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Abstract: This paper investigates whether commodity and capital markets integration has
strengthened after the EMU formation. Focusing on the dominant role of Germany as the
leading economy in the EMU, we test the progress of markets integration between Germany
and selected EMU countries. For comparison reasons, we examine the same research question
between Germany and selected non-EMU countries. Our research was based on the analysis
of the PPP and UIP conditions and whether these two conditions hold jointly or individually.
Our evidence implies that after the launch of the euro, there is stronger integration between
Germany and non-EMU countries, such as Japan and the USA, rather than between Germany
and EMU countries. These results can be explained by the fact that even though there is
increased heterogeneity across EMU countries, these countries cannot adjust their exchange

rates in order to respond to shocks and restore equilibrium in commodity and capital markets.
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1. Introduction

The establishment of the European Economic and Monetary Union (EMU) was admittedly a
remarkable step in the direction of enhancing economic integration among European
countries. The launch of the common currency was expected to lead to price stability, lower
transaction costs, stronger intra-euro trade relationships and thus, to higher growth for
country-members. This optimistic view is obviously related to McKinnon’s (1963)
contribution to the theory of Optimum Currency Areas (OCA). However, a fundamental
weakness of the EMU, such as the lack of homogeneity across member-countries, should not
be ignored. A number of divergent factors, such as dissimilar national policies (apart from the
monetary policy) and different national regulations on goods and labour markets, may
increase the possibility of emergence of asymmetric shocks in the Eurozone. On the other
hand, this view is related to Mundell’s (1961) original contribution to OCA theory.

Having in mind the aforementioned heterogeneity and the resulting asymmetries across
countries, academics and policy makers focus on answering the question of whether the EMU
achieved its goals. The main reservation in this analysis arises from the presence of
asymmetries and the lack of autonomous monetary policy for member-countries. This is
because an asymmetric shock could be managed by an exchange rate adjustment. However, in
a monetary union, like the EMU, this is not the case. Thus, the main question is whether the
common monetary policy (including the exchange rate policy) can achieve higher growth
rates and higher economic and financial integration in the Eurozone.

De Grauwe (2009) argues that in the first decade of euro’s life and before the debt crisis
arises, there is little evidence that the euro caused higher growth rates in the Eurozone. On the
other hand, nobody can argue that the euro had negative impacts on growth. However, it is
also true that the EMU suffers from significant design weaknesses®, which became more
evident and stronger during the sovereign debt crisis.? What may be indicative of the progress
of economic integration among EMU members is that real effective exchange rates deviate
among them, thereby implying that their competitive positions have diverged (De Grauwe,

2009, 2010). Northern European countries such as Germany, Austria and the Netherlands,

! De Grauwe (2002, 2009) argues that the focus of the European Central Bank (ECB) on the low inflation
objective is problematic, because at low levels inflation is not a reliable signal in stabilising fluctuations in
output. Moreover, based on the EMU experience, he also argues that money (M3) has almost no predictive
power for future inflation because of the same reason.

2 De Grauwe and Ji (2013) show that member-countries of a monetary union face a self-fulfilling liquidity crisis,
because they issue debt in a currency that they do not control. In addition, De Grauwe and Ji (2014) argue that
the common interest rate allows for booms and busts, i.e. the interest rate is too low for overheating economies,
but it is too high for economies in recession.



gain in terms of international competitiveness, while competiveness in international trade for
Southern European countries, such as Greece, Italy and Spain, has deteriorated.

In this context, the present paper aims to find whether economic and financial
integration has increased among countries after the creation of the EMU.? To be precise, we
investigate whether EMU countries as well as selected non-EMU countries are financially
integrated with Germany, which is the leading country in the EMU as it has the highest
influence on the common monetary policy. We initially expect that the euro has led to
integrated commodity and capital markets in the Eurozone because of stronger trade linkages
among its member-countries. On the other hand, given the high degree of heterogeneity
across countries and the absence of (intra-euro) exchange rate fluctuations, it is doubtful that
higher economic integration can be achieved among EMU countries (especially for those that
are structurally different from Germany).

The existence of economic and financial integration between Germany and the rest of
the Eurozone’s countries (and the non-EMU countries) is tested through two well-known
international parity relationships, i.e. the Purchasing Power Parity (PPP) and the Uncovered
Interest Parity (UIP). The empirical validity of the PPP hypothesis implies that goods markets
are integrated, while the validity of the UIP condition implies the existence of capital market
integration between countries.

A survey on the related empirical literature implies that the introduction of the euro may
have failed to increase commodity and financial markets integration among EMU countries.
Koedijk et al. (2004) find evidence in favour of the PPP hypothesis within the euro area only
when common mean reversion among countries is assumed. Setting Germany as the
benchmark country and assuming heterogeneous mean reversion coefficients, their evidence
is strengthened only for France, Finland and Spain, while they found no evidence regarding
the validity of the PPP between the EMU and major non-EMU countries. Furthermore,
Christidou and Panagiotidis (2010) and Wu and Lin (2011) report that the adoption of the
euro has weakened the evidence in favor of the PPP.* Similarly, Huang and Yang (2015) find
that after the launch of the euro, the evidence in favour of the PPP is stronger for non-EMU

countries rather than EMU countries. When it comes to capital markets integration (i.e. the

% The full sample (1991:01 to 2015:01) is split into two sub-periods, i.e. the pre-EMU period (1991:01 —
1998:12) and the post-EMU period (1999:01 — 2015:01). To find whether integration has increased due to the
EMU, we first test our hypotheses on the pre-EMU period and then to the whole period (which includes both the
pre and the post EMU periods).

* Christidou and Panagiotidis (2010) test the PPP hypothesis between the EU and the USA, while Wu and Lin
(2011) test the same parity hypothesis among EMU countries.



UIP hypothesis), Kim et al. (2006) find that the degree of integration among European bond
and stock markets has declined after the introduction of the euro.

However, the above studies have tested the PPP and UIP hypotheses only as
independent parity conditions. This implies that the possibility that deviations from the PPP
equilibrium are utilized by investors when forming expectations has been overlooked.
Motivated by the seminal papers of Johansen and Juselius (1992) and Juselius (1995), we
expect that PPP deviations may interact with UIP deviations. In the present paper, we extend
the empirical literature on economic and financial integration in the Eurozone by testing the
PPP and the UIP jointly. To the best of our knowledge, we argue that the present paper is the
first that tests jointly the PPP and UIP conditions between Germany (as the leading economy
of the EMU) and the remaining EMU countries.”

Another contribution of the paper is that, compared to the majority of the empirical
studies in the literature, it uses more accurate price indices. Specifically, we utilise
constructed Traded-goods Price Indices (TPI) instead of Consumer Price Indices (CPI) in
order to avoid the presence of non-traded goods prices, which biases negatively the empirical
validation of the PPP hypothesis. Moreover, we use state-of-the-art time series econometric
techniques, which allow the presence of structural breaks in cointegration analysis.
Admittedly, the launch of the euro in 1999 and the global financial crisis of 2007 have altered
the behaviour of variables under consideration. Hence, these two facts have caused an equal
number of structural breaks, which should not be ignored by our analysis. Finally, the use of
Germany as a benchmark country allows us to shed more light on Germany’s leading role in
the Eurozone. Does the degree of economic integration between Germany and the rest of the
Eurozone’s countries allow the characterisation of Germany as the representative EMU
country? Given Germany’s domination in the Eurozone, a number of policy-related issues
arise for the future of the EMU.

The structure of the paper is as follows. The next section describes the theoretical
framework and section 3 illustrates the econometric methodology. Section 4 presents the data
set and the empirical findings, while their implications are discussed in section 5. A final

section concludes.

® Canarella et al. (2014) and Czudaj and Pruser (2015) have already tested jointly the two conditions, but not
within the Eurozone. They test the international relationships of Germany against the UK and the USA,
respectively. On the other hand, an indirect combination between the PPP and UIP conditions in the Eurozone is
performed by Arghyrou et al. (2009). These authors examine the international Fisher effect within Europe (for
EMU and non-EMU countries against the EMU average real interest rate). Similarly, Dreger (2010) tests the real
interest parity in a set of 15 countries (including selected European countries, Japan and the USA), but in this
study the USA has been used as the base country.



2. Theoretical Framework

The economic integration between Germany and the rest of the Eurozone’s countries is
theoretically modeled through two well-known international parity relationships, i.e. the
Purchasing Power Parity (PPP) and the Uncovered Interest-rate Parity (UIP). The empirical
validity of the PPP hypothesis implies that goods markets are integrated, while the validity of

the UIP condition implies the existence of capital market integration between countries.

2.1 Purchasing Power Parity
Purchasing Power Parity is based on the Law of One Price (LOP), which states that identical
goods across countries should have the same price once they are converted to a common
currency. On the same basis, the absolute version of PPP can be written as follows:

R=SFR, 1)
where P, is the domestic price level, P” corresponds to the foreign price level and S, is the

nominal exchange rate measured as units of domestic currency per unit of foreign currency.
Taking the natural logarithm of equation (1) and rearranging it properly, we get:®

p—p =5 =0. (2)

Equation (2) reflects the basic idea of the relative PPP form. It implies that the nominal

exchange rate adjusts in the long-run so that to offset price differentials and restore

equilibrium in international goods markets. This means the exchange rate and relative prices

form a long-run equilibrium relationship. Equivalently, relative PPP holds if the real exchange

rate is stationary, i.e.:

P — pt*_st ~1 (O) 3)

2.2 Uncovered Interest-rate Parity

On the other hand, the fundamental idea of the Uncovered Interest-rate Parity condition is that
if the expected returns on domestic and foreign equivalent assets are different, then economic
agents will borrow at the low rate and invest the proceeds at the high rate. This procedure will
stop when both rates are equalised plus the expected rate of change in the exchange rate.

Thus, the UIP condition can be expressed in the following log-linear form:
it = it* +EAS,, 4)

where i, and i; are the domestic and foreign interest rates, E, is the conditional expectations

® Lower-case letters correspond to natural logarithms of the variables of equation 1.



operator at time t and E,As,,, denotes the expected rate of change of the nominal exchange

rate from period t to t+k. In other words, the UIP condition describes how assets arbitrage
restores equilibrium in international capital markets. Further, under the assumption that agents
form rational expectations, which implies that they do not make systematic forecast errors,
UIP condition will be empirically validated if the change of the nominal exchange rate and

the interest rate differential form a stationary long-run relationship, i.e.:
i, —i, +As, ~ 1(0). (5)
Having in mind that the first difference of the nominal exchange rate is usually nonstationary,

the empirical evidence in favour of the UIP condition requires that:

i —i ~1(0). (6)

2.3 Interaction between PPP and UIP

Both international parity conditions may hold as independent long-run equilibrium
relationships.” However, based on the seminal papers of Johansen and Juselius (1992) and
Juselius (1995) and the subsequent papers in literature (see, inter alia, MacDonald and Marsh,
1997; Juselius and MacDonald, 2004), we expect a possible interaction among prices, interest
rates and exchange rates. Hence, PPP and UIP conditions should not be examined
independently. The central idea of the connection between commodity and capital markets is
that deviations from PPP equilibrium are utilised by investors when formatting expectations

for the future exchange rate.® In this sense, if investors form rational expectations and the
expected exchange rate is given by Es,, =p,—p; , the relation that combines the PPP and
the UIP conditions is as follows:

s, +p; —p, +i, —i, =0. (7)
Likewise, the interaction between PPP and UIP conditions forms stationary long-run

relationships if:
S+ P — P +i,—i, ~1(0). (8)
The condition expressed in equation (8) can be satisfied if PPP and UIP hold jointly, that is:

7 On the other hand, we should not ignore the presence of a number of theoretical and empirical factors which
prevent the empirical validation of the above international parities. For example, transportation costs, tariff and
non-tariff barriers, pricing to market and the Balassa-Samuelson effect explain deviations from PPP. Similarly,
UIP deviations may be explained by transaction costs, differences in taxation and risk, and capital controls.

® In addition, the connection between PPP and UIP conditions implies that expected real returns are equal across
countries. Moreover, PPP and UIP conditions are also combined in theoretical and empirical literature to build
one more approach to equilibrium exchange rates, which is the Capital Enhanced Equilibrium Exchange Rate
(CHEER).



p— P - ~1(0) and i; =i, ~ 1(0) 9)

Alternatively, the above condition can also be satisfied if:

p—p —s ~1(1) and i —i, ~ 1 (1), but s+ p —p, +i,—i; ~1(0). (10)
In terms of cointegration, equation (10) implies exploiting the following vector:
ytlz[st’pt’pt*’it’it*] . (11)

Expression (10) shows that PPP and UIP conditions are not identified as independent
long-run relationships, but they form a stationary equilibrium relation when considered
jointly. This implies that PPP deviations interact with UIP deviations and generate a long-run
equilibrium relationship. In other words, the nominal exchange rate adjusts to price level and
interest rate differentials to restore simultaneous equilibrium in commodity and capital

markets.

2.4 Theoretical Hypotheses

To test whether PPP and UIP conditions hold jointly or individually, we first define the
theoretical hypotheses under investigation. However, the form of the theoretical restrictions is
subject to the number of long-run relationships (i.e. cointegrating relations) found among the
variables of interest. At first sight, we expect two long-run relationships, which may
correspond to the PPP and UIP relations, respectively. The two long-run relationships may be
either individual or interdependent. In this case, the theoretical restrictions, as suggested by

Johansen and Juselius (1992), are formed as follows:

H,: PPP condition is identified with unrestricted interest rates, and UIP condition is identified
with unrestricted price levels.

JH,: PPP condition is identified as a strict individual relationship, and UIP condition is
identified as a strict individual relationship.

JH5: PPP condition is identified while interest rates have equal and opposite signs, and UIP

condition is identified while price levels have equal and opposite signs.

JH; tests the hypothesis that PPP and UIP hold. If J; cannot be rejected we proceed to F5,

which tests the hypothesis that PPP and UIP hold only individually. Once the latter hypothesis

is rejected, we test the hypothesis that PPP and UIP hold jointly (J43), thereby implying

strong interaction between goods and capital markets.
The above representation of the theoretical hypotheses applies when two long-run

relationships exist among variables. But, this is not the only possible case. It is true that we

7



cannot exclude the possibility that the variables of interest may form only one long-run
relationship. In this case, theoretical restrictions need to be slightly modified. Although the
literature about the interaction between PPP and UIP conditions is rich, none of the previous
studies has provided insights on how theoretical restrictions should be modified in the case of
a unique long-run relationship. In this paper, we extend the literature by testing the joint
identification of PPP and UIP conditions under a unique long-run relationship. Hence,
theoretical hypotheses are modified as follows®:

JH,: PPP condition is identified with unrestricted interest rates.
JHs : UIP condition is identified with unrestricted price levels.
Hs : PPP condition is identified as a strict individual relationship.
- : UIP condition is identified as a strict individual relationship.
JHg : PPP condition is identified while interest rates have equal and opposite signs.
Ha : UIP condition is identified while price levels have equal and opposite signs.
HHio: PPP and UIP conditions are fully identified jointly.
The testing procedure is the same as above. One can easily observe that J; and Hs
correspond to the joint hypothesis JH;. Similarly, Hs and JH; refer to H,, while Hg and H

correspond to JH; The reason that the initial hypotheses are split is the existence of a single

long-run relationship. Hence, the unique long-run relationship may represent the PPP
condition or the UIP condition. One the other hand, price level and interest rate differentials
may form a single long-run relationship with the nominal exchange rate. In this case, the PPP
and UIP conditions hold jointly under the same long-run relationship. This hypothesis is

expressed by FHio.

3. Cointegration Models

The current analysis is mainly based on cointegration tests. We perform two types of tests:
those without structural breaks in the data and those that include structural breaks. For the
cases that we do not include structural breaks, we implement the standard multivariate
approach of Johansen along with the methodology developed by Saikkonen and Liitkepohl

(2000a,c) [SL]. Concerning cointegration tests in the presence of structural breaks in the data,

% The modification of the restrictions imposed in the cointegrated space and the revised design matrices are
illustrated in the empirical results section.



there is a recent large literature on different approaches and techniques.’® For reasons of
comparison and consistency with the cases that we do not include structural breaks, we
employ the approach of by Johansen et al. (2000) [JMN] as well as the approach developed
by Liitkepohl and his co-authors (Liitkepohl and Saikkonen 2000; Saikkonen and Liitkepohl
2000b; Trenkler et al. 2008) [LST].

The JMN approach extends the Johansen cointegration analysis by adding in the VECM

several dummy variables, in order to account for g possible exogenous breaks in the levels

and trends of the deterministic components of a vector-valued stochastic process. Using the
response surface method, this approach derives the asymptotic distribution of the trace
statistic for cointegration and obtains critical values or p-values.

Similarly, the LST approach extends the cointegration methodology developed by
Saikkonen and Liitkepohl. Again it is assumed that in the data generating process (DGP) for a

vector-valued process Y, , its deterministic part () does not affect its stochastic part (x)."*
Thus, the deterministic part can be removed in the first stage, and the likelihood ratio (LR)

cointegration test can be applied in the second stage using the detrended stochastic part of vy, .
In the case of a single exogenous break at time T, in g, , in both the level and the trend of ,,
the DGP fory, is
Vo =4+ X =ty + it +00, +0,d, +x, t=1..T, (12)
where t is a linear time trend, 4 (i=0,1) and o, (i=0,1) are unknown (vx1) parameter
vectors, b, and d, are dummy variables defined as b,=d, =0 for t<T;,, and b, =1 and
d, =t-T;+1 for t>T,. The unobserved stochastic error x, has the following VECM
representation:
A =TIx, + > TMx +6 . &~iidNO,Q), t=1..T. (13)
It is also assumed that the components of x, are at most (1) and cointegrated (i.e., IT=af')

with cointegrating rankr,. Based on equations (12) and (13), estimates of y,, 4,5, and o,

can be obtained with the use of a feasible GLS procedure under the null hypothesis

H,(r,):rank(IT) =r,: vs. H,(r,):rank(IT) > r,. Using these estimates, the detrended series

19 perron (2006) provides a comprehensive review of the literature.
1 Note that structural breaks along with deterministic components are included in the deterministic part of Y.



R =Y, — i, — iyt—5,d, —Sb, are computed. Finally, x is replaced by % in the VECM
expressed in equation (13) and the following trace statistic is computed:

LST,.. =T Zf’:w In(1- %), (14)

where the eigenvalues 1 'scan be obtained by solving a generalised eigenvalue problem,

along the lines of Johansen (1988). Asymptotic results and critical values for the case of one

break were derived by Trenkler et al. (2008), using response surface techniques.

4. Data and Empirical Results

4.1 Data

The dataset consists of monthly observations from 1991:01 to 2015:01 on nominal exchange
rates, interest rates and traded-goods price indices (based on export and import price indices
and total exports and imports) for nine core EMU countries, three EU (but non-EMU)
countries and two non-EU countries. The cluster of the EMU countries includes Belgium,
Finland, France, Germany, Greece, Ireland, Italy, The Netherlands and Spain, while the whole
sample is filled with Denmark, Sweden, UK (EU — but non-EMU — countries) and Japan,
USA (non-EU countries).** Throughout the paper, the benchmark country is Germany.
Therefore, all nominal exchange rates correspond to national currencies against the Deutsche
mark. For the pre-EMU period, Deutsche mark exchange rates were retrieved from the
statistical databases of Eurostat and Bundesbank.'®* Obviously, there is no official exchange
rate between Germany and any EMU member country for the post-EMU period. However,
there was an exchange rate relationship between EMU countries at the time of the adoption of
the single currency, which remained fixed since then. This could imply that there is a
hypothetical and constant exchange rate between Germany and EMU countries. To derive this
hypothetical exchange rate (for the post-EMU period), we calculate cross exchange rates
based on the fixed euro conversion rates of EMU countries. For example, the post-EMU
exchange rate between Germany and France is calculated as 6.5597/1.95583 = 3.353855 and
remains unchanged until the end of the estimation period. All nominal exchange rates are

transformed into a logarithmic form.

12 Traded-goods price indices could not be calculated for Austria, Luxembourg and Portugal due to data
unavailability. Hence, these countries have been excluded from our dataset. Moreover, the sample period for
Belgium is 1993:01 — 2015:01, while the starting date for Denmark is 1995:01.

'3 For non-EMU members (Denmark, Sweden, Japan, UK and USA) Deutsche mark exchange rates have been
retrieved by Eurostat and Bundesbank for the whole period of estimation.
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Moreover, interest rates correspond to the yield of 10-year government bond and are
collected from the statistical database of Eurostat. We have preferred the use of long-run
interest rate instead of short-run interest rate for various reasons. First, because of the
common monetary policy, short-run interest rates do not fully reflect members’ individual
characteristics. For example, money market rates mostly reflect European Central Bank’s
policy decisions. Second, long-run interest rates reflect the long-run process of the economy
and thus, are more appropriate when the long-run exchange rate is examined. Finally, the
yield of government bonds is able to capture the impact of the EMU sovereign-debt crisis on
capital markets and financial integration within Eurozone.

For national price levels we have used constructed traded-goods price indices (TPI)
instead of consumer price indices (CPI) so that to avoid the presence of non-traded goods
prices, which biases negatively the empirical validation of the PPP hypothesis. Following Xu

(2003) and Giannellis and Papadopoulos (2010) inter alia, we construct the traded goods price
index (TPI) as a weighted average of the log of export price index (p*) and the log of import
price index ( p™). The weights are the shares of total exports and total imports in total trade.

The formula of the TPI is the following:

TPl =(a- p*)+(B-p"), (15)
where o = expo_rts and g= |mpo_rt3 . The above international trade data
exports +imports exports-+imports

were retrieved from the International Financial Statistics of the International Monetary Fund
database. Concerning prices and depending on data availability, we have used either export
and import price indices or export and import unit value indices. The base year for all indices
is 2010. Also, the value of exports and imports is expressed in US dollars.

4.2 Unit Root Tests Results

The sample is split into two sub-periods, i.e. pre-EMU period (1991:01 — 1998:12) and post-
EMU period (1999:01 — 2015:01), but the estimation period is focused on the pre-EMU
period and the whole period (which includes both the pre and post EMU periods).* As a
preliminary analysis of the data, we have employed a number of unit root tests, such as the
Augmented Dickey-Fuller (Dickey-Fuller, 1981); the Elliot et al. (1996) and Elliot (1999)
GLS augmented Dickey-Fuller; and the Kwiatkowski et al. (1992) KPSS tests. The null

 For Greece, the pre-EMU period is up to 2000:12. Moreover, the starting date for Denmark is 1995:01 due to
restrictions on data availability. As pre-EMU period (1995-1998) is too short in the case of Denmark, we do not
present results for this sub-period, but only for the whole sample.

11



hypothesis in the first two tests (ADF and DF-GLYS) is that a series contains a unit root. In
contrast, the KPSS test includes the opposite hypothesis (i.e. a series is stationary).® The

results from these tests imply that all series, apart from the pre-EMU exchange rate in the case

of Belgium, are difference stationary, i.e. they are I (1) in levels, but 1(0) in first differences.

However, the Belgian exchange rate in the pre-EMU period is an unambiguous exception. All

tests unanimously reveal that this series is integrated of order zero, i.e. 1(0), in levels.

Therefore, we consider this series as covariance stationary.™

4.3 Cointegration Space and its Structure
As noted above, the estimation period is focused in the pre-EMU period and the whole period.
For the pre-EMU period estimation we do not include structural breaks in the VECMs, and
thus we implement the Johansen and SL cointegration methodologies. On the contrary, for the
whole period estimation we include two structural breaks in the cointegration tests, which
were detected exogenously as suggested by economic theory. Of course, this detection was
based on specific economic events that took place during the sample period. For all sample
countries except Greece, the first structural break is allowed to be at the formation of the
EMU in January 1999. For Greece, the first break is placed in January 2001, when the country
joined the EMU. Also, for all sample countries the second break is allowed to be at the
beginning of the recent global financial crisis. According to the U.S. National Bureau of
Economic Research this crisis began in December 2007. Thus, for the whole period
estimation we implement the JMN and LST cointegration approaches. Especially for the LST
test, we extended equation (12) by adding a second step dummy and a second linear trend
dummy. Then, for each country, the LST trace statistic and the corresponding response
surface p-values were computed using GAUSS codes. Also, the lag length for each VECM
was selected using the Akaike information criterion (AIC).

Concerning the structure of the cointegrating vectors, the theoretical hypotheses were

analysed in Section 2.4. For a p-dimensional system, restrictions on the cointegration
structure can be tests by formulating g =[H,4,...H. 4], where H, are (pxq) design
matrices and ¢ are (g, x1) vectors of g, free parameters. When two long-run relationships

exist among variables, the theoretical hypothesis F; implies that the first cointegrating vector

describes the PPP condition with unrestricted interest rates, while the second cointegrating

1> None of the unit root tests could be applied on post-EMU exchange rates as they are strictly constant.
18 Unit root tests results are not reported here to save space. However, they are available upon request.
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vector describes the UIP condition with unrestricted prices. Thus, the cointegrating vectors

are =1 -11 ¢,, ¢,] and B, =[1, ¢,,, #,, ,—1 1], while the respective design matrices are

the following:
1 0 0] 1 0 0]
-1 00 0 10
H,=/1 0 Ojland Hy;=|0 0 1].
0 10 -1 00
|0 0 1] |1 0 0]

This LR test, which captures the proportionality and symmetry conditions, is distributed
asymptotically as y* with 2 degrees of freedom. If J4; cannot be rejected we proceed to the
theoretical hypothesis JH,, which implies that PPP and UIP hold only individually. In this
case, the cointegrating vectors are £ =[1 -1,1,0,0] and 5, =[1 0, 0,-1, 1], the respective

design matrices are

TR o
-1

H,,=|1|and H,; =| 0 |,

-1

_O_ _1_

while the LR test is distributed asymptotically as y* with 6 degrees of freedom. If the latter

hypothesis is rejected, we test the theoretical hypothesis J3, which implies that PPP and UIP
conditions hold jointly and thus, there is strong interaction between goods and capital

markets. In this case, the cointegrating vectors are g =[1-11,-¢,, ¢,] and

5, =L —a,, ¢, ,—1 1], the respective design matrices are

1 0] 1 0

-1 0 0 -1
Ho,={1 O0|and Hy;=| 0 1],

0 -1 -1

|10 1] 1 0

while the LR test is distributed asymptotically as y* with 4 degrees of freedom.
When a single long-run relationship exists among variables, the theoretical restrictions

are slightly modified. Thus, for the theoretical hypotheses F; and Js, which correspond to

13



the joint hypothesis ), the cointegrating vector is either B=[1 -11 ¢, 4] or

L= 4, ¢, -1 1], respectively. The design matrix is

1 00 1 00

-1 00 10

either H,=|{ 1 0 OflorH,=|0 0 1],
10 -1 00

|0 0 1] |1 0 0]

respectively, while for both cases the LR test is distributed asymptotically as y* with 2
degrees of freedom. Similarly, for the theoretical hypotheses FHs and J7, which correspond
to the joint hypothesis J{,, the cointegrating vector is either A=[1, -1,1,0, 0] or

B =[1,0,0,-1, 1], respectively. The design matrix is

1

-1
either H,=[ 1 | or H,=| 0 |,
-1
_0_ _1_

respectively, while for both cases the LR test is distributed asymptotically as y° with 4
degrees of freedom. Also, for the theoretical hypotheses FHg and FHy, which correspond to the
joint hypothesis #z the cointegrating vector is either B=[1 -11 —d¢, 4] or

L=[1 -4, ¢ ,-1 1], respectively. The design matrix is

1 0 1 0
-1 0 -1

either H={ 1 0 |orH,=0 1|,
-1 -1 0

0 1] |1 ]

while for both cases the LR test is distributed asymptotically as y*> with 3 degrees of freedom.

Finally, for the theoretical hypothesis J10, which implies that the PPP and UIP conditions

hold jointly under the same long-run relationship, the cointegrating vector is

B=[1, -1,1 -1, 1], the respective design matrix is

14



while the LR test is distributed asymptotically as y* with 4 degrees of freedom.

4.4 Results for the Pre-EMU Period
Table 1 reports the Johansen and SL trace statistics and the respective p-values for each of the
sample countries, for the pre-EMU period. As shown in this table, the results indicate two
cointegrating vectors for the cases of Greece, Italy, Spain, The Netherlands and the USA, at
the 5 per cent level of significance.'” In the case of Belgium, both tests indicate three
cointegrating vectors. However, the third vector may be attributed to the stationarity of the
Belgian exchange rate in the pre-EMU period. To make it clear, we test the hypothesis that
one of the three cointegrating vectors is determined only by the stationary exchange rate. This
test’s result (x> = 2.50 and p-value = 0.29) indicates that the above hypothesis cannot be
rejected. Finally, both tests provide evidence of a single cointegrating vector for the cases of
Finland, France, Ireland, Japan, Sweden and the UK.

Table 2 reports the test results regarding the structure of the cointegrating vectors for
the six countries that there is evidence of two cointegrating vectors. As shown in the second

column of table 2, the theoretical hypothesis 3, which implies that the first vector describes

the PPP condition with unrestricted interest rates and the second vector describes the UIP
condition with unrestricted prices, cannot be rejected for Belgium, The Netherlands and
Spain, at the 5 per cent level of significance. This hypothesis is marginally rejected for Greece
(p-value = 0.04) and strongly rejected for Italy and the USA, at the same level of significance.
Column 3 of table 2 indicates that the theoretical hypothesis JH,, which implies that PPP and
UIP hold only individually, is strongly rejected for all countries. Finally, as shown in column

4 of table 2 the theoretical hypothesis 7z, which implies strong interaction between goods

and capital markets, cannot be rejected only for the case of Greece. As the hypothesis 74, is

marginally rejected for Greece, we can conclude that for this country the PPP and UIP

conditions hold jointly. The latter result seems reasonable as the country performed

7 In the case of The Netherlands, the SL trace statistic indicates two cointegrating vectors, while the Johansen
test indicates three vectors. However, Liitkepohl et al. (2003) found that their test has better size and power
properties in finite samples. For this reason, we consider two cointegrating vectors also for The Netherlands.
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significant economic adjustment in the second half of the 1990s, in order to fulfil the
convergence criteria for joining the EMU.

Table 3 reports the respective test results for the six countries that there is evidence of a
single cointegrating vector. As shown in columns 2 and 3 of table 3, the theoretical hypothesis

H, is rejected for all cases, while the theoretical hypothesis JHs cannot be rejected only for

the cases of Finland and France, at the 5 per cent significance level. This implies absence of
commodity market integration, but instead there is indication of capital markets integration in

the cases of France and Finland. Columns 4 and 5 of table 3 indicate that both the theoretical

hypotheses FHs and FH; are rejected for all cases. Following the testing procedure, columns 6
and 7 of table 3 indicate that the theoretical hypothesis g is rejected for all cases, while the
theoretical hypothesis JHy cannot be rejected only for Finland. Namely, when hypotheses
become more restrictive (i.e.Hg compared to JH,; and FHy compared to JHs), there is evidence
of capital market integration only between Germany and Finland, while the evidence of
commodity market integration is still absent. Similarly, as shown in the last column of table 3

the theoretical hypothesis F1o, which implies that the PPP and UIP conditions hold jointly

under the same long-run relationship, cannot be rejected only between Germany and Finland.

Summarising the above results for the pre-EMU period, we conclude that there is
evidence of partial economic integration between Germany and each of Belgium, The
Netherlands and Spain, as for these three countries the two cointegrating vectors can be
identified as the PPP condition with unrestricted interest rates and the UIP condition with
unrestricted prices. There is also evidence of partial financial integration between Germany
and France, as the single cointegrating vector can be identified as the UIP condition with
unrestricted prices. Our results imply evidence of full economic integration between Germany
and each of Finland and Greece due to the interaction between commodity and capital
markets. For the former country the single cointegrating vector identifies the joint existence of
the PPP and UIP conditions, while for the latter country the two cointegrating vectors can be
identified as the PPP condition with equal and opposite signs in interest rates and the UIP
condition with equal and opposite signs in prices. On the other hand, our evidence implies
absence of economic integration between Germany and each of Ireland, Italy, Sweden, the
UK, Japan and the USA, in the pre-EMU period.

4.5 Results for the Whole Period

16



Moving to the whole period estimation, the JMN and LST trace statistics for all sample
countries are reported in Table 4. As shown in this table, both tests indicate two cointegrating
vectors only for the case of Belgium. For the cases of Finland, France, Spain, Denmark, Japan
and Sweden, the JMN test indicates different number of cointegrating relations than the LST
test. As noted above, the LST test has better size and power properties than the JMN test in
finite samples, and thus we can conclude that for the above six countries there is a single
cointegrating vector. Finally, both tests also provide evidence of a single cointegrating vector
for the cases of The Netherlands, the UK and the USA, and no evidence of cointegration for
the cases of Greece, Ireland and Italy.

Table 5 reports the test results regarding the structure of the cointegrating vectors for
the case of Belgium, for which there is evidence of two cointegrating vectors. As shown in the
second column of table 5, the theoretical hypothesis J1, which implies that the first vector
describes the PPP condition with unrestricted interest rates and the second vector describes
the UIP condition with unrestricted prices, cannot be rejected, at the 5 per cent significance.
On the contrary, as shown in columns 3 and 4 of table 5 both theoretical hypotheses 7, and
JH are strongly rejected.

The respective test results for the nine countries with a single cointegrating vector are
reported in table 6. As shown in columns 2 and 3 of table 6, the theoretical hypothesis F,
cannot be rejected for the cases of Finland, The Netherlands, Denmark, Japan and marginally
for the USA, while the theoretical hypothesis Fs cannot be rejected only for the cases of

Sweden and the USA, at the 5 per cent significance level. To this point, there is evidence of
partial commodity markets integration in the cases of Finland, The Netherlands, Denmark and
Japan; evidence of partial capital markets integration in the case of Sweden and indications of

joint commodity and capital markets integration in the case of the USA. Columns 4 and 5 of
table 6 indicate that both the theoretical hypotheses Hg and FH- are rejected for all cases,
thereby implying that PPP and UIP conditions do not hold strictly as independent
relationships. Following the same testing procedure as in the previous subsection, columns 6
and 7 of table 6 indicate that the theoretical hypothesis HHg cannot be rejected only for the
case of Finland, while the theoretical hypothesis FHy is rejected for all cases but marginally
for Sweden, at the 5 per cent level of significance. Finally, as shown in the last column of

table 3 the theoretical hypothesis o is rejected for all cases. Likewise, when hypotheses
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become more restrictive, the evidence in favour of economic and financial integration is
weakened.

Summarising the estimation results for the whole period and comparing them with those
of the pre-EMU period, we can conclude the following: Regarding the EMU member states,
partial economic integration between Germany and each of Belgium and The Netherlands
remains. There is also evidence of almost full integration in the goods market between
Germany and Finland. On the other hand, there is absence of economic integration between
Germany and each of Ireland and Italy as before. However, our results indicate absence of
economic integration also between Germany and each of France, Greece and Spain. This
result can be probably attributed to the global financial crisis that harmed the economies of
these three countries. Regarding the EU but non-EMU member states, there is evidence of
partial integration in the goods market between Germany and Denmark, and almost full
financial integration between Germany and Sweden. Finally and regarding the non-EU
countries, our results imply evidence of partial integration in the goods market between
Germany and Japan, and partial financial integration between Germany and the USA. On the

other hand, absence of economic integration between Germany and the UK remains.

5. Discussion

Surprisingly or not, our results imply stronger evidence of financial integration between
Germany and the selected EMU countries before the launch of the euro. For the pre-EMU
period, Germany was found to be integrated with most of the EMU countries, while stronger
evidence of commodity and capital markets integration was found in the cases of Finland and
Greece. The latter result reflects the traditionally high cultural and trade linkages between
Finland and Germany and the adjustment of the Greek economy towards the requirements of
the Maastricht treaty, respectively. On the other hand, economic and financial integration
could not be established between Germany and each of Italy and Ireland.

When the whole sample is examined, there is weaker evidence of economic and
financial integration between Germany and the rest of the EMU countries. Our results indicate
evidence of simultaneous commodity and capital markets integration only between Germany
and Belgium, while there is evidence of only commodity market integration between
Germany and each of Finland and the Netherlands. In contrast, we found no evidence of
either commodity or capital market integration between Germany and each of France, Greece,

Italy, Ireland and Spain.
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These results imply that despite the launch of the common currency, Germany has
financially diverged from most of the EMU countries under investigation. One could argue
that this is an outcome of the bad architecture of the Eurozone. In contrast, one could say that
this is because of the use of longer span of data in our analysis (i.e. whole period compared to
pre-EMU period)."® Before we adopt any of the above arguments, it is useful to investigate
the same research question when non-EMU countries are considered. This analysis reveals
that, at the pre-EMU period, Germany was not financially integrated with any of the selected
non-EMU countries. However, when the whole sample was the case, we found evidence of
simultaneous commodity and capital markets integration with the USA. In addition, there was
evidence of commodity market integration with Denmark and Japan and evidence of capital
market integration with Sweden. Finally, the lack of integration with the UK remains.

Hence, we could not argue that the aforementioned poor evidence of financial
integration within the Eurozone can be attributed to any global phenomenon. At the same
period, our results imply stronger evidence of financial integration between Germany and the
selected non-EMU countries rather than between Germany and the selected EMU countries.
In contrast to the aim of the monetary union, this could mean that Germany seeks stronger
economic and financial relationships outside the EMU. Certainly, this is not true. But, what is
this that prevents the integration with some EMU countries? Moreover, what explains the fact
that Germany is shown to be more integrated with non-EMU countries? Both questions have
the same answer. This is the exchange rate! Normally, the nominal exchange rate adjusts in
the long-run to offset any differentials and restore equilibrium. This is the case between
Germany and the non-EMU countries. Obviously, the lack of exchange rate adjustment within
EMU prevents the PPP and UIP conditions to hold in the long-run. However, this does not
mean that these conditions are not possible to hold in monetary unions. We just need to
consider in which cases the exchange rate necessarily adjusts. Nominal exchange rates should
change if permanent disequilibria exist, as a result of the heterogeneity across countries.
Moreover, exchange rates are sensitive to monetary policy changes. In a monetary union, if
country-members respond symmetrically to shocks, equilibrium may be restored without any
exchange rate adjustment. In our empirical exercise, this is shown in the cases of Belgium,
Finland and the Netherlands. On the other hand, equilibrium could not be restored in the
remaining selected EMU countries. As a consequence, this evidence implies that commodity

18 Although we allow for the presence of two structural breaks, this view implies that some other facts that took
place in the global economic system may have affected the evidence in favour of the PPP and UIP hypotheses.
These effects, if they exist, are possibly captured by the whole sample.
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and capital markets disequilibrium exist, which cannot be restored along the lines of the
monetary union.

Intuitively, this evidence reveals that the common monetary policy cannot ensure higher
financial integration in the Eurozone. It is apparent that the key prerequisite for a successful
monetary union is homogeneity across country-members. Our empirical results confirm the
above argument. In one hand, countries that share economic similarities with Germany, such
as Finland, the Netherlands and Belgium, are shown to be financially integrated with it. On
the other hand, there is no evidence of financial integration with countries that are structurally
different from Germany. The cases of Greece, Italy, and Ireland attract special attention as no
long-run relationship could be identified among the variables of interest. A number of
deviations in national policies and market regulations (compared to Germany) may explain
the above evidence. In other words, the existing heterogeneity causes permanent
disequilibrium in markets, which cannot be handled without exchange rate adjustment.

To put it differently, our empirical investigation provides evidence against the well-
known statement “one size fits all”. The above analysis implies that the unique monetary
policy does not fit to all country-members. This awareness raises serious concerns about the
future of the Eurozone. Further, Germany’s leading role in the Eurozone is in question. How
satisfactory is the fact that the leading country in the Eurozone has financially diverged from
most of the other country-members? Does the common monetary policy really reflect the
needs and objectives of all country-members of the Eurozone? Is the fight against inflation
able to solve the current problems in the Eurozone?

These concerns reveal that EMU is, or will be soon, in trouble. Although, a generous
modification of the applied monetary policy could make the differences among countries
smoother, the EMU will have the opportunity to solve its problems if efficiently addresses its
design weaknesses. Homogeneity across country-members can be achieved through the
harmonization of national economic policies and market structures. EMU authorities are
currently attempting to achieve market structure synchronization by promoting structural
reforms in national economies. However, economic policy synchronization requires even

stronger economic integration, which in turn cannot be achieved without political unification.

6. Concluding Remarks
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The Eurozone is admittedly on a critical phase. After a decade of general stability, a number
of problems have been appeared on the surface indicating the design weaknesses of the
Eurozone (see, De Grauwe and Ji, 2013; 2014). The emergence of the public debt crisis in some
southern European countries (known as EMU sovereign-debt crisis) as well as the existing
heterogeneity across country-members causes serious worries about the Eurozone’s future.
How potential asymmetric shocks can be handled by the unique monetary policy? Further, are
country-members integrated enough so that to respond symmetrically to common
disturbances? In this perspective, the primary aim of the present paper is to test whether
selected EMU countries are financially integrated with Germany, which has the highest
influence on the Eurozone. Next, we extend this empirical investigation to non-EMU
countries as well.

By employing state-of-the-art econometric techniques and accurate price indices, we
test jointly the existence of commodity and capital markets integration between Germany and
each of the selected countries. Our results shed light to a somewhat odd story for a monetary
union, such as the EMU. Before the launch of the euro, commodity or capital markets
integration could not be identified only between Germany and each of Italy and Ireland.
Instead, when the sample was extended by the post-EMU period, we found evidence of
commodity or capital markets integration only between Germany and each of Belgium,
Finland and the Netherlands. A completely different story is implied for the case between
Germany and the selected non-EMU countries. Germany was not financially integrated with
any of these countries during the pre-EMU period. However, after the launch the euro,
Germany was found to be financially integrated with Denmark, Sweden, Japan and the USA.

Strictly speaking, it is shown that since the establishment of the EMU, the leading
economy of the EMU has financially diverged from most of the EMU’s economies. But, at
the same time, financial integration with non-EMU economies has been stronger. We argue
that the lack of exchange rate adjustment combined with the existing heterogeneity across
country-members can explain this embarrassing finding. A number of concerns about the
future of the Eurozone and the leading role of Germany arise. Rephrasing the well-known
statement “one size fits all ”, we conclude that our analysis implies that “Germany’s size does
not fit all”. Finally, to avoid current and future problems, the EMU has to fight its design

weaknesses.
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Table 1

The Johansen (J) and SL cointegration tests for the pre-EMU period

Country (p-1) Jrrace SLrace k
Belgium 5 143.58* (0.00)  106.86* (0.00) 7
4 73.69* (0.00) 45.95* (0.01)
3 33.70* (0.02) 28.42* (0.01)
2 9.81 (0.30) 9.70 (0.13)
1 0.13 (0.72) 0.39 (0.59)
Finland 5 70.19* (0.04) 61.55* (0.04) 2
4 36.17 (0.39) 34.08 (0.18)
3 14.74 (0.80) 12.61 (0.66)
2 7.54 (0.52) 4.07 (0.70)
1 3.50 (0.06) 0.08 (0.83)
France 5 80.58* (0.02) 70.97* (0.00) 4
4 48.40 (0.15) 36.10 (0.12)
3 23.46 (0.50) 18.68 (0.22)
2 12.54 (0.40) 10.13 (0.11)
1 4.68 (0.32) 3.05 (0.10)
Greece 5 77.63* (0.01) 79.01* (0.00) 7
4 51.93* (0.02) 40.65* (0.04)
3 27.75 (0.08) 15.41 (0.43)
2 9.78 (0.30) 5.43 (0.51)
1 2.55 (0.11) 0.07 (0.85)
Ireland 5 74.41* (0.02) 70.99* (0.00) 3
4 37.26 (0.34) 32.64 (0.23)
3 11.31 (0.95) 11.06 (0.78)
2 3.35 (0.95) 2.06 (0.94)
1 0.05 (0.82) 1.07 (0.35)
Italy 5 114.48* (0.00)  99.89* (0.00) 9
4 65.06* (0.00) 58.01* (0.00)
3 29.43 (0.06) 20.44 (0.36)
2 14.54 (0.07) 14.60 (0.08)
1 0.93 (0.34) 0.23 (0.98)
The 5 116.87* (0.00) 109.85* (0.00) 10
Netherlands 4 57.48* (0.00) 47.24* (0.03)
3 31.77* (0.03) 26.67 (0.09)
2 13.85 (0.09) 7.82 (0.57)
1 0.01 (0.91) 0.01 (0.99)
Spain 5 101.67* (0.00)  100.39* (0.00) 7
4 54.14* (0.01) 60.00* (0.00)
3 28.01 (0.08) 21.72 (0.28)
2 7.84 (0.48) 7.49 (0.61)
1 0.52 (0.47) 0.00 (1.00)
Japan 5 70.96* (0.04) 77.84* (0.00) 2
4 33.33 (0.54) 38.27 (0.08)
3 10.35 (0.97) 12.86 (0.64)
2 4.75 (0.83) 5.00 (0.57)
1 1.11 (0.29) 2.65 (0.12)
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Table 1 (continued)

Country ( p- ro) Jrrace SLrace kA
Sweden 5 74.14* (0.02) 72.55* (0.00) 2
4 37.09 (0.34) 37.64 (0.09)
3 10.73 (0.97) 12.41 (0.68)
2 3.89 (0.91) 6.41 (0.39)
1 0.27 (0.61) 2.01 (0.18)
UK 5 88.02* (0.00) 86.05* (0.00) 2
4 39.08 (0.26) 36.22 (0.12)
3 22.18 (0.29) 19.33 (0.19)
2 10.44 (0.25) 7.99 (0.24)
1 3.55 (0.06) 0.08 (0.83)
USA 5 101.85% (0.00)  72.52* (0.00) 2
4 67.77* (0.02) 45.69* (0.04)
3 36.71 (0.18) 23.34 (0.20)
2 18.17 (0.33) 8.38 (0.50)
1 6.28 (0.43) 3.51 (0.27)

Notes: The values reported at the top of the third and fourth columns
for each panel is for r, =0, so that p—r, = p is the dimension of the
VECM. Numbers in parentheses are p-values. k denotes the

estimated lag length in the VECM. * denotes rejection of the null
hypothesis at the 0.05 level of significance.
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Table 2
Likelihood ratio tests for the structure of cointegrating vectors for the pre-EMU
period

Country H, H, H,
(PPP with unrestricted ~ (Only PPP, only UIP)  (PPP with interest rates
interest rates, UIP with with equal and opposite
unrestricted prices) signs, UIP with prices
with equal and opposite
signs)
Belgium 2.02 (0.36) 38.09* (0.00) 10.59* (0.03)
Greece 6.59* (0.04) 18.27* (0.00) 8.29 (0.08)
Italy 18.42* (0.00) 63.58* (0.00) 23.78* (0.00)
The Netherlands 5.70 (0.06) 58.92* (0.00) 40.61* (0.00)
Spain 4.55 (0.10) 59.61* (0.00) 35.81* (0.00)
USA 7.69* (0.02) 20.78* (0.00) 11.72* (0.02)

Notes: In all cases there are 2 cointegrating vectors. The LR tests are distributed
asymptotically as y°, while the respective p-values are shown in parentheses. *
denotes rejection of the null hypothesis at the 0.05 level of significance.
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Table 3
Likelihood ratio tests for the structure of the single cointegrating vector for the pre-
EMU period

Country H, Hs Hs H; Hs Ho Fo
(PPP with (UIP with (only (only (PPP with  (UIP with  (PPP and
unrestricted  unrestricted PPP) UIP) interest prices uIP
interest prices) rates with with jointly)
rates) equal and  equal and
opposite opposite
signs) signs)
Finland 8.42* 2.80 27.76* 11.61* 8.41* 7.33 8.36
(0.01) (0.25) (0.00) (0.02) (0.04) (0.06) (0.08)
France 11.23* 4.96 21.96* 24.94* 19.75* 20.34* 24.79*

(0.00) (0.08)  (0.00) (0.00) (0.00)  (0.00)  (0.00)
Ireland 11.15%  25.94*  3537* 27.00% 13.07* 26.12*  26.48*
(0.00) (0.00)  (0.00) (0.00) (0.00)  (0.00)  (0.00)
Japan 12.84*  1561*  2536* 2351* 21.28% 2251*  23.84*
(0.00) (0.00)  (0.00) (0.00) (0.00)  (0.00)  (0.00)
Sweden  8.03* 19.80%  11.92* 24.41* 854*  19.98*  23.42*
(0.02) (0.00)  (0.02) (0.00) (0.04)  (0.00)  (0.00)
UK 24.82%  20.89*  34.11* 3473* 26.83* 29.89%  32.17*
(0.00) (0.00)  (0.00) (0.00) (0.00)  (0.00)  (0.00)

Notes: The LR tests are distributed asymptotically as 7*, while the respective p-values

are shown in parentheses. * denotes rejection of the null hypothesis at the 0.05 level of
significance.
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Table 4

The JMN and LST cointegration tests for the whole period

Country (p-1,) JMNrrace LSTrace K
Belgium 5 209.03* (0.00) 97.10* (0.00) 4

4 122.08* (0.00) 55.82* (0.04)

3 50.47 (0.78) 23.27 (0.63)

2 28.50 (0.80) 10.58 (0.76)

1 13.68 (0.61) 3.53 (0.75)
Finland 5 233.07* (0.00) 92.19* (0.00) 10

4 135.18* (0.00) 51.46 (0.10)

3 86.03* (0.00) 33.41 (0.12)

2 42.57 (0.17) 12.77 (0.58)

1 18.37 (0.28) 0.01 (0.99)
France 5 208.79* (0.00) 92.88* (0.00) 8

4 121.33* (0.00) 34.26 (0.78)

3 74.72 (0.06) 25.19 (0.50)

2 43.15 (0.15) 11.76 (0.67)

1 14.77 (0.54) 0.33 (0.99)
Greece 5 115.55 (0.51) 52.33 (0.76) 2

4 75.49 (0.80) 26.11 (0.98)

3 45.69 (0.91) 15.11 (0.97)

2 21.14 (0.98) 3.32(0.99)

1 8.32 (0.95) 1.94 (0.95)
Ireland 5 118.82 (0.41) 55.01 (0.66) 3

4 75.32 (0.80) 26.99 (0.97)

3 39.39 (0.98) 12.49 (0.99)

2 23.03 (0.96) 5.37 (0.99)

1 10.64 (0.85) 1.94 (0.95)
Italy 5 138.32 (0.06) 66.25 (0.23) 3

4 83.45 (0.54) 40.52 (0.48)

3 48.04 (0.86) 11.92 (0.99)

2 23.38 (0.96) 4.17 (0.99)

1 9.47 (0.91) 1.82 (0.96)
The 5 172.21* (0.00) 96.14* (0.00) 3
Netherlands 4 100.14 (0.10) 33.55 (0.81)

3 60.48 (0.39) 15.44 (0.97)

2 33.20 (0.58) 3.40 (0.99)

1 14.26 (0.58) 0.79 (0.99)
Spain 5 128.75 (0.17) 84.91* (0.00) 2

4 70.99 (0.89) 32.65 (0.85)

3 45.82 (0.91) 19.29 (0.85)

2 22.53 (0.97) 8.62 (0.90)

1 10.31 (0.87) 4.64 (0.59)
Denmark 5 174.24* (0.00) 91.72* (0.00) 4

4 117.94* (0.00) 43.76 (0.33)

3 65.41 (0.18) 19.84 (0.82)

2 39.87 (0.21) 9.92 (0.80)

1 16.85 (0.33) 0.61 (0.99)
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Table 4 (continued)

Country ( p-r ) JMNrrace LSTrrace kA
Japan 5 163.25* (0.00) 85.10* (0.00) 1
4 105.69* (0.05) 46.72 (0.22)
3 60.03 (0.41) 29.43 (0.26)
2 30.36 (0.73) 16.74 (0.26)
1 10.61 (0.85) 3.09 (0.82)
Sweden 5 164.20* (0.00) 83.69* (0.01) 8
4 108.14* (0.03) 36.23 (0.70)
3 60.82 (0.38) 18.01 (0.90)
2 34.73 (0.50) 13.69 (0.49)
1 10.32 (0.87) 1.55 (0.97)
UK 5 151.86* (0.00) 85.33* (0.00) 1
4 85.66 (0.47) 39.25 (0.55)
3 50.64 (0.78) 20.97 (0.76)
2 28.97 (0.79) 8.02 (0.93)
1 11.26 (0.81) 2.71 (0.87)
USA 5 181.57* (0.00) 102.95* (0.00) 1
4 101.95 (0.08) 34.87 (0.76)
3 56.24 (0.56) 22.21 (0.69)
2 24.32 (0.94) 10.07 (0.81)
1 11.00 (0.83) 1.27 (0.99)
Notes: The values reported at the top of the third and fourth

columns for each panel is for r,=0, so that p—r,=p is the

dimension of the VECM. Numbers in parentheses are p-values. k
denotes the estimated lag length in the VECM. * denotes rejection

of the null hypothesis at the 0.05 level of significance.
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Table 5
Likelihood ratio tests for the structure of cointegrating vectors for the whole
period

Country H, H, H,
(PPP with unrestricted  (Only PPP, only UIP)  (PPP with interest rates
interest rates, UIP with with equal and opposite
unrestricted prices) signs, UIP with prices
with equal and opposite
signs)
Belgium 2.32 (0.31) 75.26* (0.00) 71.75* (0.00)

Notes: In this case there are 2 cointegrating vectors. The LR tests are

distributed asymptotically as y°, while the respective p-values are shown in
parentheses. * denotes rejection of the null hypothesis at the 0.05 level of
significance.
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Table 6
Likelihood ratio tests for the structure of the single cointegrating vector for the whole period

Country H, Hs Hs H, Hs Ho FHio
(PPP with (UIP with (only (only (PPP with  (UIP with  (PPP and
unrestricted  unrestricted PPP) UIP) interest prices UIP
interest prices) rates with  with equal  jointly)
rates) equal and and
opposite opposite
signs) signs)
Finland 0.73 1.57* 81.90* 10.47* 1.11 9.96* 11.19*
(0.69) (0.02)  (0.00) (0.03) (0.77)  (0.02)  (0.02)
France 36.89* 7.02* 45.73*  40.09* 37.85* 35.76* 43.86*

(0.00) (0.03)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
The Netherlands ~ 0.84 1327%  12.84* 37.45% 1226* 13.73*  40.81*
(0.66) (0.00)  (0.01) (0.00)  (0.00)  (0.00)  (0.00)

Spain 30.33*  17.39%  30.29% 4571*  38.71*  17.42%  45.77*
(0.00) (0.00)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
Denmark 2.47 9.08%  23.66* 30.59* 19.71*  20.43*  29.50*
(0.29) (0.01)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
Japan 1.02 17.90* 29.37* 2581* 12.49* 1851*  2350*
(0.60) (0.00)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
Sweden 13.65* 456  31.52* 10.98*  10.19*  7.92*  11.76*
(0.00) (0.10)  (0.00) (0.02)  (0.02)  (0.05  (0.02)
UK 23.02*  34.16* 29.49* 309.27* 2548* 3593*  37.57*
(0.00) (0.00)  (0.00) (0.00)  (0.00)  (0.00)  (0.00)
USA 5.85 243 29.44* 1560% 11.50* 11.25%  12.81*

(0.06) (0.30)  (0.00) (0.00)  (0.01)  (0.01)  (0.01)

Notes: The LR tests are distributed asymptotically as y°, while the respective p-values are

shown in parentheses. * denotes rejection of the null hypothesis at the 0.05 level of
significance.
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