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Abstract

This study investigates the dynamic pattern of the interdependence among G7 stock markets
over the 1990-2021 period. The state-space formulation of the time-varying cointegrating
coefficient allows us to examine the potential drivers of disruption in the long-run bivariate co-
movement of markets. Our results reveal that variations in a number of financial risk factors,
including economic policy uncertainty (EPU) and world geopolitical risk (GPR), have a
significant impact on the cointegrating coefficient. Further analysis on the comovement of the
augmented and the non-augmented cointegrating coefficients suggests that globalization has

reduced market segmentation causes to our risk factors.
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1. Introduction

A number of integrated series are said to be cointegrated if a linear combination of them
produces a series with a lower degree of integration. Stock market cointegration has been the
object of extensive research in recent decades. Two seminal papers by Engle and Granger
(1987) and Johansen (1988) introduced the basic theory and estimation procedure of
cointegration relations. Since then, the literature has provided a broad strand of empirical works
investigating the long-run equilibrium relation among the world’s stock markets, with a
particular focus on those of G7 countries (the US, the UK, France, Germany, Italy, Canada and
Japan). A number of empirical works find weak evidence supporting time-invariant

cointegration among G7 stock market indices. They suggest that there might be a structural



break in the cointegrating coefficients. Taylor and Tonks (1989), Arshanapalli and Doukas
(1993), Kanas (1998) and Menezes et al (2012) find distinct time-invariant cointegrations in
different subperiods based on known economic events. Alternatively, to investigate the
evolution of long-run market co-movements over time, some authors have also applied methods
based on recursive as well as rolling time windows (see Mylonidis and Kollias, 2010; Pascual,
2003; Rangvid, 2001). A number of theoretical works develop statistical tests of instability in
cointegration relations (see Gregory and Hansen, 1996: Hansen, 1992, Kejriawal and Perron,
2010; Quintos and Phillips, 1993). The developments dedicated to the estimation of smoothly
varying cointegrating vectors have also been in the spotlight of a number of theoretical works
(Bierens and Martins, 2010; Park and Hahn, 1999; Li et al., 2020).

Despite empirical evidence of time-varying cointegration, most works have focused on
the estimation of and test procedures for time-varying cointegration. However, the reasons for
repeated disruptions in the long run equilibrium relation of stock markets have not been
specifically investigated.

Our paper takes this latter point of view: Considering the extant empirical evidence on
the variability of the cointegration levels between the main stock markets over time, we aim
to investigate the influence of two of the main potential causes of this dynamic behaviour,
namely political and economic sources of uncertainty.

Long run equilibrium relations are subject to instantaneous changes as a result of
repeated changes in the economic circumstances. We address here the important factor of
uncertainty, as evidenced in the economics and finance literature, to substantially influence
economic aggregates and, in turn, to drive security prices. There is indeed a broad range of
papers investigating the effects of economic uncertainty on a number of subjects including

investment, economic growth, firm-level managerial decisions and risk management. Even



though uncertainty is used as a proxy for all those variables which themselves may impact
cointegration levels, there is no paper that tries to make an explicit and direct link between
uncertainty and cointegration. This study contributes to the literature on long-run stock market
co-movements by shedding light on the causes of market segmentation that lead to mixed
conclusions in the literature on bivariate cointegration between the world’s developed stock
markets. We form our hypothesis relying on the findings in the literature implying that
uncertainty can be a significant driver of economic aggregates as well as security prices. This
fact could be of special interest particularly because expectations of future economic activity
can be significantly shifted during periods of rising or declining uncertainty. The state-space
formulation of the time varying parameters allows us to study the potential drivers of the
instability in the bivariate long-run equilibrium relation.

Among the variables that have been proposed as proxies for economic uncertainty, the
index of economic policy uncertainty (EPU) proposed by Baker et al (2016) has received
extensive attention. This variable aims to overcome some identified weaknesses of earlier
attempts to measure uncertainty. It introduces a news-based index that covers articles
containing three categories of pre-specified words pertaining to uncertainty, the economy and
policy. Since its introduction, EPU has been widely used in the literature to analyse the effects
of uncertainty on macroeconomic aggregates (He et al., 2021; Priiser and Schlésser, 2020;
Suh and Yang, 2021; Zhou et al., 2021). A number of works also rely on this EPU variable to
conduct analysis relating uncertainty to a range of indicators namely bank credit (Nguyen et
al., 2020), exchange rate volatility (Zhou et al., 2020), asset prices (Brogard and Detzel, 2015)
and crude oil return volatility (Ma et al., 2019).

The literature has also investigated the effects of the uncertainty associated with

political crises and tensions on the economy and financial markets (see Bloom, 2009 and



Cheng and Chiu, 2018, Le and Tran, 2021, Omar et al., 2017). Since the introduction of the
geopolitical risk (GPR) index developed by Caldara and lacoviello (2021), a number of
studies have been used it as a proxy for the uncertainty associated with political instabilities,
as it is found to be a key determinant of stock market dynamics (Antonakakis et al., 2017;
Balcilar et al., 2018; Das et al., 2019; Kannadhasana and Das, 2020). As indicated by Caldara
and lacoviello (2021), being exogenous to business and financial cycles, the GPR index can
provoke financial volatility and policy uncertainty. For the same reasons as those justifying
the use of the EPU variable as a direct explanatory factor of the time variations in market
cointegration levels, we adopt the GPR index introduced by Caldara and lacoviello (2021) as
the most convincing proxy to date for the uncertainty cast by geopolitical instability.

We apply a Kalman filter model to two sets of monthly stock market indices during
the 1990-2021 period. As most of the literature uses either nominal price return (NPR) indices
or real total return (RTR) indices, we use both sets of the indices to further explore their
reactions to uncertainty innovations. EPU and GPR are found to be two significant causes of
repeated disruptions in the cointegrating vector, as they can impact the expectations of
investors. Our empirical findings build on the literature on uncertainty implying that a shock
to EPU and GPR leads to market segmentation. The dynamics of the cointegrating
coefficients are found to significantly depend on the variations in the uncertainty and financial
indicators. This outcome suggests the existence of a path dependence of market equilibrium
relations, as human decision making drives the uncertainty indicators of both economic policy
and geopolitical tensions.

The structure of this paper is as follows. Section 2 briefly provides a review of the
literature on cointegration, and explains empirical works and theoretical developments in the

stability analysis of cointegration relations. The section also proposes a review of the



literature on applications of the EPU and GPR indices. Section 3 presents the Kalman filter
model of this paper to study the drivers of time-varying cointegration. Section 4 explains our
data and preliminary analysis on bivariate cointegration. In section 5, a stability analysis on
bivariate cointegration is conducted. Section 6 discusses the drivers of cointegration
dynamics. The seventh section examines in detail the incremental information brought by the

augmented model. Finally, section 8 concludes the paper.

2. Literature review

2.1. Evidence of time-varying cointegration

The conjoint evolution of worldwide financial markets hinges on a broad range of economic
and political events. Factors such as the abolition of exchange rate control, free capital flow,
market deregulation, developing trade ties, fiscal and monetary policies, economic crises,
international political conventions and political conflicts are widely accepted as having
significant impacts on stock prices. Taylor and Tonks (1989) find that after the abolition of
restricted capital movement in 1979, the UK stock market became cointegrated with that of
Germany, Netherlands and Japan. They find no evidence for cointegration between the UK and
US stock markets after 1979. Arshanapalli and Doukas (1993) find evidence for cointegration
between the US stock market and the UK, French and Japanese stock markets from 1980 to
1990. Their study does not support cointegration between the US and Germany in the pre-crash
subperiod of 1980 to 1987. Kanas (1998) applies three econometric methods to study the
cointegration of the US stock market from 1983 to 1986 with six major European markets,

namely, those of the UK, France, Germany, Italy, the Netherlands and Switzerland. They find



no evidence of cointegration for the entire period. Their pre- and post-crash subperiod analysis

confirms this conclusion as well.

Mylonidis and Kollias (2010) adopt a rolling time window approach to examine the
instability of the long-run cointegration relation in the post-euro era stock markets of
Germany, France, Spain and Italy. They find only weak evidence of convergence: Their
rolling trace statistic remains generally below the critical value. Rangvid (2001) recursively
applies the Johansen rank test to the UK, French and German stock markets from 1960 to
1999. The test statistics reveal upward sloping after 1982. In particular his analysis reveals
that a decreasing number of stochastic trends drives stock markets. Pascual (2003) recursively
estimates the Johansen cointegration model for the UK, French and German stock markets
from 1960 to 1999. Starting from a five-year time window of quarterly data, his estimation
continues by adding new quarterly data to the end of the window. Despite the upward slope,
the trace statistic does not exceed the 5% critical value. Menezes et al. (2012) study the stock
market integration of G7 countries in both price levels and returns from 1973 to 20009.
Applying the methodology developed by Gregory and Hansen (1996), they find a structural
break in the cointegration relation of G7 stock markets.

In line with the poor empirical evidence of stable cointegration in the world’s largest
stock markets, a broad range of papers has developed necessary techniques as well as proofs
to test and estimate time-varying cointegration. A number of works address sudden structural
changes in the parameters and develop procedures and methodologies to test and detect
structural breaks. Hamilton (1989) assumes discrete shifts in the dynamics of the
cointegration relation. He uses Goldfeld and Quandt’s (1973) Markov switching regression to
identify structural changes in the cointegration parameters. Gregory and Hansen (1996)

provide a residual-based test for the null hypothesis of no cointegration versus a regime



change in either the intercept alone or the cointegrating vector. They assume that the timing of
the structural shift in the cointegrating vector is unknown. Hansen (2003) models the
structural change in the Johansen cointegration model. His framework allows for structural
change in any subset of the parameters. He assumes that the change point and the number of
cointegration relations are known a priori.

Instead of positing structural discontinuities, some studies assume that the
cointegration parameters change smoothly over time. Hansen (1992) extends the Lagrange
multiplier test of parameter change proposed by Nyblom (1989) to the context of fully
modified cointegration of Phillips and Hansen (1990). He formulates a test in which, under
the alternative hypothesis, the parameters follow a random walk. He argues that, since such
hypothesis of a random walk in the intercept implies no cointegration relation, the test statistic
represents a null hypothesis of cointegration against the alternative of no cointegration. Park
and Hahn (1999) investigate the smooth evolution of cointegrating coefficients using a
nonparametric method. Hansen and Johansen (1999) use the recursive estimation of
cointegration parameters to derive the limiting distribution of the fluctuation test proposed by
Ploberger et al. (1989) and the Lagrange multiplier test proposed by Nyblom (1989). The
fluctuation test is used to test the constancy of recursively estimated eigenvalues. Bierens and
Martins (2010) use Chebyshev time polynomials to estimate smoothly changing cointegrating
vectors. Li et al. (2020) use a nonparametric approach to estimate a time dependent
cointegration relation. They apply the Nadaraya-Watson kernel method to estimate time
varying cointegrating vector.

As shown in the papers above, the time variations in the level of market cointegrations
are considered either to be abruptly discontinuous, or continuous but smooth. The

investigation of a middle path between them, i.e., continuous but volatile changes, would



represent a potential way to reconcile these two presumably conflicting approaches.
Moreover, by proposing a dynamic time-varying cointegration framework, we can study the
causes of the instabilities in bivariate long-run relations. As the literature emphasizes that
economic and political events form a turning point in the history of financial markets, hence
leading to structural breaks in the equilibrium relations, we use two recently quantified
indicators to represent the uncertainty stemming from human decision making. By relating a
state-space model of the joint evolution of stock markets to a set of uncertainty and financial
variables, we investigate whether cointegration relations are susceptible to reflecting more

repeated changes caused by an uncertain world rather than exogenous structural breaks.

2.2.  The role of uncertainties in business cycles and security prices

As mentioned above, it is widely accepted that financial and investment decisions are
profoundly affected by uncertainties about economic policies. A major strand of papers
investigates the effects of uncertainty on macroeconomic aggregates, namely, investment,
economic growth and business cycles. As indicated in the literature, economic uncertainty can
dramatically decrease investment and cause business cycles through the real option channel
because of the irreversibility of investment decisions. Bernanke (1983) offers an explanation
for the fluctuations in cyclical investments by arguing that an optimizing investor postpones
economically irreversible investments under uncertainty. Assuming irreversible investment in
a competitive market, Caballero and Pindyck (1996) conclude that uncertainty adversely affects
firm investment by decreasing the marginal profitability of capital. Bloom (2009) structurally
analyses the impact of uncertainty shocks on the hiring rate and economic growth in the
aftermath of a shock. Although he admits that uncertainty increases during economic and

political shocks, he uses volatility-related measures of uncertainty in his work. Using an



endogenous cross-sectional volatility-based measure of uncertainty, Bloom et al (2018)
conclude that uncertainty shocks lead to a drop in economic growth. Ludvigson et al. (2021)
argue that the conclusions of the works conducted by Bloom (2009) and Bloom et al. (2018)
are robust to the use of exogenous measures of uncertainty. The conclusion drawn by Bloom et
al. (2018) is also emphasized by Baker et al. (2016) using their news-based exogenous

uncertai nty measure.

Uncertainty has also been documented to be a significant cause of financial market
volatility. Generalized autoregressive conditional heteroscedasticity (GARCH)-type models
have been used in the literature to analyse the predictability of the stock market or exchange
rate volatility based on uncertainty variables. Brogard and Detzel (2015) find that changes in
EPU and market returns have contemporaneous negative correlations and that the current
level of EPU and future market excess returns are positively correlated. Having estimated
factor-mimicking portfolios for EPU and two other uncertainty indicators, they find
significant exposure to uncertainty. Liow et al. (2018) study the interaction between the EPU
spillover and financial market volatility spillover of major economies of the world. They find
that EPU spillover drives the financial market volatility spillover. Ma et al (2019) use
GARCH-mixed data sampling (GARCH-MIDAS) modelling, which can combine low-
frequency EPU data with high-frequency return data, to study the impact of EPU in major
crude oil importing and exporting countries on oil price volatility. They find that EPU
indicators significantly forecast oil price volatility. Using an error correction model (ECM)
Aladesanmi et al (2019) investigate the evolution of the conditional correlation between the
US and UK stock markets and find that the conditional correlation between the EPU of the
two countries significantly influences the conditional correlations of the stock markets. Zhou

et al. (2020) study the impact of the ratio between the EPU of China and the US on Chinese
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exchange rate volatility using the GARCH-MIDAS approach. They find that the ratio
significantly predicts long-term and short-term exchange rate volatility. In a similar study, Yu
and Huang (2021) apply GARCH-MIDAS modelling to study the impact of Chinese EPU on
China stock market volatility. They find that a change in the EPU level significantly provokes

volatility.

3. Time-varying cointegration model

To the best of our knowledge only very few papers apply the Kalman filter in the context of
long-run equilibrium relations between economic or financial variables. Haldane and Hall
(1991) apply the Kalman filter to study the central role of the Deutchmark-Dollar exchange rate
on the Dollar-Sterling and Deutchmark-Sterling exchange rates. They find a high degree of
variation in bivariate cointegration parameters. Serletis and King (1997) measure stock market
integration by regressing the difference between a certain market index with Germany on a
constant and the difference between Germany and the United States. They estimate the time-

varying parameters of this bivariate regression model using a Kalman filter.

Despite the growing body of theoretical and empirical literature on time-varying
cointegration, the reasons for the underlying causes of the variation in the cointegration
relation over time between the largest stock markets worldwide remain an open question. A
state-space formulation of bivariate equilibrium relation allows us to tackle this question by
relating the varying cointegrating coefficient to the presumed driving factors of the dynamic
interdependence between market indices.

To shed more light on the mixed findings in the literature, we study two sets of

indices, namely, the NPR and the RTR, for each country, as both sets of variables are used in
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the literature.! The use of RTR indices is motivated by a number of works that discuss the
cointegration levels of return indices. Richards (1995) argues that return indices are not
cointegrated because of permanent country-specific components that drive their behaviour. In
their theoretical work, Lence and Falk (2005) investigate the interrelationship between
integrated markets and cointegrated prices. Having defined integrated markets based on the
absence of arbitrage opportunities, they conclude that regardless of market integration, the
necessary (but not sufficient) condition for two price indices to be cointegrated is that their
supply processes are themselves cointegrated. They theoretically derive the same conclusion
for the return indices.

We address three potential variables that can presumably change investors’
expectations about firms’ future cash flows, hence leading to a new equilibrium relation. As
noted in the literature, the EPU and GPR indices are candidate proxy variables for economic
and political uncertainty conditions, which can potentially cast serious doubts on future
economic activity.

In our time-varying cointegration model, the innovations in the cointegrating
coefficient are driven by the innovations in the uncertainty variables. This is represented by

the following two variations of the state-space model:

log (USE™®) = a + bJog (XE™R) + &, (1-a)
log (USYPR) = a + b log (XNPR) + &, (1-b)
by = bi_y + Xio Ve Ui + o F+v, 2

! Taylor and Tonks (1989), Arshanapalli and Doukas (1993), Rangvid (2001), Mylonidis and
Kollias (2010), and Menezes et al (2012) are among those who use price indices. Richards

(1995) and Gilmore et al (2008) are among those who use total return indices.
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Equations (1-a) and (1-b) represent Engle-Granger cointegration relations between
RTR and NPR indices, respectively. In both equations US, and X, represent the US and the
domestic indices, a is a constant, b, represents the time-varying cointegrating coefficient,
&~N(0,a,) and v{~N (0, g,). In equation (2) which applies to both the RTR and NPR
models, the line vector y,_; = (Yusi Yeu1 Yepr.) gathers the coefficients of the I-th lag
uncertainty variable and U,_, = [Alog (EPUys,—;) Alog (EPUgy_;) Alog (GPR._))]
forms the column vector of the uncertainty variables. The variables EPUys . and EPUgy ¢
represent the economic policy uncertainty (EPU) in the US and European Union, respectively,
at time t, and GPR; represents the world geopolitical risk index at time t. The vector F,
contains a number of stock return determinants, including the US bond-to-equity ratio
(BEER), US credit spread, US dividend yield, change in the US implied volatility index
(VIX), US and domestic inflation rates, and US and domestic term spreads.

As equation (2) indicates, we assume that a shock to the uncertainty variables can
trigger a disruption in the cointegrating coefficient. Moreover equation (2) allows the
cointegrating coefficient to fluctuate based on a random walk process when the uncertainty
variables remain constant. We also include lagged values of the innovations in the uncertainty
variables because we let the earlier values of the uncertainty innovations impact the
cointegrating coefficient. The intercept in equations (1-a) and (1-b) is constant because if it is
added to the state-space, one can no longer refer to equation (1-a) or (1-b) as a cointegration

relation.

4. Data and preliminary evidence
We use monthly stock market indices of the US (S&P 500), France (MSCI index), Germany

(MSCI Germany), the UK (FTSE all-share index), Italy (MSCI Italy), Canada (S&P TSX
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composite index), and Japan (TOPIX all share index) retrieved from DataStream during the
period from January 1990 to January 2021. These indices are selected to cover a large part of
the market capitalization throughout the sample period. All indices are expressed in terms of
US dollars as acommon numeraire to avoid any contamination by a currency effect. The sample
paths of the time series of these indices, with normalized starting points, are represented in
Figure 1. The US credit spread is calculated as the Moody’s Aaa minus Baa corporate bond
yield. The US terms spread is calculated as the 10-year minus 3-month treasury constant
maturity rates and that of the other G7 member countries are calculated as the long term
government bond yield minus 3 month interbank rates. The US BEER is calculated as the ratio
of the US 10-year treasury constant maturity rate to S&P 500 earnings yield. The VIX, the
inflation rates and all the interest rates used in the calculation of the financial factors are
downloaded from the federal reserve bank of st. louis.
[insert Figure 1 here]

Table 1 represents the results of unit root tests.

[insert Table 1 here]

The unit root tests are performed using the augmented Dickey-Fuller (ADF) and
Phillips-Perron (PP) tests. The null of a unit root in the data are not rejected for any of the
indices.

Given this set of results, we subsequently perform standard time-invariant
cointegration tests depending on the choice of the dependent variable. The results of these
tests, which we interpret as the base case, are displayed in Table 2.

[insert Table 2 here]
The Engle-Granger cointegration test does not reject the null hypothesis of the absence

of cointegration in most of the bivariate relations. Only in the single case of the bilateral
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relation of the US stock market with Germany, does the z-statistic weakly reject the null
hypothesis at 10% significance level. As our sample covers a relatively long period, such
results are expected. During the era starting from 1990 to 2021, numerous political and
economic crises have impacted the evolution of the world’s stock markets, some of which are
supposed in the literature to cause a structural break in the cointegration relations. We do not
consider any abruptly and exogenously discontinuous cointegration structure here because
one cannot necessarily refer to a certain moment of time as the onset or the ending point of an

economic or political crisis.

5. Evidence of dynamic cointegration

Prior to the estimation of time-varying cointegration through the state-space formulation of
equations (1) and (2), we apply the Hansen stability analysis of bivariate cointegration
relations.?

Hansen (1992) develops a distributional theory for three test statistics namely F,; (or L. test
first proposed by Gardner (1969)), SupF (proposed by Quandt (1960)) and MeanF, in a
regression with integrated processes. The underlying null hypothesis posits constant
cointegration coefficients, whereas the alternative hypotheses are an unknown structural break
and a random walk in the parameters. Hansen emphasizes that rejecting the null hypothesis

implies that the standard cointegration model with stable coefficients is rejected. We focus here

2 There are a number of tests aimed at examining parameter stability, most of which assume a
regime change or smooth variation of the parameters. The Hansen stability analysis fulfils our
objective, as it tests the null hypothesis of static cointegration against the alternative of a

gradual change in the cointegrating vector.
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on the MeanF and L, statistics as in the underlying alternative hypothesis, the cointegration
parameters follow a random walk. Hansen (1992) argues that since an intercept following a
random walk implies the absence of cointegration, the corresponding alternative hypothesis of
L. is no cointegration. We apply the Hansen stability test to the bivariate cointegration of the
US stock market with each of the 6 other selected developed markets. As Table 3 shows, the
null hypothesis of time invariant cointegration is strongly rejected in the majority of the
relations. The MeanF test statistics indicate that the null hypothesis of static cointegration is
rejected in 4 bivariate relations at the 5% significance level. The L, statistic rejects the null of
cointegration against the alternative of no cointegration, at the 5% level, in 3 bivariate relations
for the RTR indices. It rejects the null hypothesis at the 5% significance level in 2 bivariate
relations for NPR indices, and for two other bivariate relations, the null hypothesis is rejected
at the 10% significance level. For two bivariate relations, i.e., those of the US with Germany
and Canada, the L, statistic does not reject the null hypothesis in either of the indices.
[insert Table 3 here]

Both sets of indices demonstrate a high degree of instability in the cointegrating
coefficient. As SupF indicates, the bivariate cointegration between the US and most of the
other nominal indices strongly incurs a sudden structural break in an unknown time in the
cointegrating coefficient. Only in the single relation between the US and Canada do none of
the statistics reject the null hypothesis of static cointegration. The MeanF statistic of five
equilibrium relations between nominal indices evidence an unstable cointegration relation
over the entire time horizon.

Rather than always displaying the same expectations irrespective of the economic
conditions, it is more likely that rational investors adjust their investment decisions based on

the evolution of the economic benefits of securities. As RTR indices evolve mostly based on
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the realized economic benefits, the investment decisions of a rational investor will probably
drive real RTR indices towards equilibrium relations. However, in five bivariate relations the
p-values of SupF strongly support an unknown sudden structural break in the relation. The
corresponding p-value of the MeanF statistic in four bivariate relations between the NPR
indices and in five bivariate relations between the RTR indices displays particularly
significantly low values, pointing to a dynamic equilibrium relation. In line with the NPR
indices, the MeanF statistics of the RTR indices for the US-Canada connection do not reject
the null hypothesis of a static cointegration relation. Given that evidence we maintain this pair
of indices in our analysis of the state space estimation.

The state-space variable in equation (2) is augmented by the vectors U,_; and F,_,
whereas it can also be formulated as a simple random walk. Estimating the time-varying
cointegration relation excluding the vectors U,_; and F,_; results in a model that we refer to

as the non-augmented model. The estimated state-space of the augmented and non-augmented

models is denoted by I§t and b, respectively.

As Figure 2 shows, the cointegrating coefficients for all the bivariate relations appear
to follow an increasing trend until the mid-1990s, from whence they stabilize until the
economic recession of the early 2000s. The second increasing trend is associated with the
economic growth preceding the global financial crisis of 2008. Following that crisis, the
estimated cointegrating coefficients follow a rather steep upward trend until the end of the
sample period. It seems that the Covid-19 crisis is not, unlike the earlier crises, associated
with a drop in the cointegrating coefficients. Since the indices are in terms of the natural
logarithms, one may address the differences as the returns and try to relate the gradual
adjustments in the long-run equilibrium relation to the rate of returns. The first differences

have to be expressed in terms of the ECM, in which we cannot relate the contemporaneous
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rates of returns of the underlying markets. Thus, if we are to relate the contemporaneous rates
of returns of two markets, we have to use the estimated equilibrium relations (1-a) or (1-b)
and refer to them as the relation between long-run rates of returns. The steadily disrupted
cointegrating coefficients over the three periods showing an upward trend are the result of the
higher long-run risk premium that the US market receives compared to the other G7 markets.
According to Figure 2, during economic crises, the US market is also more penalized in the
long run than the other markets. We can refer to the augmented model as the long-run risk-
adjusted equilibrium relation in which the equilibrium relation subsumes the long-run relative
risk-adjusted rate of return of both markets.

[insert Figure 2 here]

In Figure 3, we report the dynamics of the difference between the augmented and the
original time-varying cointegration coefficients. During bearish periods, the augmented (i.e.,
the long-run risk-adjusted) cointegrating coefficient falls faster than the non-augmented
coefficient. As the indices are in natural logarithms, the discrepancy between both sets of
cointegrating coefficients yields insight into the relative long-run risk-adjusted return of the
US market vis-a-vis other markets. An upward (downward) sloping discrepancy variable is
associated with a downward (upward) sloping risk-adjusted cointegrating coefficient. This, in
turn, leads to a lower (higher) relative long-run risk-adjusted rate of return of the US market.
The US market has higher exposure in the long-run to uncertainty and financial risk factors
than the other G7 markets as the discrepancy variable takes a downward trend during periods
of economic growth and follows an upward trend during periods of economic recession.

[insert Figure 3 here]
The relative long-run risk premium of the US-Japan relation behaves in a distinct

manner. During the years before the global financial crisis, it exhibits substantial fluctuations.
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During the Asian crisis, the recession in the early 2000s and the global financial crisis, it
spiked and then followed a downward trend until 2021. The relative long-run risk premium of
the US to that of Japan is much higher than that of the other bivariate relations. Figure 3
suggests that the US market declined more sharply than all the other G7 markets during the
global financial crisis, especially Japan. Moreover, the overall downtrends of the discrepancy
variables imply a faster increasing trend in the relative long-run risk-adjusted rate of return of
the US market. The discrepancy variable corresponding to the bivariate relation with Canada

appears quite distinct, as it follows an upward trend from 2012 until 2016 and then stabilizes.

6. Drivers of the cointegration dynamics

Although the literature largely documents a significant impact of EPU and GPR on stock market
evolution, the impact of these variables on the cointegration dynamics remains largely
unexplored to date. Through our modelling approach, we associate, in equation (2), the level of
market segmentation with not only financial stock return determinants but also, more
importantly, innovations in the uncertainty associated with economic policy and political crises.
This section investigates the results of our estimation.

As most of the literature evidences the interrelationship between uncertainty and
macroeconomic as well as financial variables through the real option channel (see Bernanke,
1983; and Bloom, 2009), we base our hypothesis on the implications of these conclusions for
the dynamics of the interdependence of stock markets. Investment, demand and other
macroeconomic aggregates can be adversely affected by shocks to uncertainty, causing
financial markets to react to these macroeconomic shocks. This can presumably lead stock
market indices to depart from long-run co-movement relations. In other words, our hypothesis

is motivated by the argument that a varying level of uncertainty can change optimal
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investment decisions and hence lead to time-varying equilibrium relations, which in turn will

affect the level of market cointegration.

6.1.  Overall evaluation
Table 4 presents the results of our estimation of equations (1)-(2) up to the first lagged values
of innovations in EPU and GPR.

[insert Table 4 here]

The results of the ADF test reveal that the residuals are strongly stationary. As Table 4
indicates, the innovations in the uncertainty variables are generally negatively correlated with
the state-space variable when the coefficients are significant. This finding suggests that the
US market is usually more penalized in the long-run than the markets of the other G7
members by positive innovations in either of the uncertainty variables. That is the US stock
market investors incur larger risks than investors in the other G7 markets.

The estimation results of the RTR indices reveal that GPR is a significant driver in all
six bivariate relations. The association is strongest in the bivariate relation with the UK and
Japan. The bivariate relation with Canada is found to be significantly affected by innovations
in GPR and by innovations in EPU in the European Union and in the US. This relation is also
significantly affected by the uncertainty variables when applying our model to the NPR
indices. To some extent, this fact positions Canada in a specific situation. The bivariate
relation with three European countries, i.e., the UK, France and Germany, remains unaffected
by innovations in either of the EPU indicators. The instability in the equilibrium relation of
the US with two non-European countries, i.e., Canada and Japan, is more responsive than
others to innovations in EPU. The results of the estimation using NPR indices reveal that the

US EPU induces a significant disruptive impact on the equilibrium relations with Canada and
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Italy. In the bivariate relation with Germany, none of the uncertainty variables is found to
drive the cointegrating coefficient.

Regarding the financial variables, the DVIX is found to be strongly significant across
all bivariate relations. Used as an endogenous measure of uncertainty in the literature (Bloom,
2009), implied volatility turns out to significantly influence market co-movement. The
negative correlation of the volatility indicators with the cointegrating coefficient suggests that
when markets become more nervous, this penalizes the US stock market in the long-run to a
greater extent than it penalizes the other markets. The US credit spread is also found to be a
major driver of the dynamics in the bivariate cointegration relations, except for the UK. This
finding tells us that the US market is riskier than the other G7 markets with respect to our
state-space indicators.® The US dividend yield also has a positive significant correlation with
the cointegrating coefficient across all bivariate relations. It is found to be a significant driver

of time-varying cointegration when using either the RTR or NPR indices.

7. Incremental information of the augmented model

Augmenting the time-varying cointegration model with the EPU, and GPR indicators and stock
return determinants appears to be informative regarding the significance of the associated
coefficients. Nevertheless, it is necessary to compare the evolution of the augmented state-space

with that of a Kalman filter incorporating a simple random walk as the state space. The fit of

3 Naturally, since the BEER, DIV, and DVIX variables are measured relative to the US
market, we expect their impact to be greater on the US stock exchange than on the other stock
exchanges. Nevertheless, the sign of their coefficients is informative regarding how the

discrepancy reacts to their evolution.
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the augmented model vis-a-vis the non-augmented model can be examined by conducting an F
test on the variance in the error terms of the measurement as well as the state-space variables.
As indicated in Table 5, augmenting the state space leads to a significant increase in the variance
in the measurement error term in all the bivariate cointegration relations. On the other hand, the
augmented model significantly reduces the variation in the cointegrating coefficients. In other
words, augmenting the state-space reduces the error variance in the cointegrating coefficient
whereas it increases the variance in the dependent variable and its error term in the cointegration
equation.
[insert Table 5 here]

So far, the non-augmented model has been shown to explain much of the variation in
the dependent market index by significantly increasing the variability of the cointegrating
coefficient. The next question that one must necessarily ask is whether the cointegrating
coefficients of the non-augmented and augmented models subsume any information about
gradual market cointegration or segmentation over time as globalization has significantly
developed in recent decades. Further analysis of the evolution of the non-augmented and
augmented coefficients can provide insight into the effects of globalization on the gradual
convergence of the two coefficients. We refer to the augmented and the non-augmented
coefficients as the risk-adjusted and the unadjusted cointegrating coefficients, respectively. As
Table 5 also suggests we can use the non-augmented state-space as the best fitting time-
varying cointegrating coefficient. Equation (2) presumes that both augmented and non-

augmented cointegrating coefficients are unit root processes. Further analysis of the long run

co-movement of the b, and the f)t can shed more light on the effects of globalization.
We know from Table 3 and Figure 3 that the cointegrating coefficients are driven by

uncertainty and stock return determinants. Moreover, the risk-adjusted cointegrating
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coefficient fluctuates substantially in periods of market turmoil compared to the unadjusted
coefficients. This finding motivates the question as to whether globalization has driven both
cointegrating coefficients to follow a common stochastic trend. Markets can possibly be
segmented as a result of a number of phenomena including different technological
developments, restrictions on capital flow, etc. The causes of market segmentation form a
number of unknown factors for which we do not have inclusive indicators. Globalization can
dominate these obstacles by reducing the segmentation causes to a certain number of risk
factors. If globalization has led to stronger market cointegration, then the non-augmented
cointegrating coefficient has to display a common trend with the risk-adjusted cointegrating
coefficient. In Table 6, we check whether both types of processes associated with a certain
bivariate relation follow a common trend.

[insert Table 6 here]

A Dbivariate cointegration analysis of the augmented and the non-augmented
cointegrating coefficients reveals that in most cases, the two time-varying cointegrating
coefficients follow distinct stochastic trends. Regarding the RTR indices, Table 6 shows that
in the case of the bivariate relation of the US with Germany, the two augmented and non-
augmented cointegrating coefficients follow common trends. When using NPR indices, the
coefficients associated with the relations of the US with Germany and Japan follow common
trends. In these limited cases of a common trend, we suspect that the time-varying equilibrium
relations of the markets are uniquely driven by a number of common risk factors. In addition,
the state-space variables estimated by two different specifications follow two distinct
stochastic trends in most of the cases. Thus the best fitting time-varying equilibrium relation

(i.e., the non-augmented one) follows a distinct unit root process probably driven by a number
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of unknown segmentation causes. This result implies that markets can be segmented beyond

what can be explained by our known set of risk factors.

7.1.  On the impact of globalization

Despite considerable advancement in globalization, Figure 2 suggests that long-run market co-
movement is subject to short-term adjustments in equilibrium relations, which can be referred
to as market segmentation. The adjustment in the a posteriori update of the state-space by the
Kalman gain matrix can be referred to as a disruption in the cointegration relation. We cannot
conclude that markets become more strongly cointegrated over time because, according to
Figure 2, both cointegrating coefficients are subject to repeated adjustments. Instead, we can
analyse the evolution of the augmented and non-augmented cointegrating coefficients to draw
conclusions on markets segmentation. Table 6 suggests that markets are segmented beyond a
unit root process driven by uncertainty and risk factors. This entails that there must be a number
of unknown factors other than our uncertainty and financial factors that drive the time-varying
cointegrating coefficients. The question is whether the effect of these factors diminish as a result
of globalization. If globalization has truly exercised such an effect on markets, then the
augmented and non-augmented cointegrating coefficients must have gradually followed a
common stochastic trend over time. The results of Table 6 tell us that the augmented and non-
augmented cointegrating coefficients do not share a stochastic trend in common over the entire
period of our analysis; nevertheless, globalization may have gradually caused the two variables
to share a common trend. If the non-augmented cointegration coefficients do not evolve far
away from the augmented coefficients, then one can conclude that the stochastic trends of the
time-varying cointegrating coefficients are those whose first difference is explained by

uncertainty and risk factors. We have to examine the gradual convergence of the non-
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augmented and augmented cointegrating coefficients to detect whether globalization has led
both series to share a unique stochastic trend.

To further explore the evolution of the two cointegrating coefficients, we estimate the
following state-space formulation, which allows us to observe the time-varying evolution of the
equilibrium relation between the non-augmented and the risk-adjusted cointegrating
coefficients. The time varying standard deviation of the u; term can be informative in that it
can reveal how the cointegrating coefficients may evolve to a more stable equilibrium relation.
We add a GARCH(1,1) effect to the disturbance term of the state-space to investigate the time-

varying evolution of the variance.

Bt =Qa + Vtgt + Wt (3)
Yt = V-1 + up with u,~N(0, o2) (4)
62 = c1 + 01 + 3074 5)

The results of the Kalman filter specification on the regression of the non-augmented
cointegrating coefficients on the risk-adjusted coefficient including a GARCH effect on the
residuals of the state-space are presented in Figure 4. It shows that the regression slope
gradually stabilizes over time, particularly in the period following the global financial crisis.
Though the estimated conditional standard deviation of the B, increases during bearish markets,
it seems that this standard deviation bears less variation in the recent economic crises. One
potential implication of Figure 4 is that globalization has reduced market segmentation sources
to the uncertainty and the risk factors in equation (2). One can then conclude that the non-
augmented cointegrating coefficient converges gradually to the same stochastic trend as that of
the risk-adjusted coefficient. As confirmed in Figures 2 and 3, one cannot definitively conclude

that globalization has led to stronger market cointegration. Rather, as Figure 4 suggests,
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globalization has restrained market segmentation by leading the evolution of the two
cointegrating coefficients to follow an identical stochastic trend.

[insert Figure 4 here]

7.2.  Country specific results

The results of Table 4 together with those of Figures 3 and 4 suggest that the influence of the
EPU and GPR indices on the stability of the bilateral relations of the US stock exchange with
the stock markets of the two non-European G7 countries (in addition to the US) warrants further
discussion.

As the results of the NPR indices in Table 4 indicate, the GPR index has the largest
influence on the Japanese stock market. Moreover, the results of the estimation based on the
RTR indices suggest that the equilibrium relation of the US market with that of Japan is
significantly destabilized by EPU in the European Union. This conclusion is also in line with
Figures 3 where the US market co-movement with that of Japan shows considerable
fluctuation in the long-run relative risk-adjusted return over time. During the crisis in the early
1990s following the Japanese asset price bubble, Japan’s market comovement with the US
becomes sharply more volatile than what can be attributed to the identified sources of market
segmentation. However, as Figure 4 shows, the unidentified causes of segmentation in this
relation are considerably reduced over time. The vulnerability of the US-Japan equilibrium
could be explained by considering its particular geopolitical situation and also the role of
growing China as its rival. The US and Japan have maintained their political and security ties
during post-Cold War era as firmly as the raging Cold War era. However, the economic and
trade frictions between the US and Japan have remained an issue distinct from national

security ties (Curtis, 2001; Urata, 2020). The US-Japan trade policy was not a foreign policy
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priority until the administration of President Clinton. Japan’s limited bargaining power in
trade negotiations with the US resulted in moderation of its trade account surplus (Curtis,
2001). The well-known section 232 of the Trade Expansion Act, which allows the US to take
protectionism measures in the name of national security, plays a major role in the trade
frictions between the two nations. Despite the growing security ties between these two
countries, our results indicate that the unique geopolitical situation of Japan puts its
equilibrium relation with the US in a position that is vulnerable to both economic and
geopolitical uncertainty. However, in the recent decade the globalization has reduced the
causes of market segmentation to our identified factors.

Japan’s specific geopolitical situation and historical antagonism with China have
possibly rendered its stock market comovement with that of the US vulnerable to GPR.
Although Japan’s trade with China has gradually grown over recent decades, the historical
political conflict between the two countries has remained a major obstacle in the mutual
relation between the two world powers (Smith, 2009).

China’s military expansion in light of the historical enmity between the two nations
could have left a destabilizing impact on the long-run US-Japan equilibrium relation. The
absence of a trilateral political alliance among the world’s three major powers makes
uncertainty factors a more significant driver of the dynamics of the co-movement of the two
markets.

The relative long-run risk-adjusted rate of return of the US in the US-Canada relation
as Figure 3 displays, rises after 2010 such that it peaks in early 2016, whereas that of the other
bivariate relations is downward sloping. The economic downturn in the early 1990s has
adversely affected the US-Canada equilibrium relation. As Figure 4 displays, the time-varying

standard deviation of the state space spikes during this recession, whereas during the
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economic recession of the early 2000s it is only slightly increased. Moreover, according to
Figure 4, the time varying standard deviation of y, corresponding to the US-Canada relation
substantially decreases in the period following the global financial crisis.

These findings are surprising because despite Canada’s geographical proximity to the
US, one can hardly expect such an unsteady equilibrium relation. Given that Canada’s
economy has greater dependence on foreign trade with the US than vice versa, where almost
75% of Canadian exports are destined to the US, its economy can be more vulnerable to
uncertainty variables, as documented in the literature (see Smith et al. (2018)). The substantial
reliance of the Canada’s economy on that of the US puts the Canadian economy in a more
precarious position, making the bivariate equilibrium relation with the US market more
vulnerable to both economic and geopolitical uncertainty.

Despite the specific instabilities in the bivariate relation of the Canadian and US
markets, as Figure 4 shows, y, has substantially stabilized in the last decade. This finding is
also in line with the specific bivariate equilibrium relation with Japan according to which y,
has also stabilized over time. As indicated above, a potential explanation would be the
positive impact of the globalization on reducing the unknown causes of market segmentation.
8. Conclusions
Rapidly growing globalization suggests stronger interconnectedness of world stock markets
whereas the stock markets of the G7 member countries do not exhibit a time-invariant
equilibrium relation. Although the theoretical developments in time-varying cointegration are
quite mature, the causes of time-varying cointegration among stock markets remain
unexplored. The literature theoretically and empirically supports the affective role of
uncertainty in the economy as well as in financial markets. Time-varying cointegration could

be a consequence of repeated shocks to the uncertainty prompted by economic policy makers

28



or by geopolitical risks. As the literature has provided evidence that uncertainty affects the
evolution of stock markets, we investigated the hypothesis that a shock to uncertainty is likely
to distort the co-movement of markets. Our empirical findings imply that the time-varying
nature of the long-run equilibrium relation is driven by changing economic policy uncertainty
and geopolitical risks and by a number of stock return determinants.

Since the disruptions of the augmented cointegrating coefficient are driven by
uncertainty and financial risk determinants we refer to the augmented state-space as the risk-
adjusted cointegrating coefficient. The results of the estimation indicate that the US market
has a higher (lower) long-run risk-adjusted return that the other G7 countries in periods of
economic growth (recession). This finding implies that having higher exposure to certain risk
factors leads to market segmentation. Moreover, our results confirm that the unknown factors
driving markets out of cointegration have been dominated as a results of globalization.

The bivariate cointegration of the US market with two non-European G7 markets,
namely, those of Japan and Canada, has, more than other relations, been subject to
segmentation by the underlying variables. The specific geopolitical situation of Japan is in
compliance with our empirical findings whereas the fragile equilibrium of the US and Canada

is a surprising finding that must be closely scrutinized in future works.
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Table 1. Unit root tests of the indices transformed by logarithms

RTR indices NPR indices

ADF PP ADF PP

Test statistic Lag  Test statistic Bandwidth  Test statistic Lag  Test statistic bandwidth

Us 058  (0) -0.79 () 071 (0) -0.72 (5)
UK 175 (0) -1.77 (4) 2.03  (0) -2.07 (5)
France 503 () -2.03 () -2.57 (0) -2.57 O]
Germany 179 (g -1.80 (0) -2.03 0) -2.02 )
Italy -2.18 (0) -2.19 7) -2.29 (0) -2.30 (4)
Canada ;5 (g 152 ©) 163 (0) -1.55 ©)
Japan 159 () -1.83 (6) -2.32 ) -2.56 (6)

All indices are in terms of US dollars and transformed by natural logarithms. A unit root test is
performed using the augmented Dickey-Fuller (ADF) and Phillip-Perron (PP) test methods. ™
“and ™ represent significance at the 10%, 5% and 1% levels, respectively. The numbers in
parentheses represent the lag length of the ADF test and the bandwidth of the PP test. ADF: the

lag length is automatically specified using the Schwarz criterion. PP: The Bartlett kernel is used

and the bandwidth is specified using the Newey-West method.
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Table 2. Bi-variate time invariant cointegration test

US-UK US-France US-Germany US-Italy US-Canada US-Japan

RTR indices
Dependent US UK US France US Germany US Italy US Canada US  Japan
tau-statistic -0.84 -153 -214 -2.74 -2.54 -2.99 -1.27 -245 -0.78 -1.69 -1.95 -1.95
u (0.93) (0.75) (0.46) (0.19) (0.26)  (0.12) (0.84) (0.30) (0.93) (0.68) (0.68) (0.56)
7-statistic -3.07 -6.23 -9.16 -1235 -14.02 -17.35 -3.55 -11.94 -133 -5.67 -2.29 -8.29
(0.87) (0.63) (0.41) (0.24) (0.18)  (0.09) (0.84) (0.26) (0.96) (0.68) (0.92) (0.47)

NPR indices
Dependent US UK US France US  Germany US Italy US Canada US Japan
-082 -1.70 -195 -2.88 -2.14 -2.82 0.05 -2.07 -0.89 -161 -0.53 -2.27

tau-statistic 93 (068) (056) (0.14) (0.46)  (0.16)  (0.98) (0.49) (0.92) (0.72) (0.96) (0.39)
watistic 306 728 791 -1287 1050 -1501 007 -864 -163 516 -084 -1133
Z-SW@UslC  ge7y (055) (050) (0.22) (0.33)  (0.14)  (0.98) (0.45) (0.95) (0.72) (0.97) (0.29)

All indices are in terms of US dollars and transformed by natural logarithms. Engle-Granger
cointegration is applied to examine bivariate cointegration relations. The numbers in
parentheses are p-values. Each bivariate cointegration relation is examined twice depending on

the choice of dependent variable.
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Table 3. Hansen stability analysis of bivariate cointegration of the US and other G7 members

UK France Germany Italy Canada Japan
RTR indices
L 0.53 0.19 0.21 0.42 0.04 0.35
¢ (0.03) (>0.2) (>0.2) (0.07) (>0.2) (0.10)
MeanF 12.69 5.09 6.40 5.75 0.92 3.55
(0.01) (0.04) (0.01) (0.02) (>0.2) (0.12)
SupF 41.10 16.34 16.22 19.50 1.68 12.46
p (0.01) (0.01) (0.01) (0.01) (>0.2) (0.06)
NPR indices
L 0.76 0.27 0.17 139.76 0.05 0.36
¢ (0.01) (0.18) (>0.2) (0.01) (>0.2) (0.10)
MeanF 16.20 7.60 5.50 3396.71 1.27 3.75
(0.01) (0.01) (0.03) (0.01) (>0.2) (0.09)
SupF 57.45 20.00 19.32 7419.32 2.5 17.66
(0.01) (0.01) (0.01) (0.01) (>0.2) (0.01)

All indices are in terms of US dollars and transformed by natural logarithms. The Hansen test
is applied to the bivariate cointegration relations between the US and other G7 member
countries. The null hypothesis is a cointegration with constant parameters against the alternative
of a random walk in the cointegrating coefficient. The numbers in parentheses are p-values. P-
values of more than 0.2 are indicated by 0.2. The k; and k, parameters are both taken to be
zero. The null hypothesis of the three tests is constant cointegration. The alternative hypothesis
corresponding to L. and MeanF is a random walk in the cointegrating coefficient. The
alternative hypothesis corresponding to SupF is an unknown structural break in the

cointegration relation.
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Table 4. Coefficients of the state-space regressors in the cointegration of the US market with

6 other developed markets

a

EPUYS

EPUEY

GPR,

EPUYS

EPUFY

GPR,

BEER

Credit spread
DIVY

DVIX

US inflation
Domestic inflation
US Term spread
Domestic term

SLL
ADF

a

EPUYS

EPUEY

GPR,

EPUYS

EPUFY

GPR,

BEER

Credit spread
DIVY

DVIX

US inflation
Domestic inflation
US Term spread
Domestic term

SLL
ADF

UK France Germany Italy Canada Japan
RTR indices
2.600%** 3.8121*** 5.7604*** 5.7317*** 7.0198*** 6.8968***
0,0001 -0,0002 -0,0011 -0.0008 -0,0015* -0,0005
0,0002 0,0002 -0,0002 0.0000 -0,0016* -0,0038*
-0,0010***  -0,0006* -0,0009** -0.0009** -0,0010* -0,0046***
-0,0002 -0,0005 -0,0006 -0.0009 -0,0010 -0,0006
0,0000 0,0000 0,0005 0.0005 -0,0002 -0,0004
-0,0002 -0,0005 -0,0003 -0.0009* -0,0003 0,0001
-0,0003 -0,0004 -0,0002* -0.0005 -0,0003 -0,0003
-0,0288 -0,0603** -0,1090** -0.0601* -0,1189*** -0,2923***
0,0251*** 0.0293*** 0.0345*** 0.0425*** 0.0488*** 0.1081**
-0.0002***  -0.0003*** -0.0005*** -0.0005*** -0.0006*** -0.0016***
-0.0004 0.0000 -0.0003 -0.0014 -0.0002 0.0012
-0.0001 0.0000 -0.0003 0.0010 -0.0002 0.0015
-0.0021 -0.0015 -0.0053 -0.0052 -0.0178 -0.0335
-0.0036 0.0068 0.0180 -0.0060 -0.0246 0.0231
844.44 838.42 174.74 782.41 746.72 T47.44
-18.77*** -18.73*** -18.80*** -18.81*** -18.92*** -17.76%**
NPR indices

2.1351*** 3.7079*** 4.4189*** 5.3035*** 6.3087*** 6.1743***
0.0000 -0.0002 -0.0008 -0.0009 -0.0017* -0.0008
0.0005 0.0003 0.0007 -0.0003 -0.0016* -0.0033
-0.0010** -0.0007* -0.0005 -0.0010* -0.0009* -0.0041***
-0.0004 -0.0007 -0.0011 -0.0014* -0.0012 -0.0017
0.0000 0.0000 0.0002 0.0007 -0.0002 -0.0003
-0.0002 -0.0006 -0.0004 -0.0010* -0.0001 0.0006
-0.0000 -0.0004 0.0006 -0.0006 0.0007* 0.0035***
-0.0297 -0.0824** -0.1014** -0.0789* -0.1924*** -0.5580***
0.0263*** 0.0345*** 0.0387*** 0.0479*** 0.0596*** 0.1872***
-0.0002***  -0.0030*** -0.0004*** 0.0006*** -0.0007*** -0.0017***
-0.0005 -0.0005 -0.0008 -0.0008 -0.00320 -0.0119**
-0.0007 0.0140 -0.0008 0.0016* 0.0003 0.0020
-0.0065 0.0011 -0.0102 -0.0101 -0.01250 -0.0825
-0.0009 -0.0001 0.0070 -0.0009 -0.0010 -0.1203
844.92 822.02 818.27 785.52 744.80 753.84
-18.93*** -18.77*** -18.78*** -18.86*** -18.80*** -18.04***

All indices are in terms of US dollars and transformed by natural logarithms. Each column

corresponds to the bivariate cointegration relation of the US with G7 member countries. ™™

and ™ represent significance at 10%, 5% and 1% levels, respectively. The numbers in

parentheses are p-values. The parameters yys o and ygy o are the response of the change in the

cointegrating coefficient to contemporaneous innovations in EPU in the US and European
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Union respectively. y;pr o represents the response of the change in the cointegrating coefficient
to contemporaneous innovations in the GPR index. SLL stands for the maximized sum of the
log likelihood function. ADF represents the augmented Dickey-Fuller test statistic of the

residuals of the cointegration relation.
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Table 5. Variance equality test of the residuals

UK France Germany Italy Canada Japan
Variance term RTR indices
1.4385 1.6875 4.8142 3.3181 2.7636 1639907.514
e (0.00) (0.00) (0.00) (0.00) (0.06) (0.00)
0.7277 0.4983 0.5463 0.3987 0.4978 0.4507
Ty (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Y.—7. 1.3205 1.4684 3.5840 2.3489 1.0543 6.5361
t ot (0.00) (0.00) (0.00) (0.00) (0.30) (0.00)
Variance term NPR indices
1.7362 2.3456 2.5085 3.1741 2.9182 1848176.426
e (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
0.7625 0.6796 0.71378 0.5521 0.5289 0.4607
Ov (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Y.—7 1.5745 2.0222 1.9912 2.0112 1.1157 7.3189
t ot (0. 00) (0. 00) (0. 00) (0. 00) (0.15) (0. 00)

The error terms of the augmented model and that of the non-augmented model are tested for
equality of variance. The F statistic is obtained by dividing the estimated variance in the error
terms of the augmented bivariate cointegration model to those of the non-augmented model.
Each column corresponds to the bivariate cointegration relation of the US with a G7 member
country. The numbers in parentheses indicate p-values. The p-values of the first and third rows

are right-tail values, and those of the second row are left-tail values.
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Table 6. Cointegration test of augmented and non-augmented cointegrating coefficients

UK France Germany Italy Canada Japan
RTR indices
Dependent b, p, b, b, b, b, b, b, b, b, by b,
tau-statistic 228 235 239 237 320 317 256 -254 -L67 -170 274 -268
au-slaliStIC 38y (0.35) (0.33) (0.34) (0.07) (0.08) (0.26) (0.26) (0.69) (0.68) (0.19) (0.21)
tatistic 1020 -1041 -1136 -1111 -1987 -1957 -1273 -1265 571 58 -1522 -14.86
Z-SlalistC  935) (0.34) (0.28) (0.30) (0.05 (0.06)  (0.22) (0.23) (0.67) (0.66) (0.14) (0.15)
NPR indices
Dependent b, b, b, b, b, b, b, b, b b b, b,
tau-statistic 238 244 262 265 325 -325 218 219 -L67 -166 324 -3.20
au-SIAlISUC 034) (031) (0.23) (0.22) (0.06) (0.06)  (0.44) (0.43) (0.69) (0.70) (0.07) (0.07)

sostatistic 1129 1152 -1326 -1332 2117 2109 965 971 560 -553 -2L07 -20.78
(0.29) (0.28) (0.20) (0.20) (0.04) (0.04)  (0.38) (0.38) (0.68) (0.69) (0.04) (0.04)

Engle-Granger cointegration is applied to examine the bivariate cointegration relations between

augmented and non-augmented cointegrating coefficients. b, represents the non-augmented

cointegrating coefficient and 11 represents the augmented cointegrating coefficient. The
numbers in parentheses are p-values. Each bivariate cointegration relation is examined twice

depending on the choice of dependent variable.
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Figure 1. RTR and nominal NPR indices for G7 countries. All indices are in terms of US
dollars and are transformed by natural logarithms. The first sub-graph exhibits inflation-
adjusted total return indices. The second sub-graph exhibits nominal price return indices.
Figure 2. Cointegrating coefficient of the bivariate relations between the US and each of
the G7 members. The solid lines represent the results of the augmented model. The dashed
lines represent the results of the non-augmented model. All indices are in terms of US dollars
and are transformed by natural logarithms. The first sub-graph exhibits the results estimated
using inflation-adjusted total return indices. The second sub-graph exhibits the results
estimated using nominal price return indices.

Figure 3. The discrepancy between the non-augmented and augmented cointegrating

coefficients. Discrepancy is defined as 11 — by, where l§t and b, represent the augmented and
the non-augmented state-space variables, respectively. The first sub-graph exhibits the results
estimated using inflation-adjusted total return indices. The second sub-graph exhibits the
results estimated using nominal price return indices.

Figure 4. The time varying cointegrating coefficients of the non-augmented and
augmented models. The non-augmented cointegrating coefficient is regressed on a constant
and the augmented cointegrating coefficient, whereas the slope follows a random walk. The
first sub-graph exhibits the results estimated using inflation-adjusted total return indices for
Germany, Canada and Japan. The second sub-graph exhibits the results using the same indices

for the UK, France and Italy.
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Cointegrating coefficients of RTR indices
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Time-varying standard deviation of the state-space relation
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