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Abstract

The paper investigates the role of the real exchange rate in international risk sharing
relationships. The real exchange rate introduces a wedge between real marginal utilities
of consumption in different countries and this wedge plays a prominent role in a number
of new theories of international fluctuations. Yet, the role of the real exchange rate
has been ignored in many previous studies of risk sharing. The paper shows that the
risk sharing hypothesis is rejected for a panel of OECD countries and that it is the
introduction of the real exchange rate that allows one to reach robust conclusions. In
particular, while foreign consumption often enters significantly into the risk sharing
relationships, the real exchange rate is rarely significant. Special attention is also paid
to the analysis of non-separabilities in the utility function including effects of money
balances, leisure, government spending, and habit persistence. The results are also
shown to be robust to decomposing consumption.
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1 Introduction

An important issue in international macroeconomics and finance is the degree to which inter-
national financial markets help countries insure their consumption streams against idiosyn-
cratic fluctuations in the economy. When agents are risk averse they would wish to smooth
consumption over time and accessing international financial markets provides a means for
facilitating such smoothing. When countries face few restrictions on international borrow-
ing and lending, and when there are sufficiently many contingent claims contracts available,
access to international financial markets can lead to risk sharing relationships. Risk sharing
refers to situations in which a group of countries pool parts of or all of the idiosyncratic
risk that they face. When there are fewer contingent claims contracts available, agents may
still smooth their consumption but may not necessarily be able to pool all of the idiosyn-
cratic risk. Nevertheless, even if there are only non-contingent bonds available, integration
of financial markets will generally lead to equalization of expected nominal marginal rates
of substitution of consumption across countries and states of natures (or a subset of these).!
This principle is now incorporated into most international macroeconomic models.

The empirical evidence in favor of this principle and the stronger implication of risk
sharing is, at best, not convincing. A number of studies have examined the risk sharing
proposition empirically (see among many others, Canova and Ravn, 1996, Crucini, 1999,
Head, 1995, Kollmann, 1995, Lewis, 1996, 1999, Obstfeld 1989, 1994, Pakko, 1998, and
Sorensen and Yosha, 1998).2 While these studies differ in the data that is examined, in
the precise nature of the risk sharing relations, and in the empirical techniques, the studies
generally find evidence against the risk sharing hypothesis. Consistent with these studies is
the observation, and puzzle, in the international macroeconomic literature that cross-country
consumption correlations are low in the data while most standard macroeconomic models
imply large and positive correlations, see e.g. Backus, Kehoe and Kydland (1992, 1995).

This evidence has lead researchers to develop new theories that can account for these
features of the data. One currently popular strand of literature in the international macro-
economics area stresses the importance of fluctuations in real exchange rates. Among oth-
ers, Betts and Devereux (1996, 2000), Kollmann (1996), and Chari, Kehoe and McGrattan
(1998) have constructed international business cycle models in which the Law of One Price
(the LOP) for traded goods fails to hold because of so-called Pricing-to-Markets (PTM),
see Lane (1999) for an excellent survey.> Models with such features have claimed success
in accounting for fluctuations in real exchanges and in accounting for the pattern of cross-
country comovements of consumption and output. At the intuitive level, if all countries can
borrow and lend at the same nominal interest rate, fluctuations in real exchange rates give
rise to variations in real interest rates across countries that are associated with intertem-
poral re-allocations of marginal utility of consumption. Hence, such deviations from PPP

"Whne there is a complete set of contigent claims markets instead, the full risk sharing obtains and
nominal marginal utilities of consumption will be equalized - apart from a constant term reflecting initial
wealth - across countries, time and states of nature.

2Some studies have also analyzed the risk sharing hypothesis across regions, see e.g. Asdrubali, Sorensen
and Yosha, 1996, or Hess and Shin, 2000.

30ther researchers have introduced similar features through non-traded goods and sticky wages, see e.g.
Obstfeld and Rogoff, 1999.



introduce a wedge between the marginal utilities of consumption in different countries and
therefore leads to modifications of the risk sharing relationships. This mechanism has im-
portant implication for many issues including monetary policy, see e.g. Devereux and Engel,
2000.

The purpose of this paper is to look further into this mechanism. In particular, we inves-
tigate empirically the evidence on the integration of financial markets allowing for violations
of the LOP and PPP through variations in real exchange rates. Given the overwhelm-
ing evidence of substantial and persistent fluctuations in real exchange rates it would seem
important to take this aspect into account when testing for risk sharing or integration of
financial markets. Yet with the exception of Obstfeld (1989), Backus and Smith (1993),
and Kollmann (1995) most tests of risk sharing and financial market integration have either
implicitly assumed that PPP holds (e.g. Canova and Ravn, 1996, Crucini, 1999, Sorensen
and Yosha, 1998) or have made corrections for real exchange rate fluctuations that may
not always appropriately take the effects of real exchange rate fluctuations into account (for
example through the use of PPP-adjusted data).

We make the assumption that asset market are incomplete but that all countries can
borrow and lend at the same nominal interest rate. In this case of integrated financial market
agents’ optimal behavior imply that the expected nominal marginal rates of substitution in
consumption are equalized across countries. However, the real marginal rates of substitution
will in general not be equalized because of movements in real exchange rates. We test
the hypothesis empirically following Obstfeld (1989) and the results extend those reported
by Obstfeld (1989) and by Kollmann (1995) in a number of directions. First, we analyze
data for a large cross-section of OECD countries. Secondly, we look at the stability of the
results across different types of sample periods, and the data period under consideration is
substantially longer than in those earlier papers. Thirdly, we devote special attention to the
effects of non-separabilities in the utility function. As candidates for non-separabilities, we
introduce leisure, government spending, and real money balances. We also check if the results
are sensitive to non-separabilities between different types of consumption goods and separate
consumption into durables, semi-durables, and services. Fourthly, we also investigate the
effects of habit persistence, a phenomenon that has attracted a great deal of attention in the
closely related literature in empirical finance on asset pricing.

Our results does not fully support the hypothesis of integrated bond markets. In par-
ticular, when we test for the theoretically implied relationship between consumption growth
differentials and the change in the real exchange rate, we find that while foreign consumption
growth is often significant in these relationships, the real exchange rate consistently lacks
explanatory power. The latter result is shown to be robust. Only when one imposed that
preferences are identical across countries does one find a significant role for the real exchange
rate, but the parameter restrictions that are imposed by this restriction are strongly rejected
by the data.

Thus, the role of the real exchange rate is crucial in testing for risk sharing and integration
of financial markets, but rather than helping bridging the gap between theory and data, it’s
lack of explanatory power puts some doubt on the theory. Given the crucial role that the real
exchange rate plays in the newly developed international macroeconomic models built on
deviations from PPP, this result questions the empirical relevance of these theories. However,



the result does not mean that there is no link between exchange rates and consumption. In
particular, it is still possible that consumption might help forecasting real exchange rates
and, indeed, other researchers have found this to be the case, see e.g. Apte, Sercu and
Uppal (2000) or Head, Mattina, and Smith (2000). However, the results show that the
parameter restrictions in the relationship between these variables imposed by theory is not
fully supported by the data.

The paper is organized as follows. In the next section we outline a simple model of
consumers’ choices meant to highlight the link between consumption and real exchange rates.
In Section 3 we examine the empirical evidence on integration of financial markets. Section
4 carries out an extensive sensitivity analysis. Finally, Section 5 concludes and summarizes.

2 Some Theory

We start by deriving the conditions that will be tested empirically in the next section using
a set-up that is sufficiently rich that we can derive fairly general results.

The economy consists of N countries indexed by ¢ = 1,.., N. For ease of presentation
we initially set N = 2 but all results extend to any number of countries. Each country is
inhabited by a single infinitely lived representative consumer with rational expectations that
maximizes expected discounted lifetime utility. The intertemporal preferences are given by:

o
Vie = Etzps_tU (CisaXis) (1)
s=t
where p is the subjective discount factor, U is increasing and concave, and Cj, is a con-
sumption index and X, denotes all non-consumption components that affect utility. The
consumption index is made up of consumption of at least two different goods:

Cis = C (CL,, C2) (2)

where C'is an increasing, homogeneous, and concave function. Any number of goods can be
allowed but two suffices for our purposes. Good j is sold in i at the price P/ in currency i
in country i. From the consumption index we can define a consumer price index for each
country, Q;s (P}, P?) and the bilateral real exchange rate as RY = €;,Q;s/ (€i5Qis)-

The consumers face a sequence of budget constraints:

1 1
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where PPZ is the price of a one-period zero coupon non-contingent nominal bond denominated
in the currency of country 1 (the numeraire currency), By, is the number of nominal bonds
held at the start of period s, e;, is the nominal exchange rate between currency ¢ and currency
1, M;s is beginning of period money holdings, and Y;, is nominal net income. Agents are
assumed to take exchange rates, bond prices, goods prices and at least some component of
their income for given. To be concrete we will think of these variables as being exogenous



stochastic processes.*

Consumers maximize (1) subject to the sequence of constraints given by (3). The in-
tertemporal problem involves finding the solution to:

V (Bis, M;s) = max (U (Cis, Xis) + pEsV (Bits1, Mist1)) (4)

subject to (3). Solving this problem leads to the following Euler equation for the consumer
in country :
1 Uc CisaXis 1 Uc Cis 7Xis
_PSB ( ) — pEs ( +1 +1) (5)
€is Qis €is+1 Qist1
where U, = 0U/90C is the marginal utility of consumption. Since all countries face the same
nominal interest rate, we find that:

€is Qis Uc (Cis+17Xis+1> o E ejs st Uc (st+17st+1> (6)
€is+1 Qis—H Ue. (Ci87 Xis) P S€js+1 st+1 U. (st, st)

This condition states that expected nominal marginal rates of substitution are equalized
across locations and is implied by the assumption of integrated bond markets. If we instead
assume had assumed that there was a complete set of contingent claims markets, a similar
relationship would hold between the ratio of marginal utilities and the real exchange rate
which would be equalized apart from a constant reflecting the distribution of initial wealth.
The relationship above is based on smoothing consumption through international borrowing
and lending and we have not allowed for a full set of financial instruments that allow agents
to share completely all the risk associated with idiosyncratic risk. Nevertheless, it still follows
that condition (6) is still valid even if there is a complete set of contingent claims markets
(but the reverse is not true). Engel (2000) shows in a setting with no international borrowing
and lending that consumption growth differentials will equal real exchange rate differentials
which is observational equivalent to the risk sharing condition if utility is logarithmic (see
also Cole and Obstfeld, 1991). However, the observational equivalence hinges on a number of
assumptions including the absence of trade in capital goods and the lack of any international
loans markets.

It is worth noting that to derive the condition we require only that there are no restrictions
on borrowing and lending, and that consumers maximize intertemporally. The condition
may fail in conditions of more general financial markets imperfections.. For example, in the
case of (endogenous or exogenous) borrowing constraints, agents may be restricted in their
borrowing and lending and when such constraints are binding nominal marginal rates of
substitution would not equalize across agents. Hence, we will proceed under the assumption
of integrated financial markets in the sense that there are no restrictions on borrowing and
lending. Notice also that we have not assumed the law of one price or purchasing power parity
to hold. Prices of identical traded goods may differ across countries due to e.g. transactions
costs or pricing to market so that the law of one price is violated. Alternatively PPP may
be violated because consumer price indices are country specific, or one of the two goods in

pE;

4Obviously income may contain endogenous as well as exogenous components. However, for our purposes
all that is required is that at least some components of income is exogeneous.



question might represent non-traded goods. In any of these cases PPP would be violated
but the condition linking expected nominal intertemporal marginal rates of substitution of
consumption condition still applies.

In cases where PPP is violated, real marginal rates of substitution will not equalize
across countries. Thus, real consumption growth rates will in general differ across countries
since expected real interest rates - which determine real marginal utility growth - differ
internationally when PPP is violated.

To come up with easily testable implications we make functional assumptions. We assume
that the intertemporal utility function is given by:

1

U(Ci X)) = 7= ([W (.. X)'™ ~1]) (7)

where o; > 0 (to assure concavity) and W is assumed to be given by:

w(Cl,c?) = [wl (€)™ (cf) T } T o axy (8)

where 7 is the (constant) elasticity of substitution between C* and C? and wj is a preference
weight. Notice while we allow for different attitudes towards risk, we have not allowed for
differences in the subjective rates of discounting, p. The reason for this is that differences
in p across countries would lead to trends in relative consumption over time with the most
patient country consumption an ever growing share of aggregate (world) consumption, an
implication that does not appear very appealing.

Given the assumptions made on preferences, equation (6) can be formulated as:

—0; i(l—o; —0; i(1—0;)
BE, Qu_CifiXii ): Gt Qe CpaXjily ” 9)
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Since this is a non-linear equation, a test would require us to use a non-linear estimator,
for example GMM as in Kollmann (1995) or Canova and Ravn (1996). We take an alternative
approach and make further statistical assumptions that allow for a more standard estimator.

Specifically, we follow Obstfeld (1989). Denote the econometrician’s information set by
I? and assume that this information set consists of present and past values of observation of

.. ’
the vector z; = (Acit, Acj, Az, Axje, Ngi, A (q_jt + ey )) , where lower case letters denote

logarithms, e = et —eit, and A is the first difference operator. Next, define the conditional
expectation Efzg as E (z4]I7) where I} is a subset of the agents’ information sets. Due to the
law of iterated expectations, the condition in (9) holds also conditional on the information
set I7. The vector of stochastic variables 2, is assumed to be generated by the following
vector stochastic process:

21 = Ao+ A(L) 2 + pluya (10)

where Ajg is a vector of constants, A (L) is a lag polynomial, and ;1 is a vector of covariance
stationary normally distributed stochastic variables.

From this it follows that z; is normally distributed and, thus, that the “growth” compo-
nents are log normally distributed. Using this assumption and defining for any variable my



the “expectational error”: nt, = EfAmyiq — Amyyq (which by construction is uncorrelated
with the econometrician’s information set) we get that:

ACZ'tJrl = )\ij + ﬁACjt+1 + ;Artil (11)

+% (1= 0i) vilzir1 — (1 = 05) v A%je41) + 1

1

where Ar? = Ae + Agji+1 — Agiq1 is the real depreciation of the bilateral exchange
rate and n; = 0y — niiy iy + i — ngl;. This relationship forms the basis for our
empirical tests. It states that the expected growth rate of consumption is equalized across
countries apart from: (i) Effects of differences in the elasticity of intertemporal substitution
in consumption, (ii) real exchange rate fluctuations, and (iii) cross-country variations in the
growth rate of the component Xj;.

Notice that the coefficient on “foreign” consumption growth is the ratio of domestic to
foreign intertemporal elasticity of substitution in consumption and that the coefficient on
the real exchange rate is simply the domestic intertemporal elasticity of substitution (hence,
both o; and o; are identified). Given that we require the utility function to be concave, both
parameters must be positive.

The tests, thus, include the following conditions: (i) The conditional expectation of
Ney1 should be orthogonal to the information set, and (ii) the real exchange rate and the
“foreign” consumption growth rate should both be significantly positive. Rejection of any
of these conditions is formally a rejection of the hypothesis.

In estimating and testing these relationships equation (11) can be estimated on a country-
by-country basis using an instrumental variables estimator (using as instrument lagged values
of the dependant and the independent variables as instruments given the assumption in
equation (10)). However, when dealing with more than two countries we see that the error
terms will be correlated across equations. Hence, one can gain efficiency by applying a SURE
estimator. We will use both country-by-country estimations and system estimations since
one problem with the latter is that the number of instruments quickly becomes very large
thus giving rise to a very limited number of degrees of freedom. In particular, we apply the
SURE estimator (with instrumental variables) only for the set of countries for which we have
sufficiently long sample periods.

Another empirical issue is the choice of partner country. In particular, if the non-
consumption variable represents non-observable taste shocks then Obstfeld (1994) have ear-
lier proposed to estimate these relationships using aggregate “world” consumption as the
right hand side variable. Assuming that there is a complete set of asset markets and that
all countries have identical preferences, Obstfeld (1994) shows that this specification low-
ers the negative bias on the slope coefficient on foreign consumption. It is straightforward
to show that a similar negative bias can occur under the incomplete markets, and that
the slope parameters on foreign consumption and the real exchange rate will be negatively
biased in country-by-country regressions but consistent in regressions involving aggregate
consumption.” However, it is worth stressing that this result relies on the assumption of

5Derivations of these results are available upon request.
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identical preferences across countries. Furthermore, in the case of real exchange rate fluctu-
ations, this approach faces the problem that while it is simple to define “world” or “aggre-
gate” consumption, it is hard to define a corresponding measure for the real exchange rate.
Nevertheless, we will also experiment with such specifications.

2.1 Discussion

The large majority of papers that have empirically tested international risk sharing have
implicitly or explicitly assumed that PPP holds and most of these studies have concluded
against the risk sharing hypothesis, see e.g. Canova and Ravn (1996), Sorensen and Yosha
(1998)8, or Crucini (1999). Such conclusions have been drawn using many different empirical
techniques and a variety of different data sets. However, given the large amount of evidence
that have documented large and persistent fluctuations in real exchange rates, the analysis
above indicates that many of those tests may have suffered from serious problems of mis-
specification.

Some studies have implicitly allowed for deviations from PPP in empirical tests of the risk
sharing hypothesis by using “PPP-adjusted data” (see e.g. Lewis, 1996, 1999, or Obstfeld,
1994). PPP-adjustments of the data amounts to a linear correction for real exchange rate
variations implemented by measuring different countries’ consumption in a common price
level.” It is interesting to note from above that such PPP-adjustments would fail to take the
effects of real exchange rate fluctuations correctly into account unless utility is logarithmic
(c=1).

As far as we know, Obstfeld (1989) was the first to derive and test the relationship between
consumption growth rates and changes in real exchange rates implied by integrated bond
markets in settings where PPP does not hold and the derivation above is parallel his. We also
follow Obstfeld’s (1989) empirical approach in deriving the instrumental variables estimator
although he formally estimated the relationships using the real exchange rate as the left
hand side variables while we formulate the relationship instead in terms of the relationships
between consumption growth rates when taking real exchange rate fluctuations into account.
More importantly, our study extends Obstfeld’s (1989) earlier study by extending the length
of the data set, the number of countries under consideration, and by rigorously checking for
robustness of the results.

Perhaps the paper is most closely related to Kollmann (1995) who studied exactly the
implications from the relationship between consumption and real exchange rates that we have
derived above. Kollmann (1995) looked at two types of tests of the risk sharing condition.
First, making the assumption that asset markets are complete, he tested whether there is
a co-integrating relationship between the real exchange rate, domestic consumption, and
foreign consumption and found evidence against this using various alternative data sets (for
a panel of 6 OECD economies).® Kollmann also tested condition (9) using a GMM estimator

6These authors use a base year PPP adjustment but apply first differences in most of their analysis.

If we let country 1 be the base country, a PPP-adjustment would imply that real consumption of other
countries would be measured as nominal consumption divided by the bilateral real exchange rate (the nominal
exchange rate times the ratio of foreign to domestic prices).

8Canova and Ravn (1996) find similar results but their tests ignore the real exchange rate.



but imposing that the non-consumption factor is constant. He found that this relationship
cannot be rejected. However, the tests performed in Kollmann (1995) impose a unitary
coefficient on the real exchange rate and its significance can therefore not be examined
separately. Furthermore, he found that the concavity condition was rejected in a number of
the country pairs that he looked at.

Our approach differs from Kollmann’s (1995) approach in several dimensions. First, we
use a different estimation technique which has better small sample properties. Secondly,
due to the formulation of the empirical tests proposed above, we can evaluate separately
the significance of the real exchange rate. Thirdly, we look thoroughly at the effects of
introducing natural candidates for the non-consumption factor. Fourthly, we investigate a
broader data set than that considered by Kollmann (1995).

The paper is also closely related to a an intriguing paper by Backus and Smith (1993).
These authors look at the relationship between consumption and real exchange rates in a
dynamic general equilibrium exchange economy with non-traded goods and derive essentially
the same risk sharing relationship as in the above section with two differences. First, Backus
and Smith (1993) assume complete asset markets. Secondly, these authors assume that the
law of one price holds for tradable goods but introduce real exchange rate movements through
non-traded goods. Backus and Smith (1993) examine the link between real exchange rates
and marginal utilities by graphically comparing the moments of real exchange rates and the
ratio of domestic to foreign marginal utilities. They find no clear cross-sectional relationship
between the moments of real exchange rates and marginal utilities in the data that they
examine and thus conclude against the theory. Our approach differs from theirs in several
dimensions. First, we adopt a more statistically founded approach than Backus and Smith
(1993) and we test formally whether the data supports the predictions of the theoretical
model. Furthermore, Backus and Smith (along with Head, Mattina, and Smith, 2000) assume
that countries have identical attitudes towards risk. We do not impose this restriction but
test it empirically instead. Secondly, the “tests” for equality of moments that Backus and
Smith (1993) focus upon, rest on the assumption that the non-consumption factor X is
either constant or enters into the preferences in additively separable manner. We examine
this point in great detail since there are good reasons to believe that non-consumption factors
are important. Thirdly, we examine a larger set of data covering longer periods of time and a
larger set of countries. Fourthly, we examine also a number of extensions of the basic model.

Apte, Sercu and Uppal (2000) and Head, Mattina, and Smith (2000) follow in the lines
of Obstfeld (1989) and test whether marginal utility helps forecasting real (or nominal)
exchange rates. The former of these paper do not relate the empirical tests too closely with
theory but finds that marginal utility helps forecasting the nominal exchange rate. Head,
Mattina, and Smith (2000) link their empirical analysis more closely with the theoretical
relationship as derived above. Head, Mattina, and Smith (2000) also find that real exchange
rates can be forecasted by marginal utilities.



3 Empirical Results: Basic Tests

We examine the relationship between consumption growth rates and the real exchange rate
changes derived above using quarterly data for 12 OECD economies, Australia, Canada,
Denmark, France, Italy, Japan, the Netherlands, New Zealand, Norway, Switzerland, the
UK and the US. The sample periods vary somewhat across countries and depends also on
the variable of interest. Details of the sample periods and measurements are given in the data
appendix. However, for all cases the earliest we start the sample period is 1960 quarter 1 and
in almost all cases the sample ends at 2000 quarter 1. Initially we measure consumption by
per capita private consumption in constant prices and real exchange rates by the bilateral
exchange times the ratio of foreign to domestic prices where prices are measured by the
implicit consumption deflators.® The consumption data are taken from the OECD quarterly
accounts; Exchange rates and population data are from the International Financial Statistics
published by the IMF.

As mentioned in the previous section we also examine the theoretical relationship be-
tween consumption growth differentials and changes in the real exchange rate using aggregate
OECD data. In this case we measure aggregate consumption as aggregate OECD consump-
tion in constant prices (and with a base year PPP adjustment). As for the above data, we
define the real exchange rate from the nominal exchange rate and the implicit consumption
deflators. However, in this application, there is no natural definition of the nominal exchange
rate. We use the nominal effective exchange rate as defined by the IMF using trade weights.
An alternative would be to use the real effective exchange rate rather than the nominal
effective exchange rate times the ratio of implicit consumption deflators. However, results
are practically identical and we report only results based on the latter measure.

3.1 Moments of the Data

Table 1 lists the sample cross-country correlations of the growth rates of per capita real
consumption. We find moderate cross-country correlations of consumption growth rates.
The highest correlations are in general observed between neighboring countries with close
links in trade in goods and financial assets such as Denmark-Norway or Switzerland-Italy,
where correlations are equal to 0.43 and 0.52, respectively. The finding of generally low
correlations square well with the conclusions in previous studies (see e.g. Backus, Kehoe
and Kydland, 1992, 1995, or Ravn, 1997). However, the present numbers do tend to be
slightly higher than those found in previous studies. The correlations with aggregate OECD
consumption growth are in general higher than those for the individual country pairs and
tend to indicate a quite close relationship with aggregate OECD consumption.

As we highlighted in the previous section, consumption correlations need not be perfect
even if countries can fully insure their consumption streams if there are fluctuations in real
exchange rates or in factors that affect the marginal utility of consumption. A simple way
to examine the role played by the real exchange rate is to check whether there is an obvious
(negative) relationship between the strength of the cross-country consumption correlation

9The results are practically identical if one uses consumer price indices rather than implicit consumption
deflators. Results are available from the author upon request.



and real exchange rate variability. Figure 1 illustrates the consumption correlations plotted
against the percentage standard deviation of the bilateral real exchange rate for the 66
individual country pairs in the sample. This plot does not give any clear answers since there
does seem to be a negative relationship between these moments but the rank correlation is
no higher than -0.24. Backus and Smith (1993) report a similar plot and find an even less
clear relationship in their data.

Table 2 reports percentage standard deviations of log first differences of real exchange
rates, nominal exchange rates, the price ratio, consumption levels and the ratio of domestic
to foreign consumption. We split the sample into the pre-1973 and the post-1972 period since
this coincides roughly with the end of the Bretton-Woods system (which affected exchange
rate behavior) and since Obstfeld (1994) has earlier found that financial market integration
has increased after 1973.

In the full sample real and nominal exchange rates defined against the US dollar have
been very volatile with standard deviations from 2 per cent per quarter (for the real Cana-
dian dollar) to above 6.5 per cent per quarter (for the real Swiss Franc and the New Zealand
Dollar). Consumption growth variability differs substantially across countries (with Switzer-
land having very smooth consumption growth rates and New Zealand being in the other
extreme). We also notice that relative price variability has increased substantially in the
post 1972 period but that consumption growth does not uniformly display higher or lower
variability in the post 1972 period.

For most of the countries in the sample the variability of the real effective exchange rate
is substantially smaller than that of the bilateral exchange rate vis-a-vis the US dollar and
the differences are substantial in some cases (e.g. Denmark, France, and the Netherlands).
Associated with the general tendency for lower variability of relative prices when defined
more broadly is also tendency for greater stability of the consumption growth differential.

Table 3 examines some correlations between these variables. For our purposes the most
interesting moments refer to the link between relative prices and consumption. Based upon
the previous section we would expect to see large positive correlations, but with the exception
of Australia and Japan in the Bretton-Woods period, we do not find any large positive
correlations.

3.2 Basic Tests of Financial Market Integration

We now proceed to the formal tests of (11). We first assume that utility is additively
separable in consumption and other factors, i.e. that ; = 0, so that our regressions take the
form:

N\iQj ij 0§ A el ij
N1 = A + « JAC]‘HJ + 3 JATiH-l + M

Given the structure of the errors, we estimate this relationship using instrumental vari-
ables. We recall that the estimate of 3% should give us an estimate of country #’s intertempo-
ral elasticity of substitution and the estimate of o/ should be equal to the ratio of domestic
to foreign elasticities of intertemporal substitution in consumption. Furthermore, these pa-
rameters must be positive and the integration of financial markets implies that the regression
errors should be orthogonal to the information set. We use as instruments lags 2 to 5 of
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domestic consumption growth, foreign consumption growth, and the real exchange rate'®.
We lag the instruments by two periods in order to take temporal aggregation into account.
Furthermore, to correct for residual serial correlation and heteroscedasticity we use robust
standard errors. Given that we employ 13 instruments to estimate the 3 structural para-
meters, we have 10 over-identifying restrictions that can be used to test the orthogonality
conditions implied by the theory (we compute T % R? for the regression of the estimated
errors on the instruments; This test statistic is x? with N, — N}, degrees of freedom where
N, is the number of instruments and N, the number of parameters that are estimated in
the condition).

The results are listed in Table 4. The table reports the coefficients on foreign consumption
growth and the real exchange rate and the significance of the orthogonality tests. We report
results both for j = US and for 5 = World, and we also look at sub-sample results
(splitting the sample at 1972 quarter 4). Finally, we report results for both country-by-
country regressions and for SURE regressions (the last 6 rows of the table) which takes
into account the cross-relation correlation structure in the regression errors. For the latter
results we focus upon the countries for which we have the longest sample periods due to
the large number of instruments that are used in these regressions.!’ For the country-by-
country regressions this implies that we look at data for Australia, Canada, Japan and the
UK (against the US), while for the regressions involving aggregate OECD consumption, the
system include Canada, Japan, the UK and the US.

We turn first to the country-by-country regressions. We foreign consumption growth to
be significant in a number of the cases: US consumption is significant at the 1 percent level
for Switzerland, at the 5 percent level for Canada and Japan, and at the 10 percent level for
New Zealand and the UK. However, the real exchange rate is insignificant in 9 out of the 11
cases and significantly negative in one case. Only for the country-pair Denmark-US do we
find a positive and significant estimate of 3 and here US consumption is insignificant. The
orthogonality conditions can in most cases not be rejected although this condition is rejected
very strongly for Japan and the Netherlands. Hence, the evidence is mixed and does not
fully support the condition derived on the basis of integrated financial markets given the
lack of significance of the real exchange rate.

When instead setting j = World, we find a greater tendency for significance of foreign
consumption, but again the real exchange rate is significant only for one country (in this
case the Netherlands). This result is interesting in its own right since standard tests of
integrated financial market and the risk sharing hypothesis would ignore the role of the real
exchange rate and thus could have concluded positively in favor of the hypothesis. The lack
of significance of the real exchange rate questions such conclusions and this insight is in line
with the evidence just presented for the bilateral regression against the US. We also notice
that the coefficient on aggregate OECD consumption tends to be substantially larger than

10Results based on using instruments lagged 2 to 9 periods are almost identical to those reported here.
These results are available from the author upon request.

1When estimating the relations with the SUR estimators we use lags 2 to 5 of the consumption growth
rates and of the real exchange rates for all the countries which the system is estimated. Thus, with 4 countries
in the system, we have 37 variables in the instrument list. This naturally leads to the requirement that the
number of observations is relatively large.
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the coefficient on US consumption in the bilateral regression which may indicate the negative
bias in  induced by endogeneity of the regressor highlighted by Obstfeld (1994).

When we investigate the stability of these findings over time we find mixed evidence in
favor of increased integration of financial markets since 1973. For the bilateral regressions,
we find that US consumption is significant at the 10 percent level only for the US-Canada
pair in the early sub-sample, but significant at the 10 percent level for the US-Japan pair
and at the 5 percent level for UK-US in the later sub-sample. This indicates, as documented
by Obstfeld (1994) evidence in favor of increased financial market integration. Nevertheless,
while the real exchange rate is estimated to be positive and significant for the US-Australia
pair in the early sub-sample, we find no significant positive estimates of 3 in the later sub-
sample. This contradicts the evidence on increased capital market integration. The evidence
from the regression involving aggregate OECD consumption growth are similar since we find
significance of « for all countries in the post-1972 period but in no case do we find a positive
and significant estimate of (3 is this sub-sample.

The results just discussed ignore the increase in efficiency that can be gained form taking
into account that the regressions errors are correlated across country-pairs. In the lower
part of the table we report the results from taking this correlation structure into account by
using a SURE estimator (in this case a three stage least squares estimator). As mentioned
above, we estimate the system for the set of countries for which we have sufficiently many
observations.

This gives rise to an increase in the significance of foreign consumption both in the re-
gressions involving the US and in the regressions involving the aggregate OECD. Specifically,
we now find significance of aggregate OECD consumption growth at the 1 percent level for
all four countries that we look at and at the 5 percent level or better for three out of the
four countries in the bilateral regressions against the US. Nevertheless, the real exchange
rate still remains insignificant.

It is worth recalling from the previous section that in order to go from the bilateral
regressions to the regressions involving aggregate world activity (meant to minimize the
endogeneity problem), we must impose that all countries have the same attitudes towards
risk. This restriction has also been imposed in other studies of the relationship between real
exchange rates and consumption, see e.g. Head, Mattina, and Smith (2000). To examine
this case we impose that the slope coefficients involving foreign consumption are equal to
1 (a¥ = 1) and that the slope coefficients on the real exchange rates are identical for all
countries (3% = [37). We can test these restrictions using a likelihood ratio test (with 7
degrees of freedom). We report the results of estimating these restricted systems of equations
for the full sample and the two sub-samples in the last three rows of the table.

The results are interesting. Imposing these restrictions leads to significance of the real
exchange rate in all three samples in the regressions involving the US. Furthermore, the
implied degree of relative risk aversion is not too unreasonable with a point estimate of
around 11 in the early sub-sample and 28 in the full sample and in the later sub-sample.
For the regressions involving aggregate OECD consumption, we find significance of § only
in the first sub-sample (with an implied risk aversion coefficient of around 6) but the point
coefficient estimate is positive in all three sub-samples. These results thus indicate much
more positive evidence in favor of the relationship between consumption growth differentials
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and real exchange rates implied by bond market integration. However, the problem with
this is that the parameter restrictions are very strongly rejected.

Thus, on this basis, the evidence questions the relationships between consumption growth
rates and real exchange rates given the general tendency of lack of significance of the real
exchange rate.

4 Sensitivity Analysis

We now proceed to examine the robustness of the results of the previous section. First,
we examine whether non-separabilities in the utility function may be important to take
into account. Secondly, we check if the results are due to the aggregation over different
types of goods. Thirdly, it is investigated whether the results are special to the choice of
partner country. Fourthly, we look at the specification of preferences and we introduce habit
persistence.

4.1 Non-Separabilities

The tests of Section 3 are potentially subject to the criticism that they ignore non-separabilities
in the utility function: If the factor X is important but ignored in the empirical tests, we
might falsely have concluded against the theory. Thus, in this section we look at several
candidates for this variable and see whether this matters for the results. This requires us to
specify which variables we think might affect the marginal utility of consumption.

We look at the following candidates: Real money holdings, government consumption, and
leisure. Real money holdings have been stressed as important in many holdings and are also
key in some recent models of international business cycles (see e.g. Chari, Kehoe and Mc-
Grattan, 1998). Government consumption is another natural candidate because large parts
of government consumption may practically substitute for private households’ spending. Fi-
nally, leisure is a standard variable of interest and non-separabilities with consumption play
a key role in many macroeconomic theories.

4.1.1 The Role of Money

With a non-separability between consumption and real money balances, we estimate the
following specification:

_ ij ij J ij ij 5]
Aciyr = A+ a" Dcjiyr + B7 Argy + 7 Bmyepr — 5 Amygeer + 0

where m denotes the logarithm of real money holdings. The coefficients on real money
holdings are here combinations of the weight of real money balances in the utility function,
the elasticity of substitution between real money balances and consumption, and of the
relative risk aversion coefficient. This parameter may be positive or negative depending on
the degree of risk aversion.'? In the data we measure real money holdings as M1 per capita

12For example when U (C;, M;/Q;) = — ([(C’i (M;/Q:)") 7 — 1} >, the risk sharing condition is given

1—0o;

by Acitt1 = Nij + G2 A 41 + %Aﬂfil + o (1= o) vidmigr — (1 = 05) ¥ Amjega) + e
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divided by the implicit consumption deflator apart from the UK for which we use M2. We
also extend the instrument list to include lags 2-5 of real money balances.

The top part of Table 5 reports the results this specification. We do find some evidence
in favor of non-separabilities between real money balances and consumption since either
1 or 7, is significant in approximately half of the regressions. Nevertheless, the impact
on the tests of financial market integration is limited. We find a slight improvement in the
significance level of « (the slope parameter of foreign consumption growth) but the estimates
of B remain insignificantly different from zero or negative. Furthermore, the orthogonality
conditions are now rejected in a number of cases for the bilateral regressions.

Thus, although there are signs that there are non-separabilities in the utility function,
this does not change the conclusions reached above.

4.1.2 Leisure

Non-separabilities between consumption and leisure play a key role in many macroeconomic
theories. We look at this issue by now estimating:
Acipr1 = AN+ a? Acjipr + YA + 97 A — 5 A + 0y

where n denotes the logarithm of employment per capita. The most common assumption
in the literature is that the elasticity of substitution between consumption and leisure is
equal to 1. In this case theory predicts that 7)Y > 0if o; > 1 and 7Y < 0if 0 < 0; < 1.
The use of employment rather than hours worked may, of course, be associated with serious
measurement errors so it is important to interpret the results with care.

Results from this exercise are reported in the second section of Table 5. As for real
money balances, we find that employment growth enters significantly into the regressions in
a number of cases and that the great majority of the significant estimates of 7y are significantly
positive. For the bilateral regressions involving US variables, we find limited implications for
the estimates of V% and 3V° (the real exchange rate remains insignificant or negative while
the significance level of US consumption is approximately unaltered). For the regressions
involving aggregate OECD variables, however, the results, if anything, are even worse than
those listed in Table 4. In particular, the significance of aggregate OECD consumption
decreases for almost all countries.

4.1.3 Government Spending

The final candidate for non-separabilities that we examine is government spending. Parts of
government consumption may substitute for private consumption and the level of government
spending may affect the marginal utility of private consumption. Christiano and Eichenbaum
(1992) have earlier investigated the importance of such non-separabilities between private
and government consumption and specify the utility function as:

W(C,G) = ((C+6G)""—1)/(1-0)

These authors find significantly positive estimates of 6 using quarterly post war US data.
Hence, this variable could potentially be important to take into account. We now estimate
the following relationships:
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where g denotes the logarithm of per capita real government consumption. In this case the
estimate of 7 is given by — (6g/c) /o which should be negative. It should also be noted that
the coefficients on a and 8 now will be modified by o = (¢7¢'/ (c'c?)) (¢ + 67¢?) / (¢" + 6'g")
and 89 = (c'/a?) / (¢’ + 6ig").13

The results from including government spending are reported in the final rows of Table 5.
The results are similar to what we found in the preceding sensitivity analyses. Domestic and
foreign government consumption are significantly different from zero in a number of cases
but, as above, the introduction of a new variable affects the estimates o and the significance
of this variable. However, as we have seen in the other cases as well, the introduction of
government spending does not lead to the emergence of the real exchange rate which remains
insignificant in most of the regressions.

4.2 Good Specific Results

The second type of sensitivity analysis that we carry out is to look at good specific results.
The above results all refer to total private sector consumption. Previously a number of papers
have suggested that non-traded goods might be an important component in accounting for
the low cross-country correlations of consumption (see e.g. Tesar, 1995, or Stockman and
Tesar, 1995). Lewis (1996, 1999) examines the role of non-tradables in tests for risk sharing
in detail. However, the existence of non-traded goods does not mean that the tests above
are invalid. In fact, Backus and Smith (1993) show how the relationship between marginal
utilities and real exchange rates can be derived in a model with traded and non-traded goods
assuming that the law of one price holds for traded goods. The reason for this is that the
effects of non-traded goods enter into the consumption aggregate and into the real exchange
variable. In fact, the analysis of Section 2 can be re-interpreted to a setting with non-traded
goods letting one of the goods in question denote non-traded goods. Hence, the analysis
is robust to this aspect. The one disclaimer to this result is situations in which utility is
additively separable between different types of consumption goods. Assume, for example,
that the utility function can be written as:

W(C) =2 W.(C)

s=1

where s denotes a given “type” of goods. In this case, and assuming that the sub-utility
functions, W, are of the form assumed in equations (7), conditions(7) — (8) would hold for
each “type” of good separately, but not necessarily for an “aggregate” consumption good.
In order to investigate this issue we separate aggregate consumption into three types
of goods, “durables”, “non-durables” and “services”. This does not necessarily match well
with non-traded goods, but the above point is valid even in settings with different types of

13Variables without time subscripts here denote steady-state values.
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traded goods and would rely less on the appropriateness of aggregate price deflators than
the tests carried out above. The national government section of the OECD statistics reports
such numbers for all countries in our sample except Australia, Netherlands, Norway, and
Switzerland.'* Table 6 reports the results of estimating

s _ i AL ij A ijs
Aci = A+ a"Ach o+ BY Aril + iy

for each of these different types of goods and using j = US. We also report the correlation
of the growth rate of each type of good with the corresponding US number and we report
the standard deviation of the goods specific real exchange rates. The latter are measured as
the aggregate real exchange rate but using the goods specific implicit price deflators.

Table 6 reports the results of this exercise which indicate that the conclusions drawn
above are not sensitive to the aggregation of consumption. The bilateral correlation of the
consumption growth rates are similar across different types of goods and so are the standard
deviations of the disaggregated real exchange rates. The only exception to this is for Canada
for which we observe a substantially larger and more positive correlation with the US for
consumption of durables than for the two other types of goods. The estimates of o and (3
differ across countries and types of goods, but there is no specific pattern to this variation
and we do not uncover any significant and positive estimate of 3. Furthermore, there is a
slight increased tendency for rejection of the orthogonality conditions.

Thus, in summary, the results for goods specific versions of the tests do not indicate that
the results are qualitatively sensitive to the use of aggregate consumption.

4.3 Partner Country

The analysis so far has focused on bilateral regressions involving the Unites States as the
partner country or the aggregate OECD as the partner country. As we have already dis-
cussed, the appropriateness of the latter specification hinges on some auxiliary assumptions
that do not seem to be supported by the data. The issue is whether the choice of the US
as the partner country might affect the results. As is clear from Table 1, cross-country con-
sumption correlations do vary across countries and this may indicate that some sub-groups
of countries are better insured.

In order to investigate this, Table 7 reports the results of carrying out the tests of equation
(11)for all other combinations of countries in the sample. The estimates of a and [ are
sensitive to the choice of partner countries. However, out of the 55 country pairs, we find «
to be significant and positive (at the 10 percent level) in only 8 country pairs. Furthermore,
[ is significant in 9 of the country pairs but positively so in only 5 of these cases. The only
country pair for which we find positive and significant estimates of both a and 3 and where
we cannot reject the orthogonality conditions is UK-Switzerland (although the implied value
for the risk aversion coefficient is quite large with a point estimate of 28.5). Disappointingly,
we also find that the hypothesis of integrated financial markets is rejected in the country pairs

4 For some of these countries, we can also look at even more dis-aggregated data such as “food”, “furniture”
“clothing” etc. Nevertheless, the geographical and temporal coverage of these data are more limited.
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where we observe a high cross-country consumption growth correlation (such as Denmark-
Norway or Italy-Switzerland). In sum, we find that the negative results do not hinge on the
choice of the US as the partner country.

4.4 Habit Persistence

In the empirical finance literature, and in many macroeconomic analysis the importance of
preferences is often stressed as key in bridging the gap between theory and data. Some of
these extensions (non-separabilities) have been covered above, but here we now introduce
habit persistence. The effects of habit persistence have been heavily investigated in the
empirical literature on the equity premium and the risk free rate puzzle (see e.g. Abel, 1990,
1999, Campbell and Cochrane, 1999, 2000, or Heaton, 1995) and, although conclusions on
the effects of habit persistence have not been uniformly positive, this aspect has been shown
to be important. This insight could potentially be important for the present subject as well
because preferences are at the center of attention (like in the empirical finance literature).

There are several different ways in which to model habit persistence. Here we choose to
follow Abel (1990, 1999) and model the habit as exogenous and we use the so-called ratio
model. In particular, we now specify preferences as:

L ([w(ci/x) -1))

U(Ci, X;) = N

where X;; = 6’{;’;1 where C; denotes aggregate per capita consumption in country i. Alter-
natives to this specification include models with endogenous habits and “difference” habit
models possibly allowing for non-linearities such as in Campbell and Cochrane (1999, 2000).
The above specification leads to the following condition:

Acippr = A+ 0T Dejen + B9 DrY 1 + D =95 Dege + nia

where 74 = p; (0, — 1) Jo; and v} = p; (6; — 1) Jo;. Thus, introducing habit in this manner
simply introduces another term into the Euler equation and when the habit is exogenous
(and includes only lagged consumption) this term is simply current consumption growth.
We estimate this relationship as the basic relationship in Table 4 but using lags 3-6 of the
regressors and the regressand as instruments (since current consumption growth now enters
the Euler equation).

The results are reported in Table 8. The habit formation parameters are significant in
a number of country-pairs and in some cases at very high levels of confidence. However,
the introduction of habit persistence, if anything, worsens the evidence on the relationship
between consumption growth differentials and the real exchange rate by rending the slope
parameters « less significant in many cases and leaving 3 insignificant in the great majority
of regressions. These results are independent of the choice of partner country and the sam-
ple period under consideration. When estimating the system with the SUR estimator and
imposing that preferences are identical across countries, we find that the habit persistence
appears only to be significant in the pre-1973 sample. Furthermore, in this period we also
find a significant and positive estimate of 3 for both the regressions involving US consump-
tion growth and the regressions involving aggregate OECD consumption growth. However,
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the parameter restrictions are rejected (although less strongly for the regressions involving
aggregate OECD consumption growth). Thus, although the evidence is mildly in favor of
the presence of habit formation, the introduction of this phenomenon does not lead to a
radical change in the conclusions.

5 Summary and Conclusions

This paper have looked into the link between consumption dynamics and real exchange rates.
Making the assumption that countries can borrow and lend freely at the same nominal inter-
est rate leads to a relationship that links the cross-country difference of the expected marginal
rate of substitutions of consumption to the expected change in the real exchange rate. The
reason is simple: When purchasing power parity does not hold but countries can borrow and
lend at the same nominal interest rate, real exchange rate movements are equivalent to real
interest rate differentials, and such real interest rate differentials give rise to intertemporal
substitution of consumption. This mechanism is important in many new theories that have
been developed to address the empirical shortcomings of international business cycle models
and has been applied to important economic policy issues. Furthermore, given the large and
persistent movements in real exchange rates that have been observed, especially since the
downfall of the Bretton-Woods system, this mechanism might potentially be an important
factor in explaining why previous tests of risk sharing and financial market integration have
concluded against this hypothesis.

Testing the relationship between consumption growth rates and real exchange rate changes
on a panel of OECD countries we found very robust results indicating that although for-
eign consumption growth often is significant in these relationships, there seems to be little
role for the real exchange rate. Furthermore, we showed that the results are robust to the
introduction of non-separabilities in the utility function, to decomposing consumption, to
changes in the choice of partner countries, and to the introduction of habit persistence. We
only find evidence in favor of a significant role for the real exchange rate when imposing
the conditions that preferences are identical across countries and this restriction is rejected
by the data. Hence, the papers findings put some doubts on the crucial role played by real
exchange rates in a number of recent international macroeconomic models.

The evidence, of course, does not imply that exchange rates and consumption are not
connected. It is perfectly possible that consumption growth differentials can help forecast
exchange rates and indeed some authors do find evidence of this (see e.g. Apte, Sercu and
Uppal, 2000, or Head, Mattina and Smith, 2000). However, the paper shows that it is
unlikely that the restrictions imposed by theory are supported by the data.
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6 Appendix: Data Description

The data used in the paper are sampled at the quarterly frequency. Unless mentioned, the data were
deseasonalized from the source. All data were collected either from the OECD or the IMF.
A. Data used in Tables 1-4 and Table 7-9.

Consumption is defined as private final consumption expenditure in constant prices divided by popula-
tion. Consumption data were obtained from the OECD while population numbers at the annual frequency
were obtained from the IMF International Financial Statistics (IFS) and converted into quarterly numbers
by interpolation. Real exchange rates are defined as the nominal exchange rate times the ratio of foreign to
domestic prices. Nominal exchange rates were obtained from the IFS and prices are defined as the implicit
deflators for the consumption variables. World consumption is defined as aggregate OECD consumption in
constant prices divided by aggregate OECD population. Real effective exchange rates were defined as the
nominal effective exchange rate times the ratio of aggregate OECD prices to domestic prices. The nominal
effective rates are from the IFS and the price variables are defined as the implicit consumption deflators. In
all regressions we used the longest available sample period unless otherwise indicated in the Tables. Sample

periods and notes on these data are summarized in the following table:

Sample Period
Start End Notes

Australia 1960.1 2000.1 -
Canada 1961.1 2000.1 Nominal effective rate available for 1979.1-2000.1
Denmark 1988.1 1999.3 -
France 1978.1 2000.1 -
ITtaly 1982.1 2000.1 -
Japan 1960.1 2000.1 -

Netherlands 1977.1  2000.1 -
New Zealand 1982.2 2000.1 -

Norway 1978.1 1999.4 Seasonally adjusted using an exponential filter
Switzerland 1980.1 2000.1 -
UK 1960.1 2000.1 -
Us 1960.1 2000.1 -
OECD 1960.1  2000.1 -

B. Data used in Table 5.

Real money balances are defined as the nominal money stock divided by the implicit price deflator
and by population. The nominal money stock is defined as nominal M1 for all countries except the UK
for which we use M2 since M1 is not available. These data were obtained from the OECD. In the section
“Leisure” we use employment per capita. Employment data were obtained from the OECD and are index
numbers. In the section “government spending” we use government consumption expenditure in constant
prices (obtained from the OECD) divided by population. Most of the data were seasonally adjusted from
the source; seasonally unadjusted data was transformed into logarithms and seasonally adjusted with an
exponential filter assuming a linear trend and additive seasonality. Sample periods and seasonal adjustments

are summarized in the following table.
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Money Stocks

Employment

Government Spending

Sample Period

Sample Period

Sample Period

Start End SA Start End SA Start End SA
Australia 1975.1 2000.1 Source | 1964.1 2000.1 Exp. | 1960.1 2000.1 Source
Canada 1960.1 2000.1 Source | 1960.1 2000.1 Exp. | 1961.1 2000.1 Source
Denmark 1970.1 2000.1 Source | 1980.1 1998.4 Exp. | 1988.1 1999.3 Source
France 1978.1 2000.1 Source | 1960.1 2000.1 Exp. [ 1978.1 2000.1 Source
ITtaly 1974.1 2000.1 Source | 1960.1 2000.1 Exp. | 1970.1 2000.1 Source
Japan 1960.1 2000.1 Source | 1960.1 2000.1 Exp. | 1960.1 2000.1 Source
Netherlands ~ 1960.1 2000.1 Source | 1987.1 2000.1 Exp. | 1977.1 2000.1 Source
New Zealand 1977.2 2000.1 Source | 1960.1 2000.1 Exp. | 1982.2 2000.1 Source
Norway 1960.1 2000.1 Source | 1972.1 2000.1 Exp. | 1978.1 1999.4 Source
Switzerland 1960.1 2000.1 Source | 1966.3 2000.1 Exp. | 1980.1 2000.1 Source
UK 1982.1 2000.1 Source | 1960.1 2000.1 Exp. | 1960.1 2000.1 Source
UsSs 1960.1 2000.1 Source | 1960.1 2000.1 Exp. | 1960.1 2000.1 Source
OECD 1982.3 2000.1 Source | 1983.1 1999.1 Exp. | 1960.1 2000.1 Source

where SA denotes seasonal adjustment, Source denotes from the source, Exp. denotes seasonally adjusted

with an exponential filter.

B. Data used in Table 6.

The data in Table 6 are obtained from the OECD. These data decomposes the aggregate consumption
data into “durables”, “non-durables” and “services”. Each component is measured in constant prices and
converted into per capita terms. For this application the real exchange rate for component is measured as
the exchange rate times the ratio of foreign to domestic prices where prices for each component correspond
to the goods specific implicit consumption deflator. All data were seasonally adjusted from the source except
the Japanese data which were converted into logarithms and de-seasonalized using an exponential filter with

a linear trend and an additive seasonality component. Sample periods are the same as in part A above apart

from Italy where we have data for the period 1970.1-2000.1.
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Figure 1. Risk Sharing and Relative Prices
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Table 1. Cross Country Consumption Correlations
CAN DEN FRA ITA JAP NL NZ NOR SWI U.K. U.S. OECD | Average
AUS 0.24 0.17 037 0.14 -0.03 0.14 0.21 0.12 0.22 0.13 0.13 0.17 0.17
CAN -0.07 0.00 0.19 0.06 0.01 032 015 0.26 017 0.37 0.42 0.15
DEN 0.11  0.07 -0.23 034 037 043 0.17 0.02 0.18 0.10 0.14
FRA 0.22 0.21 0.25 0.10 0.09 0.29 0.21 0.11 0.43 0.17
ITA 0.01 0.12 0.04 0.08 0.52 0.15 0.05 0.30 0.15
JAP 0.05 -0.13 -0.14 -0.03 0.11 0.22 0.57 0.01
NL 0.26 0.19 0.23 -0.01 0.22 0.32 0.16
NZ 0.09 0.20 0.26 0.11 0.14 0.11
NOR 0.06 0.10 0.14 0.09 0.12
SWI 0.28 0.16 0.34 0.21
U.K. 0.19 0.37 0.15
U.S. 0.79 0.17
OECD 0.37

The numbers in the table are cross country consumption correlations of first differences of the logarithms of

the consumption per capita measured in constant prices.
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Table 2. Percentage Standard Deviations
| rus eus pus/pi Ci Ci/cus | Teff eeff pw/pi Ci/cw

I. Full sample

Australia 4.48 4.51 0.75 0.80 1.01 4.58 4.66 0.69 0.70
Canada 1.92  1.90 0.47 0.92 0.93 1.86 1.83 0.48 0.84
Denmark 5.77 5.84 0.58 1.18 1.18 1.62 1.69 0.66 1.34
France 5.77 5.87 0.62 0.69  0.91 1.80 1.76 0.61 0.64
ITtaly 6.24 6.37 0.69 0.65  0.83 247 248 0.66 0.63
Japan 5.08 5.05 0.99 1.27 1.32 4.49 4.43 1.01 1.07
Netherlands | 5.92 5.98 0.70 0.99 1.05 1.46  1.32 0.73 0.96
New Zealand | 6.43 6.34 1.22 1.81 1.83 4.57 4.48 1.24 1.79
Norway 511 5.19 0.65 0.80  0.98 1.74 1.71 0.65 0.86
Switzerland | 6.75 6.74 0.45 0.33  0.70 2.79 2.72 0.48 0.44
UK 5.17 5.15 0.90 1.19 1.27 3.44  3.40 0.89 1.10
UsS - - - 0.73 - 3.03 3.08 0.23 0.45
II. 1960-1972.4

Australia 0.91 0.60 0.55 0.83 1.09 - - - -
Canada 1.29 1.29 0.40 0.99 1.04 1.19 1.19 0.40 0.91
Japan 145 1.38 0.84 0.96 1.12 148 1.32 0.84 0.92
UK 2.40 2.36 0.60 1.17  1.36 1.75 1.68 0.54 1.11
UsS - - - 0.72 - 0.94 090 0.24 0.47
II1. 1973.1-2000.1

Australia 5.39 5.45 0.81 0.79  0.98 - - - -
Canada 2.14 2.10 0.50 0.88  0.89 2.08 2.04 0.1 0.81
Japan 6.08 6.05 0.89 1.22 1.30 535 5.28 0.92 1.05
UK 6.05 6.04 1.01 1.20 1.22 4.00 3.96 1.00 1.07
UsS - - - 0.72 - 3.62 3.68 0.23 0.43

7" denotes the bilateral real US$ exchange rate defined as the log of RzUS = Ez-US (PUS/Pi> where Ez-US

S

is the nominal bilateral US$ exchange rate and P is the CPI of country j. e“? is the log of the nominal
exchange rate and p"*/ p is the log of the price ratio. ¢’ is the log of consumption in country ¢ in constant
prices, ct / c" is the log of the ratio of country i consumption and US consumption (all in constant prices).
reff is the log of the real effective exchange rate, et is the log of the nominal effective exchange rate,
p*s/ p? is the log of the price ratio and ¢’ /" is the log of country i consumption divided by aggregate

OECD consumption. All moments refers to first differenced data.
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Table 3. Unconditional Correlations

With real US$ rate

With real effective exch. rate

eus pUS/pi b Ci/cus eeff pw/pi & Ci/cw
I. First differences, full sample
Australia 0.99 0.03 -0.03 -0.02 | 099 0.04 -0.03  -0.03
Canada 0.97 0.18 0.07 -0.01 | 0.97 0.18 0.02 0.05
Denmark 0.99 -0.07 0.09 -0.01 |0.92 0.10 0.07  0.04
France 0.99 -0.12 -0.22  -0.28 | 094 0.24 -0.11  -0.12
Ttaly 0.99 -0.13 -0.34  -0.40 | 096 0.12 -0.30  -0.26
Japan 0.98 0.12 0.12 0.02 | 097 0.17 0.07  0.09
Netherlands | 0.99 0.00 -0.09 -0.20 | 0.87 0.43 0.03 -0.01
New Zealand | 0.98 0.23 0.12 0.11 0.96 0.18 0.11 0.13
Norway 0.98 0.17 0.02 -0.11 ] 093 0.23 0.23 0.19
Switzerland 0.99 -0.06 -0.07  -0.21 | 097 0.22 0.04 0.01
UK 0.99 0.04 0.03 -0.04 | 099 0.18 0.12 0.11
US - - - - 0.99 -0.16 -0.05 -0.13
II. First differences, 1960-1972.4
Australia 0.81 0.77 0.39 0.34 | - - - -
Canada 0.95 0.15 0.06 0.12 [ 094 0.17 0.09 0.13
Japan 0.82 0.37 0.25 0.24 |0.83 047 0.22 0.26
UK 0.97 0.18 0.08 0.10 [ 0.95 0.27 0.32 0.27
US - - - - 0.97 0.24 0.19 0.19
III. First differences, 1973.1-1998.4
Australia 0.99 0.00 -0.06 -0.06 | - - - -
Canada 0.97 0.19 0.09 -0.05 | 0.97 0.19 0.02 0.02
Japan 0.99 0.10 0.04 0.02 [ 0.99 0.16 0.09 0.10
UK 0.99 0.10 0.03 -0.07 | 0.97 0.16 0.10 0.10
US - - - - 0.99 -0.22 -0.10  -0.18

See notes to Table 2.
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Table 4. Instrumental Variables Tests of Integrated Bond Markets

US bilateral real exchange rates | Real effective exchange rates
country Q I} J a I} J
I. Full sample
Australia 0.088 -0.022  0.174 -0.211 0.075 0.604
Canada 0.595**  -0.092  0.290 0.691**  -0.061 0.204
Denmark 0.896 0.054*  0.427 -0.559  0.163 0.444
France -0.072  -0.098** 0.715 0.379 -0.162 0.228
Italy 0.275 -0.023  0.343 1.409"*  -0.048  0.390
Japan 0.849**  0.008 0.003 1.952***  0.058 0.239
Netherlands 0.443 -0.064 0.013 1.998* 0.514***  0.947
New Zealand 0.170*  0.067 0.105 1.352 0.117 0.291
Norway 0.518 -0.195  0.434 0.016 0.176 0.002
Switzerland 0.450***  -0.013  0.230 0.763***  0.031 0.795
UK 0.503*  -0.114  0.243 0.575 0.075 0.047
US - - - 0.792***  0.018 0.001
I1. 1960-1972.4
Australia 0.149 0.650**  0.955 - - -
Canada 0.658*  -0.211  0.517 1.560***  -0.241 0.799
Japan -0.024  0.078 0.456 0.765 0.263 0.312
UK -0.131 0.023 0.006 0.408 -0.029  0.649
US - - - 1.408***  0.179*  0.907
II1. 1973.1-1998.4
Australia 0.013 -0.029 0.104 - - -
Canada 0.377 0.044 0.067 0.708**  -0.060  0.117
Japan 0.545%  0.019 0.241 1.428***  0.062 0.595
UK 0.618**  -0.062 0.046 1.401**  0.021 0.044
US - - - 1.482%**  0.078**  0.027
SURE RESULTS
Australia 0.073 0.033 0.633 - - -
Canada 0.494***  -0.086  0.619 0.621***  -0.007  0.671
Japan 0.734***  0.052 0.170 1.830™**  0.051 0.926
UK 0.496**  -0.024  0.494 0.649***  0.030 0.363
US - - - 1.059"**  -0.025  0.017
Restricted FS4 | 1 0.036*  0.000” 1 0.010 0.000°
Restricted ES? | 1 0.086**  0.000” 1 0.151**  0.000°
Restricted LSC | 1 0.036*  0.000” 1 0.005 0.000”

@ is the estimate of the coefficient on foreign consumption and B is the coefficient on the real exchange rate
estimated using instrumental variables with lags 2-5 of the left hand side and right hand side variables as
instruments. J is the significance level of a test of the overidentifying restrictions.
A: In this regression we impose that o' =1 and ﬁz = ﬁj for all countries in the system. B: As A but
estimated for the sample 1960-1972.4. C: As A but estimated for the sample 1973.1-2000.1. D: This is the
significance level of a likelihood ratio test of the hypothesis o = 1 and 3* = (37,
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Table 5. Effects of Non-Separabilities

US bilateral real exchange rates

Real effective exchange rates

country | & B Vi Vs J a 5 Vi Yo J
Real Money Balances
Austr. 0.001 0.035 0.113"** 0.128 0.160 | 0.956*** 0.015 0.127**  0.291**  0.417
Canada 0.608***  -0.047 0.062 0.186™* 0.313 | 1.553***  0.010 0.114* 0.090 0.660
Denmark | 0.756 0.011 0.132 -0.123 0.413 | 0.015 0.067 0.055 0.195 0.164
France -0.290 -0.047"*  0.162 -0.098 0.332 | 0.759**  -0.157 0.199"*  0.138 0.314
Ttaly 0.298 -0.016 0.036 0.094 0.562 | 1.207**  -0.066 -0.060 -0.021 0.300
Japan 0.605**  -0.034 0.154* 0.156 0.008 | 0.988**  0.012 -0.127 0.133 0.452
Netherl. | 0.388 -0.037 0.009 0.101 0.013 | -0.667 0.070 -0.020 0.036 0.602
New Zea. | 0.321 0.021 0.107* 0.003 0.015 | 1.103 0.111 -0.048 0.048 0.207
Norway 0.586* -0.091* 0.016 -0.022 0.037 | -0.402 0.034 -0.087 0.503"**  0.003
Switzerl. | 0.372"** -0.015 -0.007 0.079 0.068 | 0.525"**  0.006 0.001 -0.114*  0.236
UK 0.521* 0.005 0.503"**  0.083* 0.779 | 1.028™*  -0.026 0.570**  0.120 0.677
UsS - - - - - 1.057***  0.003 0.002 -0.128 0.025
Leisure
Austr. 0.020 0.006 0.317* -0.278 0.723 | -0.219 0.093™*  0.291 0.010 0.703
Canada 0.375* -0.048 0.227 -0.245 0.233 | 1.134™  -0.136*  0.803*** 1.513"*  0.259
Denmark | 0.947* 0.044* 0.012 0.052 0.883 | 0.316 0.190* -0.916 -0.820 0.819
France -0.148 -0.035"*  0.722***  -0.270 0.182 | 0.703 -0.203**  0.671 -0.239 0.617
Ttaly 0.272 -0.025™  0.746™*  -0.136 0.560 | -0.038 -0.052 0.517**  -0.855"  0.386
Japan 0.685™*  0.020 1.216* -0.291 0.077 | 1.273"** 0.024 1.327"**  0.550 0.711
Netherl. | -0.007 -0.036 0.662**  -0.271 0.642 | -0.155 0.146 0.133 -1.243"*  0.290
New Zea. | 0.790 0.009 0.416 -0.703 0.072 | 2.730 0.079 0.958**  0.911 0.578
Norway 0.142 -0.134 0.768™**  0.093 0.730 | 0.073 -0.005 0.925"**  1.011 0.234
Switzerl. | 0.330""* -0.018 0.524"**  -0.102 0.736 | 0.152 -0.023 0.299* 0.522 0.889
UK 0.347 -0.045 0.073 -0.319 0.234 | 0.569 0.025 1.074 1.831 0.090
Us - - - - - 1.357***  -0.011 0.755™**  1.135™* 0.227
Government Consumption
Austr. 0.173 -0.022 0.100 -0.198 0.189 | 0.103 0.067 0.112* 0.135 0.381
Canada 0.418* -0.019 0.061 -0.225 0.075 | 0.759***  0.040 -0.080 -0.317 0.207
Denmark | -0.149 0.053 0.671*"*  -0.136™  0.159 | -0.186 0.123 0.745 -0.534 0.252
France 0.208 -0.071**  0.217 -0.121 0.160 | 0.883*** -0.059 0.382 0.369 0.162
Ttaly 0.146 -0.034* 0.396™**  -0.206 0.308 | 0.778 0.009 0.263 -0.630 0.755
Japan 0.622* 0.022 -0.071 -0.578"**  0.110 | 1.691*** 0.096™  0.097 0.823™  0.663
Netherl. | 0.414 -0.017 -0.091 -0.072 0.009 | 1.324™  0.299"** _-0.111 0.589 0.592
New Zea. | 0.949""  0.050 0.096 -0.393 0.278 | 0.914 -0.003 0.017 0.520 0.422
Norway 0.807**  -0.075 0.117**  0.193 0.195 | 0.224 0.099 0.054 0.107 0.006
Switzerl. | 0.269* -0.030"**  -0.048 -0.181**  0.485 | 0.597***  0.006 -0.058 0.207 0.483
UK 0.656™  -0.080 0.036 0.153 0.052 | 1.031**  0.054 -0.153 0.614 0.094
UsSs - - - - - 0.909***  -0.003 0.303* 0.669™*  0.037

See notes to Tables 2 and 4. 7 denotes the coefficient on the non-consumption variable, see Section 4.1.
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Table 6. Goods Specific Results

country C (Ac;, ANeys)  std(q;) ‘ a 1] J
Durable Goods
Canada 0.431 2.09 0.853***  0.329 0.164
Denmark 0.066 6.31 0.157 0.208 0.117
France 0.096 6.22 0.311 -0.069™**  0.263
Ttaly 0.055 5.57 -0.407 0.055 0.014
Japan 0.083 5.85 0.276 0.195 0.001
New Zealand | 0.147 6.43 -0.188 0.555 0.404
UK 0.012 5.57 0.204 0.827 0.068
Non-Durable Goods
Canada 0.185 1.94 0.530 -0.016 0.034
Denmark -0.017 5.88 0.265 0.047 0.996
France -0.107 5.81 -0.098 -0.011 0.157
Ttaly -0.003 5.46 -0.123 -0.138 0.048
Japan 0.128 6.11 0.507 -0.102 0.021
New Zealand | 0.084 6.51 1.277**  0.100 0.123
UK 0.170 5.11 0.132 -0.020 0.442
Services

Canada 0.151 2.17 0.622**  -0.077 0.304
Denmark 0.119 5.76 1.219 -0.028 0.271
France 0.071 2.44 0.321 -0.015 0.526
Ttaly -0.006 5.53 0.242 -0.072**  0.289
Japan 0.176 5.87 0.306 -0.051**  0.011
New Zealand | 0.201 6.91 0.088 -0.027 0.392
UK 0.028 5.27 -0.826*  0.015 0.000

See notes to Table 4. C' (Aci, ACUS) denotes the correlation between the first differences of the logarithms
domestic and foreign consumption for each of the three different types of consumption goods. std (qz)
denotes the standard deviation of the first difference of the logarithm of the goods specific real exchange
rate defined against the US.
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Table 7. Sensitivity to Partner Country

CAN DEN FRA ITA  JAP NL NZ NOR  SWI UK.
Australia « 0.266 0.218 0.289  0.091  0.143 0.000 0.054  -0.035 0.360  -0.189
G 0.063 0.097*** -0.009 0.029 -0.026  0.007 0.075** 0.043 0.015  -0.005
J 0477 0.987 0.030 0.096 0.786 0.138 0.692  0.211 0.131  0.759
Canada « - 0.179 0.164 0.781  0.270**  0.281 0.286™ 0.386 1.327  0.106
6 - 0.059 0.012 -0.043 0.079 0.048 0.060  -0.021 0.020  0.140
J - 0.399 0.044 0.373  0.497 0.158 0.240  0.050 0.121  0.423
Denmark « - - 0.038 0.171  0.075 0.126  0.311** 0.268 0.577  0.148
6 - - 0.172  0.041 -0.009  0.278 -0.000  0.180 0.183  -0.199*
J - - 0.460 0.297 0.181 0.255 0.289  0.890 0.090  0.715
France a - - - 0.273  0.194 0.145 -0.052  -0.115 0.698*  0.160
g - - - -0.105 -0.047** 0.066 -0.013  -0.138 -0.036  0.021
J - - - 0.156  0.200 0.021 0.600  0.189 0.143  0.189
Italy a - - - - -0.021 0239 -0.022 -0.015 1.368** 0.368"
6 - - - - -0.016  0.002 -0.036  -0.008 -0.129* -0.112
J - - - - 0.275 0.383 0.480  0.304 0.703  0.822
Japan a - - - - - 0.006 0.015  -0.184 0.713  0.151
8 - - - - - 0.032 0.017  0.011 -0.076* 0.085
J - - - - - 0.366 0.480  0.832 0.831  0.000
Netherl. o« - - - - - - 0.036  0.170  1.094** 0.136
6 - - - - - - -0.017  -0.048 -0.051  0.069
J - - - - - - 0.702  0.008 0.083  0.046
NewZeal. « - - - - - - - 0.068 -0.584  0.746
6 - - - - - - - 0.061 0.039  0.129***
J - - - - - - - 0.075 0.366  0.707
Norway o - - - - - - - - -0.159  0.129
g - - - - - - - - 0.252**  0.025
J - - - - - - - - 0.194  0.000
Switz. a - - - - - - - - - 0.381**
6 - - - - - - - - - 0.035*
J - - - - - - - - - 0.332

See notes to Table 4. The results refer to the estimates from the regressions Ac¢y; = N+ ACIZ +
GY A?"Zj-t + ?7? where 7 is given by the row entry and j is given by the column entry.
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Table 8. Habit Persistence

US bilateral real exchange rates

Real effective exchange rates

country | & B Vi Yus J g B Vi Yuw J
Austr. 0.095 0.034  0.256 -0.185  0.270 | 0.624 0.081 -0.300  0.929 0.622
Canada | 0.526 -0.138  0.193 -0.094 0157 | 0.668*  -0.166  0.061 -0.036  0.247
Denmark | 1.805"*  0.013 0.079  1.330%  0.775 | 0.241 0.021  -0274 2410 0.803
France | -0.401  -0.015  -0.237  -0.630"* 0.816 | 0.492 20.025  -0.467*  -0.402  0.306
Ttaly 0.892**  -0.032  0.132 0.352 0.933 | 0.361 -0.021  0.288 -0.499  0.136
Japan 1.332°  -0.015  0.579*** 0.720 0.129 | 2.587"**  0.052 0.509 1.343 0.981
Netherl. | 0.249 -0.076  0.060 0.726*  0.106 | 1.371**  0.169 0.436*  -1.413  0.324
N. Zeal. | 1.780 0.139 0594  -0.433  0.206 | 2.313 0.209 0.468  1.003 0.275
Norway | 0.062 0.005 0.769** -0.408  0.674 | 0.271 0.077 0.714***  0.378 0.384
Switzerl. | 0.074 -0.012  0.820* 0.063 0.090 | 0.600 0.072  1.131*  0.570 0.956
UK 0.602 -0.170  -0.542  -0.103  0.659 | 0.843*  -0.111  -0.477  -0.116  0.215
US - - - - - L.O16™*  -0.040  0.521%** 0.705™** 0.025
1960-1973.4
Austr. -0.133  0.388*  -0.317"  0.137 0.609 | - - - - -
Canada | 0.804**  -0.126  -0.279  -0.293  0.625 | 1.442"** -0.162  -0.350  -0.641  0.387
Japan 0.266 0.169 0.351*  -0.202  0.662 | 0.345 0.009 0.088 0.570 0.507
UK 0.276 0.093 0.044  0.272 0.583 | 2.092*** -0.254  0.342 1.899"**  0.990
US - . - . - 1.448"**  0.161 0481  -1.158  0.867
1973.1-2000.1
Austr. 0.076 -0.033  0.150 0.024 0.089 | - - - - -
Canada | 0.338 0.126  -0279  -0.293  0.094 | 0.635 -0.140  0.189 -0.041 0216
Japan 0.468 0.010 0.153  0.105 0.092 | 2.032"** 0.038 0.476 1.380 0.942
UK 0.792**  -0.133  -0.652* -0.248  0.268 | 1.696"** -0.130  -0.512  -0.116  0.332
US - - - - - 1.366™* -0.086  0.344*  0.408*  0.076
SUR Results
Austr. 0.108 0.037 0.216 -0.088 0397 |- - - - -
Canada | 0.453**  -0.075  0.081 -0.033  0.263 | 0462*  -0.015  -0.054  -0.332  0.590
Japan 0.739"*  0.046 0.151 -0.148  0.112 | 2.018** 0.018 0.033 0.082 0.901
UK 0.257 -0.102**  -0.328*  -0.442  0.852 | 0.587 0.013  -0.195  0.185 0.315
US - - - - - 1.039"*  -0.024  0.435"*  0.654™** 0.576
R.Fs4 |1 0.018 0.084 20.084  0.000° |1 -0.007  0.090 0.090 0.910"
R.ES? |1 0.148**  _0.131*  -0.131*  0.000” | 1 0.140%*  -0.152*  -0.152*  0.041F
R.1LS¢ |1 0.016 0.042 0.042 0.000° | 1 -0.012  0.088 0.088 0.066"

See notes to Table 2 for definitions. A: In this regression we impose that ot = 1, ﬁz = ﬁj and v; = YUs

for all countries in the system. It is estimated for the full sample. B: As A but estimated for the sample
1960-1972.4. C: As A but estimated for the sample 1973.1-2000.1. D: This is the significance level of a
likelihood ratio test of the hypothesis ot = 1, ﬁ’ = (37 and y; = Yys. This test statistic is distributed as

a x2(10).
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