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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 international
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

subjective rate of time preference and ’UE+T’ 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:

i=n, i,i _ 1 n i=n i_.* :
Max Ei=1h VO by choice of Cyre-rCy s.t. Ei=1ct—ct for all periods t=z0.

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, conditlon (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 *[(3 yteul (clvarcl )+(p

)} {where a is a constant),

i
t+1

Juf g3y tead” (Irared It e g I (o) sared
A (8Y) *u (ct+a ct_1)+(B ) a Etu (ct+1+a ct).

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

l)t+1“'a*Etul'(c +a’ci)]=

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

ie. 1 ot pdscd 1oy

Ci_q=K +B ct_1+ln(B /8°) t+nt, {N.3)

o from these expressions into (N.2) yields:

B

~ 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)*In(e, ooyt =« Jsin(gd/8hy*te (@3- *1mle)) oIl ).
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

abs gly Eeulesade (gd) brud wry (2.6)
holds where Ri’j 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 respectlve consumption goods: let pt and pi

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 more 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 productioq{ (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:

i

leral tx i i - Jerad Lo d J v i,J
AT*(BT) und(ndt’st) AT (R und(ndt,st) RNDt . (2.9 a)

1¥j‘t¥l 11=J; jt*j jjuiaj
and A T*(B7) us(ndt,st) AC*(B) 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)
(1ii) The model with two country-specific consumption goods:
(e'-1)*1n(nd}) 4t *1n(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.

17



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.
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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.
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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).

30



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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