(2.40) (3.04)
4.40*10'5
I (5.67)

(b} Trivariate AR(L) Models Fitted to Linearly Detrended Logs of Solow
Residuals.

[ 0.85 0.04 -0.11 1
(13.15) (0.53)  (-1.98)
REO= 0.03 0.83 0.16
(0.58) (5.06)  (-3.02)
0.04 0.01 0.90
| 0.82) (0.36)  (20.52).
F 4 7641070 2.03%107°  0.30%107° ]
(6.59) (1.67) (0.71)
V= 7.72*10'5 0.95*10'5
(2.05) (2.13)
_ 4.00%10"°
] (11.06)
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TARLE 20.-- contlnued

NOTE:

Sample pericd is 1971:11-1983:1 (1971:II1-1988:1 for statistics based on
growth rates).

The Solow residuals used for this table were constructed using the hours

Citibase/IL0 hours data, assuming an elasticity of output with respect to
capital of n=0.35.

T J
Let Xt—(xis,xtA, ng)’ be the vector of detrended Solow residuals in the

Us, Japan and France.
The following model is estimated:

- *®
K ~RHO*K  +e ., (A.2)

where RHO is a 3x3 matrix and €. is a random variabie of dimension 3x1

with covariance matrizx V=En¥p'.

The tables report estimates of RHO (obtained using OLS for each equation in
(A.2)) and of the covariance matrix of € t-statistics for these estimates

are in parentheses.

As first differences of log Solow residuals have non-zero means in the
data, (A.2) was estimated using deviations of the first differences from
their respective sample means.

The adjusted R2 coefficients for the AR(1l) model fitted to growth rates of
Selow residuals are 0.01, 0.05 and -0.02 in the first through third
equations of the model and the Box-Pierce Q statistics (with 25 degrees of
freedom) for these equations have the following p-values: 0.99, ©.98 and
0.84.

For the AR(1l) model fitted to linearly detrended log Solow residuals, the

corresponding R2 statistics are 0.79, 0.73 and 0.82 respectively and the
Box-Pierce Q statistics have the following p-values: 0.99, 0.94 and 0.79.
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TABLE 21.-- NOTATION FOR TABLES WITH SIMULATION RESULTS

i, i in i.1-9
= *® * -
alegbeh) et

- e
L A
g_: additive shock;
i_ 1 i,
Y5 T B
5
c e consumption of country ‘i’ with incomplete asset markets;
-1 . cyos
et consumption of country ‘i’ in presence of complete asset markets;
i , . cq s .
Vc: expected life-time utility of country i;
i 3 - g r
Ic: gross investment in country "1°;

i s
TB : trade balance of country 1 (incomplete asset markets).

“

B(u): B evaluated at steady state value of period utilitcy function.

(38/8u)*(u/p) : elasticity of B with respect to instantaneocus utilicy,
evaluated at the steady state;

d : depreciation rate of captal stock;

v : g/y (g: steady state value of additive shock};

RHOB: autocorrelation matrix of multiplicative technology shocks;
RHOg: autocorrelation matrix of additive shocks;

VH: covariance matrix of innovatioms to multiplicative technology shocks;

Vg: covariance matrix of innovations to additive shocks.
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TABLE 22.-- SIMULATION RESULTS: FIXED LABOR SUPPLIES, MULTIPLICATIVE
TECHNOLOGY SHOCKS. VARIATIONS IN THE  INTERTEMPORAL ELASTICITY  OF
SUBSTITUTION
. a=2 a=3 a=5 g=7
std(e)) 0.37 0.22 0.19 0.19
std(ii) 0.29 0.17 0.14 0.13
std(It) 2 .42 2.67 2.73 2.74
1]
corr(ct,ct) 0.21 0.20 0.03 -0.07
corr{Vi,V%) -0.66 -0.72 -0.77 -0.80
corr(yt,yi) 0.00 0.00 0.01 0.21
corr(zt,zi) 1.00 1.00 1.00 1.00
corr(TBt,y;) 0.68 0.69 0.69 0.69

NOTE:

RHng

Standard deviations are relative to standard

Corr:

[

0 g] vfﬁg i] (88/3)*(u/B)=-0.

correlation.
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1: B(ut)=0.99; n=0.35;

= . 0;

d=0.025.
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TABLE 23.-- SIMULATION RESULTIS:

TECHNOLOGY  SHOCKS. VARIATIONS IN

THE

FIXED LABQR SUPPLIES, MULTIPLICATIVE

STEADY STATE RATE OF TIME
PREFERENCE
. 3=0.93 3=0.95 8=0.97
sza(c)) 0.41 0.37 0.34
s:d(ét) 0.29 6.27 0.25
std(I;) 6.65 5.30 3.91
L
corr(ct,c_) 0.05 .09 Q.13
corr (v vy .0 69 -0.68 -0.68
oVl . . )
corr(yt,yi) 0.01 0.00 0.00
14
corr(I.,11) 1.00 1.00 1.00
i1
corr(TB_,y.) 0.65 0.66 0.67
NOTE :
o

¢ o], 1
Rﬂoa’[ o 0o ]' Vg [o

Standard deviacions are relative to standard

Corr: correlation.
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TABLE 24.-- SIMULATION RESULTS:
TECHNOLOGY SHOCKS.

VARTIATIQNS

FIXED LaBCR SUFPPLIES,

MULTIPLICATIVE

IN SERIAL CORRELATION OF SHOCKS

std(ci)
std(éi)
s:d(Ii)
corr(ci,ci)
corr(Vi,Vi)
corr(yi,yi)
corr(1l, 1))

i i
corr(TBt,yt)

p6-0.25
G.

0

13,

'
o

45

.34

03

.18

.53

.02

.93

.26

p,=0.50
.55

0

0

13,

.4l

72

L1l

.23

.11

.97

14

p9-0.90
Q.

0.

13.

94

50

40

.17

.83

.24

.97

04

NOTE:

e 0 . - i
w1 0]

il

(38/8u)*(u/By=-0.10; B(u)=.99;0=2; n=0.35.

1=0.0;

d=0.025.

Standard deviations are relative to standard deviation of output (¥).

Corr: correlation.
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TABLE 25.-- SIMULATION RESULTS: FIXED LABOR SUPPLIES, ADDITIVE
SHOCKS . VARIATIONS IN THE INTERTEMPORAL ELASTICITY OF SUBSTITUTION

g=2 g=3 o=5 a=7
scd(ci) 9.30 0.22 0.19 0.19
std(éi) 0.29 - 0.17 0.14 0.13
std(Ii) 242 2.67 2.73 2.74
corr(ct,ci) 0.21 0.20 0.03 -0.07
corr(Vi,Vi) -0.66 -0.72 -0.77 -0.80
corr(yL,yly  0.51 0.60 0.01 0.02
corr(qi,qi) 1.00 1.00 1.00 1.00
corr(IL, 1))  1.00 1.00 1.00 1.00
corr(TBL,yD)  0.68 0.69 0.69 0.69

NOTE:

o 0 1 0
20 _[ ]; - ,[ ]; (88/5u)*(u/B)=-0.10; B(w)=0.99; 7=0.35;
g | 0 0 g [0 1 +=0.0; d=0.025.

Srandard deviations are relative to standaxrd dev. of y.
Corr: Correlation.
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TABLE 26.-- SIMULATION RESULTS: FIXED LABOR SUPPLIES, ADDITIVE
SHOCKS. VARIATIONS IN THE STEADY STATE RATE OF TIME PREFERENCE

8=0.93 5=0.95 4=0.97
std{ch) 0.41 0.37 0.34
std(&;) 0.29 0.27 0.28
szd(1h) 6.65 5.30 3.91
corr(ct.cdy 0.05 0.09 0.13
T T
corr(Vi,Vi) -0.69 -0.68 -0.68
corz(y.,yl) 0.01 0.00 0.00
corr(qt,q%) 1.00 1.00 1.00
corr(Ii,Ii) 1.00 1.00 1.00
i1
corr(TB;,y.) 0.65 0.66 0.67

NOTE:

RHO = 0 0 V= Lo 1 (8B/3w)*(u/8)=-0.10,; o=2; n=0.35; d=0.023.
g 0 0 g 10 1 4=0.0;

Standard deviations are relative to standard dev. of y.
Corr: Correlatiom.
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TABLE

97 . SIMULATION RESULTS: FIXED LABOR SUPPLIES, ADDITIVE
SHOCKS . VARIATIONS IN SERIAL CORRELATION OF SHOCKS
p =0.25 -0.50 -0.90
L 8 Pg g
std(c ) 0.47 0.62 1.32
std(e) 0.37 0.48 0.94
std(IT) 2.19 1.86 0.00
corr(c;,ci) 0.20 0.19 0.00
corr(Vt,Vi) -0.66 -0.64 -0.56
corr(yt,yi) 0.01 0.02 0.00
i ]
corr(qt,qt) 1.00 1.00 1.00
i3]
corr(I-, 1) 1.00 1.00 1.00
Tt
i i
corr(TBt,yt) ‘]0.66 0.63 0.45
NOTE:
RHO -{ Pe © ]; v =[é 2]; 38/5w)* (u/B)=-0.10; B(w)=0.99; a=2;
5 Pgl B y=0.0; n=0.35;  d=0.025.

Standard deviations are re

Corxr:

tive to standard dev. of y.

la
Correlation. ‘
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TARLE 28.-- SIMULATION RESULTS: VARIABLE LABOR SUPPLIES

(1 Cross-country Correlation of Consumption

els=0,1 els=0.95 els=1 elsg=?

o=1.1 .30 .36 .40 .43
1.99] [.97] [.92] [.82]
g=2 .27 .24 .18 .02
{.g98] [.81] [.52] (.07]
o=3 .23 .19 .10 -.09
1.98] [.73] [.35] [-.13]
g=5 .21 .16 .05 -.17
{.98] [.67] [.231 [-.27]
a=1 .20 .14 .02 -.20
r.971 [.64]) [.181 [-.33]
(i1) Correlation of Consumption and Hours Within

the Same Country

els=0.1 els=0.5 els=1 els=2
o=1.1 11 14 17 23
[.18] [.22] [.26] [.32]
o=2 .36 46 .55 67
[.26] [.47] [.62] [.77]
om3 42 .53 63 75
(.29] [.54] (.71} [.85]
o=5 46 .58 .69 .80
[.31) [.58] (.76] [.89]
o7 47 .60 71 .82
C1.32) [.60] [.78] [.90]
_ 0.9 o07. 1 0.2].
NOTE: Rﬁos'[ 0 0.9]' Vg [0.2 1 ]’

B(u)=0.99; (38/3u)*(u/f)=-0.1; 4=0.0; n=0.35; d=0.025.
elssa/(a*u2+(a-l)*ul) (elasticity of labor supply).

Numbers not in brackets: correlations in economy with incomplete asset
markets.
Numbers in brackets: correlations in economy with complete asset markets.
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