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Applying Im, Pesaran and Shin (2003) and Pesaran (2007) approach, we examine the presence of unit
roots in inflation rates and stock returns of 18 OECD countries. Under the assumption of cross sectional
dependence, results support unit roots in our sample. Application of Johansen (1991) test fails to detect
cointegration in some cases. Larsson, Lyhagen and Lothgren (2001) panel test provides strong evidence
of cointegration for all the countries in the sample. We fail to support the presence of a uniformly positive
relationship between inflation and stock returns, thus casting some doubt over equities as effective long
run inflation hedges.
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INTRODUCTION

A constant feature of most recent empirical work in time series econometrics involves testing for unit
roots in the underlying economic and financial variables. According to Campbell and Perron (1991), unit
roots have important implications for both theoretical and empirical research. In particular, they indicate
irreversible short run departures of the variables from their long run equilibrium values, a finding at odds
with many theories of economic and financial behavior, in which such departures are supposedly self-
correcting. Consequently, when unit roots found, attempts have been made to either justify them by newer
theoretical models, or reject them by using more powerful empirical tests. Examples of the first include
the real business cycle model (Kydland and Prescott, 1982) and the efficient markets hypothesis (Fama,
1991) to justify the presence of unit roots in outputs and stock prices, respectively. At the same time,
more powerful unit root tests have been applied, using the nonlinear autoregression (Balke and Fomby,
1997; Enders and Granger, 1998; Kapetanios, Shin, and Snell, 2002), and panel data approaches (Levin
and Lin, 1993; Maddala and Wu, 1999; Im, Pesaran, and Shin, 2003; Pesaran, 2007).

Among the above unit root tests, the panel data approach has received considerable attention due to
the fact that the standard augmented Dickey-Fuller (1979; henceforth ADF) test for individual time series
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has a low power in differentiating between stationary, though persistent, from nonstationary processes. As
shown by Levin and Lin (1993) and Quah (1994), using panels can enhance the power of the ADF test.
This is particularly true for panels with numerous members and longer sample durations. Unlike the
earlier work in this area, more recent panel unit root tests allow for both heterogeneity and cross section
dependence of the panel members, thus making it possible to test more realistic alternative hypotheses
(Im, Pesaran and Shin, 2003; Moon and Perron, 2004; Pesaran, 2007).

In light of the preceding, this paper attempts to illustrate the use of the panel data unit root tests by
analyzing the time series behavior of both inflation rates and stock returns in 18 OECD countries over the
1985-2013 period. Given the importance of both inflation and stock returns to the performance of the
economy, there already exists a voluminous literature on their time series behavior, with mixed results.
Concerning inflation, while Nelson and Schwert (1977), Baillie (1989), Ball and Cecchetti (1990),
Johansen (1992), Evans and Lewis (1995), Edwards (1998), Crowder and Wohar (1999), and Ng and
Perron (2001) have found evidence of unit roots, Culver and Papell (1997), Lee and Wu (2001), and
Basher and Westerlund (2008) have failed to do so. Likewise, and concerning nominal stock returns,
while Fama (1970), Kim, et al. (1991), McQueen (1992), Richardson (1993), Chaudhuri and Wu (2003),
and Narayan and Smyth (2005) find evidence of unit roots in many countries, Fama and French (1988),
Lo and MacKinlay (1988) and Poterba and Summers (1988) find evidence against the presence of unit
roots. Most of these earlier studies, however, either fail to draw on the more powerful panel unit root
tests mentioned above or do so only under very limited assumptions or time periods.

This paper advances the empirical evidence by testing for unit roots in inflation and stock returns of a
panel of 18 OECD countries over the 1985-2013 period. Thus, in addition to using the panel testing
methodology, our study covers a larger number of OECD countries and for a longer and more updated
time period than many earlier studies. In addition, we explicitly test and find cross sectional dependence
among the panel members, a finding that necessitates the use of the more powerful Pesaran (2007) unit
root test.

Since the results to be later presented in the paper do indicate the presence of unit roots in both
inflation rates and stock returns of our sample OECD countries, a related issue arises as to whether there
1s a long run positive relationship between inflation and stock return, that is, whether equities are effective
long run inflation hedges. Not surprisingly, the evidence for this so-called Fisher effect has also been
mixed (Bodie, 1976; Fama, 1981; Gultekin, 1983; Boudoukh and Richardson, 1993; Choudhry, 2001,
Cifter, 2015). This paper makes an attempt to shed additional light on this issue by testing for the
presence of cointegration between inflation and stock returns of our sample countries, using both the
standard Johansen (1991) and the more robust Larsson, Lyhagen and Loéthgren (2001) panel cointegration
tests.

The rest of the paper is organized as follows. Section II discusses the econometric methodology
employed. Section III presents the empirical results. Section IV concludes.

METHODOLOGY

As stated earlier, the main objective of this paper is to test the null hypothesis of unit roots in inflation
rates and stock returns of a sample of OECD countries, using the more powerful panel unit root test. We
can, of course, increase the power of the ADF test by using longer spans of the individual series, but this
may complicate the test by possible regime shifts and other structural breaks in the data. Instead, by
allowing for both cross sectional and time variations, panel tests can potentially enhance the power of the
ADF test (Levin and Lin, 1993). More specifically, Levin and Lin (LL, henceforth) start from the
standard ADF test for each of the N members of a panel over T periods, as follows:

J=Di

Ayir=0itpyir1+ Z BijAyir-jteis (1

J=1
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wherei=1,... N, t=1,....T, and € j, =~ idd (0, Giz)‘ In this test, the null and alternative hypotheses are,
respectively, defined as:

H, p=0, ()
H,: p<0. 3)
Drawing on the unrealistic assumption of a uniform speed of adjustment for all panel members, LL

show that their pooled estimate of p follows a standard normal distribution. To address this limitation, Im,
Pesaran and Shin (IPS, henceforth) estimate instead the following ADF regression:

J=p

AYi =0+ piyie1+ Z BijAyir-jteir, 4)
Jj=1

where the null and alternative hypotheses are now defined as:

H,: p =0, foralli=l,.....N ®)

H, : p <0. for some i =1,..N (6)

Based on the above ADF regressions, IPS propose their 7 test statistic as the average of the
corresponding individual ADF t-statisitcs (t;), as shown below:

D 1
t=2¥N, ¢, %)

Assuming cross sectional independence, and using the Lindberg-Levy central limit theorem, IPS

show that their 7 statistic has an asymptotically normal distribution. In addition, using Monte Carlo
simulations, IPS compute the mean (p) and variance (var) of their average ADF t-statistic for different

values of N, T and ADF lag (p;). Consequently, the standardized IPS 7 statistic, denoted by z , can be
written as:

\/W(}—u)
Vvar ®)

z =

As pointed out by O’Connell (1998), however, the presence of cross sectional dependence can
seriously distort the size of the above IPS test. To address this issue, attempts have been made to use a
host of factor and error components models (Choi, 2001; Phillips and Sul, 2003; and Pesaran, 2007). In
particular, Pesaran (2007) offers a modified IPS test, in which the standard ADF test is further augmented
by the lagged values of the level and first differences of the cross sectional averages:

_ J=D; J=D; _
AYi,1=0h+PiYi,t-1+Ciyi,t-1+z BijAyii-j+ Z dijA yic-jtvie ©))
Jj=1 J=0
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where ;t = % YN . vi:. Following IPS, Pesaran uses the average of the CADF (cross sectionally
augmented ADF) t-statistics, as defined below:

=3t (10)

Under cross sectional dependence, the 7 statistic no longer has an asymptotic normal distribution.

Therefore, using simulations, Pesaran offers the critical values of the standardize d version ( zZ, hereafter)
of this statistic for various sample and panel sizes.

Given the preceding, and before the application of the above panel unit root tests, it is important to
test for cross sectional dependence. This is done by using the diagnostic techniques developed by Breusch
and Pagan (1980) and Pesaran (2004). Specifically, the Breusch-Pagan Lagrange Multiplier (LM) test is
based on the following test statistic:

LM=TXN SN 007, (11)

where p ; is the Pearson correlation coefficient between the estimated residuals from the ADF regressions

of the panel members 1 and j. Under the null of no cross sectional dependence, the LM statistic has a chi-
squared distribution with N(N-1)/2 degrees of freedom. Similarly, the Pesaran cross sectional
dependence (CD) test is based on the following test statistic:

2T -
CD= [T G5 Eiivap ) (12)

where p ; is defined as before. Under the null of no cross sectional dependence, the Pesaran CD statistic

has asymptotically a standard normal distribution.

Our discussion so far has centered on the methodological issues surrounding the use of more robust
panel unit root tests. Of related interest is the use of equally more robust panel cointegration tests in
establishing the presence of long run relationships among variables characterized by unit roots. Perhaps
the most popular non-panel cointegration test in a multivariable context is that of Johansen (1991). The
Johansen test follows the assumption that the data with unit roots can be described by a VAR in levels of
order q as follows:

vo=T1 v +I1 2y + T gy + 100 (13)

where y, is a vector of n difference-stationary variables and g, is a vector of Gaussian white noise
disturbances. The above VAR can be restated in the first differences of the variables as follows:

Ay, = H Via LAY L+ LAy o+ + T LAY, + 1 (14)

Elements of y, are cointegrated if they have linear combinations that are stationary. According to
Johansen (1991), if there are » such cointegrating relations, the rank of IT equals » <n and IT can be
factored as the product of two n x r matrices (H:—,Ba'), where « represents the matrix of r

cointegrating vectors and £ represents the matrix of adjustment coefficients. Under the cointegration
assumption, equation 14 can be expressed in the following error correction model (ECM) form:
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Ay, ==pZ,_ +T\Ay  + LAy, +-- + T Ay, + 1y (15)

where Z, = o'y, represents the error correction terms. Johansen then introduces a likelihood ratio-based

trace statistic to test for the number of cointegrating vectors r. Larsson, Lyhagen and Lothgren (2001)
have extended the Johansen test by offering a standardized average trace statistic (zzz) for the panel
members, which, under the null hypothesis of r cointegrating vectors, follows an asymptotic normal
distribution. More specifically, we have:

VN (Trace- p)

ZZ7Z =
vvar

(16)

where Trace = average trace for all panel members, and u and var are the mean and variance of Trace
as tabulated by Larsson et al. (2001).

EMPIRICAL RESULTS

In this section, we present the empirical results of testing for the presence of unit roots in inflation
rates and stock returns of 18 OECD countries, using the methodology discussed in the preceding section
and drawing on our earlier work. The data, which are taken from the Estima OECD files, are quarterly,
expressed in nominal terms, and cover the 1985:1-2013:3 period (only sample period for which complete
data were available for the largest number of OECD countries). Since the countries in the sample are all
OECD members, they are among the largest and most advanced industrial countries in the world. As
such, they share many important economic and financial structural characteristics. In addition, they
display significant economic and financial interactions, given the growing integration of their capital
markets in recent decades. These facts are of considerable importance in performing robust panel unit root
tests.

As a first step, this section therefore conducts the standard ADF tests for our variables against the
alternative hypotheses that they are stationary around a constant. (Given that no clear trend was visible in
the underlying data, no time trend was included in the ADF tests). In addition, the appropriate lag lengths
for our ADF tests were selected by using the Akaike information criterion (Akaike, 1973). The ADF test
results with a lag of seven quarters are given in Table 1. As it is seen from the table, the null of a unit root
can be rejected for both inflation rates and stock returns of most of the sample countries, indicating the
presence of mean reversion for most of our variables. If true, these findings render inflation rates and
stock returns largely predictable in the long run.

Having established the lack of random walk behavior in our data based on the ADF test, we now
proceed to test for unit roots within a panel framework. This approach should lend additional power to our
ADF tests. We begin by the IPS test, ignoring for the time being the possible cross sectional dependence

of the panel. To this end, we estimate the individual ADF equations and their corresponding = statistic,

which, as seen before, has an asymptotic normal distribution. Based on the corresponding z values for
our panel, -7.68 for the rate of inflation and -12.04 for the stock return, which are both highly significant
at the 5 percent level. It is thus clear that the IPS test strongly rejects the null hypothesis of unit roots for
our panel, consistent with our earlier ADF results. That is, once again we cannot reject mean reversion in
our underlying variables. However, as discussed earlier, the IPS test can result in spurious findings in the
presence of cross sectional dependence. Thus, we need to test for cross sectional dependence among our
sample countries.
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TABLE 1
ADF UNIT ROOT TEST RESULTS

Country Inflation Stock Country Inflation Stock
Rate Return Rate Return
Austria -3.96* -4.26* Japan -1.74 -3.97*
Belgium -3.78% -4.20% Netherlands | -3.38% -3.43%
Canada -2.03 -4.59* Norway -3.50* -3.88*
Denmark -3.88* -4.61* N. Zealand -3.08* -3.95%
France -1.82 -3.95% Spain -4.07* -3.60*
Germany -1.15 -3.84%* Sweden -3.68% -3.55%
Greece -3.08* -3.15% Turkey -0.41 -2.83
Ireland -7.63* -3.58* UK -1.68 -3.85%
Italy -1.12 -3.89% US -4.04%* -4.16*

* Indicates significant at the 5 percent level.

The cross sectional dependence of panels can be tested based on the LM and CD diagnostic tests
mentioned earlier in the paper. As a first step in that direction, we need to estimate the pairwise
correlations for all the ADF residuals obtained for the individual panel members. Based on these
correlations, we can then calculate the corresponding diagnostic test statistics. The Breusch-Pagan LM
statistic, which has a chi-squared distribution with 153 degrees of freedom for our sample, has a value of
1,164.37 for the inflation rate and a value of 6,125.47 for the stock return, both highly significant at the 5
percent level. Similarly, the Pesaran CD test statistic, which has a standard normal distribution, has a
value of 22.72 for the inflation rate and a value of 70.54 for the stock return, again both highly significant
at the 5 percent level. Thus, both our diagnostic tests are consistent with cross sectional dependence for
our panel. Under these conditions, we need to apply the Pesaran-modified IPS test, as discussed earlier.

To apply the more robust Pesaran test, we first estimate the cross sectionally augmented ADF
(CADF) equation 9 for all inflation rates and stock returns in our sample. The results are reported in Table
2. Based on the critical value of -3.25 provided by Pesaran for individual CADF equations, the null
hypothesis of a unit root cannot be rejected for almost any of the sample countries at the 5 percent level.
To increase the power of the test, we need to apply the panel version of CADF, as discussed earlier. To

this end, the cross The estimated zzstatistic has a value of -1.09 for the inflation rate and 0.61 for the
stock return, both larger than the 5 percent critical value of -2.20. This means that the unit root hypothesis
cannot be rejected for either inflation rates or stock returns. Clearly, these results are at odds with those
found earlier for our standard IPS test, where the issue of the presence of cross sectional dependence
across our panel members was ignored. Based on these more robust test results, we can raise questions
about the long run predictability of both inflation and stock market performance, at least in the context of
our OECD countries.
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TABLE 2
CADF UNIT ROOT TEST RESULTS

Country | Inflation Stock Country | Inflation | Stock

Rate Return Rate Return

Austria -0.59 -2.05 Japan -3.62 -2.56
Belgium -0.58 -1.60 Netherlands 0.04 -1.92
Canada -1.54 -0.60 Norway -0.57 -1.71
Denmark -0.33 -1.10 N. Zealand -2.42 -1.66
France 0.14 -1.66 Spain -0.61 -1.33
Germany -3.02 -1.57 Sweden -1.25 -1.59
Greece -2.61 -3.30* Turkey -2.87 -1.46
Ireland -1.19 -1.36 UK -1.49 -1.64
Italy -2.86 -1.29 US 0.37 -1.19

* Indicates significant at the 5 percent level.

Given the presence of unit roots in our inflation rates and stock returns, we also proceed to test for the
existence of cointegration between these variables. More specifically, we are interested to see whether
there exists a positive long run relationship between inflation and stock returns, a la Fisher. Since the pace
of economic growth, as measured, say, by changes in industrial production, can impact both inflation and
stock market performance, we include this variable in our cointegration equations to control for the
possible negative effect of growth on inflation and, therefore, indirectly on stock returns. (Our tests imply
that the overwhelming majority of our outputs are also characterized by unit roots). Once again, we shall
make use of both the standard and panel cointegration tests, as discussed earlier in the paper. Table 3
presents the country-by-country and panel test results for three different hypotheses regarding the number
of cointegrating vectors (r = 0, r = 1, and r = 2). Starting from the Johansen trace test results for the
individual countries, the table shows the presence of no cointegrating vector for six countries (Austria,
Belgium, Canada, Spain, Sweden and Turkey), one cointegrating vector for ten countries (Denmark,
France, Germany, Greece, Ireland, Italy, Japan, Norway, UK, and US), and two cointegrating vectors for
two countries (Netherlands and New Zealand). However, the use of the more robust panel cointegration
test indicates the presence of only one cointegrating vector for all the sample countries. More specifically,
as the table shows, the average trace values are respectively 38.11, 16.15, and 5.10 forr =0, 1, and 2.
Standardizing these average trace values by their simulated means and variances given by Larsson et al.
(2001), we obtain the zzz values of, respectively, 6.54, 1.01 and -1.29, where only the first value exceeds
1.645, the 5% critical value for a normal distribution. Thus, there is one and only cointegrating vector for
each country in the sample.
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TABLE 3
STANDARD AND PANEL COINTEGRATION TEST REULTS

r=0 r=1 r=2 r=»0 r=1 r=2

Country Trace Trace Trace Country Trace Trace Trace
Austria 3245 1665 6.64 Japan 39.09* 1227  3.10
Belgium 3041 1646 6.50 Netherlands 44.24* 21.00* 8.59
Canada 2932 1513 7.10 Norway 39.63* 1758 6.21
Denmark 35.52* 1688 628 N.Zealand 43.68* 20.69* 825
France  39.14* 1397 532 Spain 30.02 1567 261
Germany 41.66* 17.79 2.78 Sweden 3312 20.15 832
Greece  38.70* 11.58 5.12 Turkey 25.74 8.66 0.33

Ireland  56.38* 15.53  0.65 UK 39.87% 1559  4.69
Italy 48.57* 18.64 448 US 38.48* 16.62 497
Trace 38.11 16.15 5.10 ZZZ 6.54%* 1.01 -1.29

* Indicates significant at the 5 percent level.

In addition, the estimated cointegrating equations indicate a negative relationship between stock
return and inflation for half of the countries in the sample, with the other half being characterized by a
positive relationship (See Table 4). In other words, we find no consistent empirical support for the Fisher
effect in our data. Interestingly, even when we include the nominal interest rate as a proxy for expected
inflation in our cointegrating equations, we still largely obtain the same results, namely, that equities fail
to provide a consistent long run hedge against inflation.

TABLE 4
COINTEGRATION EQUATIONS (DEPENDENT VARIABLE=STOCK RETURNS)
Industrial Industrial

Country | Constant | Inflation | Production | Country Constant | Inflation | Production
Austria -0.448 31.109 26.220 Japan -0.001 1.792 -0.047
Belgium 0.068 -8.741 -1.409 | Netherlands | -0.009 | -13.955 23.276
Canada 0.019 -1.204 0.364 Norway -0.133 30.605 -1.554
Denmark 0.000 1.624 2.120 N. Zealand 0.149 -35.138 0.586
France 0.016 -4.372 56.685 | Spain 0.016 -0.231 2.601
Germany | -0.488 36.032 72.769 Sweden -0.014 0.927 5.052
Greece -0.001 2428 3.844 Turkey -0.043 1431 1.624
Ireland 0.105 1.371 -4.899 UK 0.008 -0.378 6.320
Italy 0.021 -3.020 4.056 UsS 0.032 -2.104 1.302

CONCLUSION

This paper has examined the presence of unit roots in inflation rates and nominal stock returns of a
sample of 18 OECD countries over the 1985-2013 period, using the heterogeneous panel unit root tests
developed by Im, Pesaran and Shin (2003) and Pesaran (2007). Under the assumption of cross sectional
independence across the panel, we find no evidence of unit roots, thus failing to reject mean reversion for
our variables for all the countries in the sample. However, under the assumption of cross sectional
dependence, an assumption borne out by our diagnostic test results, we find support for the presence of
unit roots in these variables. Thus, the use of more robust panel unit root tests seems to raise questions
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about the long run predictability of both the inflation rate and the stock return, at least in the context of
our OECD countries. If valid, these findings also lend support to those who assert that both the
commodity and security markets are informationally efficient.

Additionally, our paper has also tested for the presence of a long run positive relationship between
stock returns and inflation rates, the so-called Fisher effect. According to this effect, nominal stock
returns tend to adjust for changes in the rate of inflation to ensure the independence of real stock returns
from inflationary expectations. While the standard Johansen (1991) test largely fails to detect any
cointegration, even after allowing for economic growth, the more robust Larsson, Lyhagen and Lothgren
(2001) panel cointegration test provides strong evidence of long run cointegration for all the countries in
our sample. However, the signs of the estimated cointegration coefficients fail to detect any consistent
Fisher effect for our OECD countries. Indeed, for half of the countries in the sample, the relationship
between stock returns and inflation rates are negative, even in the presence of an output variable, thus
providing support for the mixed findings in the literature, as alluded to earlier in the paper.
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