METU Studies in Development, 20 (3) 1993, 357-379

TESTING FOR UNIT ROOTS: BAYESIAN APPROACH
VERSUS CLASSICAL TESTS
An Application to the Turkish Economy

Faruk SELCUK*

This paper investigates time scrics properties of major macroeconomic
series in the Turkish economy. Particularly, we are interested in whether the
series are stationary in levels, possibly with a trend, or stationary in the first
differences.

For testing unit roots, it is known that the classical procedure has low
power against some specific alternatives. Recently, Sims (1988) proposed a
Bayesian test to discriminate between a unit root and a root close to but below
unity. In this paper, both tests are applied to some major macroeconomic
variables. While the results of a classical test indicate the existence of a unit
root for all of the series except one, the Sims test rejects the unit root
hypothesis for some of these series. According to the Sims test, the existence
of random walk in these series requires a strong prior probability on the unit
root hypothesis. The results of the study suggest that relying upon only
classical test results may lead to specification errors in applied work.

1. INTRODUCTION

For many statistical and analytical purposes it is important to determine
whether an economic time series is stationary in levels or stationary in
the first differences. Consequently, unit root tests have become one of
the central issues in applied economics during the last decade. The importance
of testing for unit roots in macroeconomics is best summarized by Campbell
and Perron (1991:141):

"During the last decade, macroeconomists have become aware of a new
set of econometric difficulties that arise when one or more variables of
interest may have unit roots in their time series representations. Standard
asymptotic distribution theory often does not apply to regressions involving
such variables, and inference can go seriously astray if this is ignored.”

* Assistant Professor, Department of Economics, Bilkent University.



358 Faruk SELCUK

If an economic time series contains a unit root, there is no deterministic
long run mean (or trend) to which the series tends to converge. Moreover,
the variance of the forecasts becomes very large as the forecast horizon
increases (Harvey, 1990).

Following Nelson and Plosser (1982), several studies have been conducted
to investigate nonstationarity of major macroeconomic variables. For example,
price-dividend ratio has a unit root if there is a bubble, given stationary
dividend growth and discount rates (Hamilton and Whiteman, 1985). Another
example is the nonstationarity of aggregate price level series such as consumer
price index or wholesale price index. If government agencies fail to adjust
these indexes for the changes in quality or taste, observed behaviour of
price level shows nonstationarity (Schwert, 1987).l

Governments and international organizations now routinely calculate and
report real exchange rates for major industrialized and industrializing countries.
Some countries deliberately adopt a policy of driving the exchange rate
away from purchasing-power-parity (PPP). Policy-makers in these countries
hope that a policy of real depreciation results in ‘‘export-led growth” while
a policy of appreciation serves to reduce inflationary pressures in the economy
(Dornbusch, 1988). The empirical issue is to determine whether departures
from PPP are temporary or permanent. If the departures from PPP are
transitory, we expect that the real exchange rate series are stationary, perhaps
with a trend. On the other hand, if the real exchange rate has a unit
root, deviations from PPP are permanent, and there is no long-run value
to which the real exchange rate tends to return (Whitt, 1992). It is not
difficult to find other examples which exhibit the importance of unit roots
in dynamic modeling of economic series. Consider the following autoregressive
(AR) process

p
Xt=p+iz=1¢1xt-1+nt ¢))

Stationarity requires that the roots of the lag polynomial ¢(L) lie outside
the unit circle (Box and Jenkins, 1976). The classical test for unit roots,
known as the Dickey-Fuller test, involves estimating the model?

P
X, = p+ pX,, + ; 0, AX, , + 7, ©)
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and testing the null hypothesis that AR process contains a unit root i.e. p=1.0.

Dickey and Fuller (1979, 1981) tabulate the critical values of regression
t-statistic for the null hypothesis. If a series contains a unit root, only
differencing would induce stationarity and resulting series is called a difference
stationary process (DS). On the other hand, if a series is a trend stationary
process (TS) a simple detrending is enough to obtain stationary series.

There are several extensions of the Dickey-Fuller test. For example
Phillips (1987), and Phillips and Perron (1988) show that the Dickey-Fuller
test is affected by autocorrelations in errors from Equation (2).3

Despite the fact that the time series properties of a trend stationary
(TS) and a difference stationary (DS) series are different, the proposed
empirical tests to distinguish the two processes have low power in finite
samples (Blough, 1988; Schwert, 1987, 1989; Campbell and Perron, 1991).
Particularly, it has been shown that the tests for a unit root have low
power against the alternative of a root close to but below unity (Cochrane,
1991a). Some authors even argue that unit root tests "cannot accomplish
the mission for which they were designed" (Cochrane, 1991a; 1991b); and
that the unit root issue may not actually matter that much (Christiano
and Eichenbaum, 1989).

In a different context, Sims (1988), and Sims and Uhlig (1988) argue
that marginal significance levels based on the classical tests for unit roots
are misleading. They show that the use of classical tests in testing unit
root hypothesis amounts to acting as if one has a strong belief in a
root at or above one. Sims (1988) argues that Bayesian probability statements
about unknown parameters are more informative and useful. As an alternative
to classical unit-root tests, he proposes a Bayesian test to distinguish between
a unit root and a root which is close to but below unity.

This paper applies a classical test and the Sims test to some of
the major macroeconomic variables in the Turkish economy. The results
of the Sims test suggest that the existence of unit roots in some of these
series requires a high prior weight on the unit root null hypothesis. On
the other hand, the results of the classical test cannot reject the unit
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root null hypothesis for all of the series but one.

The paper is organized as follows. Section 2 performs the classical
unit root test for twenty monthly macroeconomic variables including Money
Supplies (M1, M2, MY), Consumer and Wholesale Price Indexes (CP, AP,
WP), Industrial Production (IP), Total Imports (TM), Total Exports (TX),
Real Exchange Rate (RX), Consolidated Budget Expenditures (GX), Gold
Prices (GC), and Interest Rate (R3).4 Section 3 applies the Sims test to
the same data set, and compares the results with the classical test results
in Section 2. Section 4 contains brief conclusions.

2. CLASSICAL UNIT ROOT TEST FOR THE DATA

All of the variables used in this study are monthly and in natural
logs except for the interest rate. The first differences of the variables,
therefore, are growth rates of the data. Hence, inclusion of a time trend
measures an exponential growth rate for the variable. The Appendix gives
the definitions of the variables and data sources.

2.1. Autocorrelations of the Data

The first twelve autocorrelations of the variables and the first twelve
autocorrelations of the deviations from a time trend and a constant are
presented in Tables 1 and 2, respectively. The sample autocorrelations of
the levels start around 0.97 and decay slowly, indicating that the series
are highly autocorrelated. Even though the trend deviations have smaller
autocorrelations, detrending does not seem to induce stationarity for most
of the series.

Table 3 gives the first twelve autocorrelations of the first differences
of the same variables. The growth rates of the variables seem to be stationary
except for Total Savings (TS), Wholesale Price Indexes (AP, WP), Consumer
Price Indexes (CP), and Money Supply (M2). For the other series, we
observe high autocorrelation coefficients at lag one. It indicates that the
series may have a moving average (MA) component.

Table 4 lists the first twelve autocorrelations of the second differences
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of the variables. The changes in growth rates of the series, except for
interest rates (R3, R6, R9, RY) and Total Savings (SS, ST), have first
order autocorrelations between -0.35 and -0.75. This implies the existence
of a moving average component around 0.90. Box and Jenkins (1976)
and Schwert (1987) show how differencing a random series results in an
MA(1) process with a moving average coefficient equal to 1.0. Note that
when the moving average coefficient is 1.0, the series has a first order
autocorrelation of -0.50.

Based on the sample autocorrelations in Tables 1, 2, and 3, we conclude
that most of the series are following ARIMA (p, 1, 1) process. Table
4 suggests that inflation rate, money growth rate, and total savings growth
rate are non-stationary, perhaps with a moving average component.

2.2. The Dickey-Fuller Test for Unit Root

Early applications of the unit root test employed the assumption that
the time series are generated by a pure autoregressive process. Schwert
(1987) shows that if the underlying process contains a large moving average
component, the use of Dickey-Fuller critical values rejects the hypothesis
of nonstationarity too often. Said and Dickey (1984), on the other hand,
show that ARIMA (p, 1, q) process with unknown p and q can be approximated
by an ARIMA (k) process where k increases at a controlled rate as the
sample size increases to infinity. We know from the previous section that
most of the series have a moving average component. Following Said
and Dickey, we decide to use a high-order autoregressive approximation
for these series. Two equations below are estimated to implement the Dickey-Fuller
test

P
X, = p+ Bt+ px,_, + 12: Y X, + 1, ?3)
-1
P
X, =p+ pXoy + 3 Y MK+, @

where AX: = X; - Xi1. Monthly data have been used in the estimations of
both equations.5
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The null hypothesis for both equations is that the series has a unit
root (p = 1.0). The alternative is stationarity around a time trend and
a constant for Equation (3). The alternative hypothesis for Equation (4)
is that the series is stationary with a constant.

The choice of a lag length is crucial because the outcome of the
test depends on the truncation lag parameter p. To specify the lag length,
we consider several criteria. In cases where an MA model seems to be
appropriate, the lag length p is set to 12 for the series. For other series,
a maximum lag length, pmax is defined and the equation is estimated
with p=1,2,..., pmax. Among these regressions the one which gives the
smallest Akaike Information Criterion (AIC) (Akaike, 1973), is selected
as the appropriate lag length.6 For some of the variables a flat AIC is
observed. In that case the above procedure is reversed. First, the regression
is estimated with pmax. If the last included lag is significant, we select
P= Pmax. If not, the number of lags is reduced one by one until the
coefficient on the last lag is significant (Campbell and Perron, 1991).

The results of the regressions are reported in Tables 6 and 7. As
expected, the estimates of the first order autoregressive coefficient from
Equation (3) (the fifth column of Table 6) are very close to 1.0 for
most of the variables. Table 7 lists the regression results when the time
trend is not included (Equation 4). The results in Table 7 strongly suggest
that a time trend should be included for all the series except for the
interest rates and the real exchange rate. This result is not surprising,
since most of the variables are in nominal terms and the Turkish economy
has had a persistent inflation during the last decade, making exponential
growth models more appropriate for nominal variables. As it can be seen
from the estimation results, without a time trend the value of coefficient
on the first lag is greater than or equal to 1.0 for most of the series.

Also the Dickey-Fuller test statistics for testing the null hypothesis
p = 1.0 for Equations (3) and (4) are given in Tables 6 and 7. To
reject the unit root hypothesis at the 5 percent significance level, it is
required that the calculated t-statistics from estimated Equation (4), @,
should be less than -2.92 for a sample size of 50 and -2.89 for a sample
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size of 100. Similarly, calculated t-statistics from estimated Equation (3),
@y, should be less than -3.50 for a sample size of 50 and -3.46 for
a sample size of 100 (Fuller, 1976: 373).7 Clearly, none of the variables
come close to this critical value except for the Manufacturing Industrial
Production Index (IP). Consequently, we fail to reject the null hypothesis
of the unit root for all the variables except for IP on the basis of the
classical test.

3. THE SIMS TEST FOR UNIT ROOT

Sims (1988) and Sims and Uhlig (1988) argue that classical tests
for unit roots put an excessive weight on plausibility of a unit root. They
show that the naive use of classical test marginal significance levels not
only gives an excessive weight to the null hypothesis but also implies
a priori belief that a p value greater than 1.0 is more likely than a
p value less than 1.0 in Equation (2).

Following Leamer (1978: Ch.4), Sims proposes a Bayesian test as
an alternative to classical unit root tests.® Leamer (1978) argues that the
Bayesian posterior-odds-ratio is more appropriate than the likelihood ratio
in testing a point-nu!! hypothesis (a unit root in our example) against
a composite alternative (a root below unity in our example). The odds-ratio
can be viewed as a weighted average of the likelihood function over all
the points consistent with the null hypothesis (unit root), divided by a
weighted average of the likelihood function over all points in the alternative
(no unit root). The weights in this ratio are determined from the prior
distribution of the parameters, explicitly stated by the researcher.

In testing unit roots, Sims proposes a prior probability, o, uniformly
on the interval (0,1), and probability (1 - a) on p = 1.0. Assuming
an independent uniform prior on the variance, he derives the likelihood
function and shows that in large samples the odds-ratio in favour of the
null hypothesis (p = 1.0) is

where Op is the standard error of p, T is the usual t-statistic for testing p=1.0,



364 Faruk SELCUK

®(7) is the cumulative distribution function for the standard normal distribution
evaluated at T, and ¢(t) is its probability density function. This criterion tends
to favour the unit root hypothesis when op is small. The odds-ratio uses the
fact that if p=1.0, op should shrink much faster than if p = 1.0.

The existence of the prior weight a in the odds-ratio gives an explicit
advantage on the null hypothesis of a unit root: Even though any point
between 0.0 and 1.0 has a zero probability, the point where p=1.0 has
a probability of (1.0 - o). On the other hand, the implicit prior in the
classical test is not flat. It gives more weight to the region where p
is around 1.0. For example, for an OLS estimate of porLs = 0.95, the
implicit prior makes p’s around 1.0 two to three times more likely than
p’s around 0.90. The weight increases when OLS estimate of p gets closer
to 1.0 (Sims and Uhlig, 1988).

Since we are interested in the situation where the likelihood is concentrated
around 1.0, it is reasonable to assume that the prior is also concentrated
around 1.0. Following Sims, the alternative hypothesis can be limited to
the values of p between 0.5 and 1.0 for the yearly data, 0.84 and 1.0
for the quarterly data, and 0.94 and 1.0 for the monthly data. Consequently,
Sims derives the following criterion:

The null hypothesis of a unit root cannot be rejected if ¥ > 0,
1
¥ = 2log(——) - 10805 + 2log(1 - 2[‘IM) = 2log(®(r)) — log(27) — 72 (6)

where s is the number of periods per year (12 in our application).

In order to calculate the test statistic ¥ (Equation (6)) for each variable,
it is necessary to define the prior distribution for p. We assume that
a = 0.80, i.e. 20% prior probability on a unit root. Calculated test statistics
¥ and W, for Equations (3) and (4) are given in Table 8.

Test results are not uniform. When a time trend is not included in
the regressions (Equation (3)), the Sims test cannot reject the unit root
hypothesis for variables other than interest rates and consolidated budget
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expenditures and revenues. By contrast, when the regressions are estimated
with a time trend (Equation (4)), the series seem to be stationary except
for the old price indexes (IW, WP, AP), large monetary aggregates (M2,
MY), real exchange rate (RX), and saving deposits (ST, SS). As a result,
we conclude that the other series are stationary around a time trend according
to the Sims test.

It is possible to calculate the marginal prior probability on the null
hypothesis which would force the test to favour the unit root hypothesis
given the sample information. The calculated marginal prior probabilities,
(1 -a)x and (1 - a), are also given in Table 8. The smaller the
value of the marginal prior probability, the stronger the rejection of the
unit root by data. The Sims test strongly rejects the unit root hypothesis
for some of the variables for which the classical test indicated the existence
of a unit root (Table 8).

4. CONCLUSION

In this paper, we applied two different tests to a set of major macroeconomic
variables to determine whether the series contain a unit root. The results
of a classical test could not reject the unit root hypothesis for 19 series
out of twenty. By contrast, the Sims test could not reject the unit root
null hypothesis for 8 series out of twenty, signaling the low-power pioperty
of the classical test.

Overall, it is safe to assume that the variables for which both test
results indicate the existence of a unit root are not stationary. The implications
of a unit root in the series are twofold: First, if the series contain a
unit root, a regression of one series on another produces spurious results.
Second, the disturbances on the series with a unit root have a permanent
effect and there is no long-run values to which the series tend to converge.

The nonstationarity of the old price indexes (IW, AP, WP) is evident
according to both tests. This could be an indication of non-stationary "measurement
errors” or the failure to incorporate the change in tastes and quality into
the price indexes. Caution should be exercised in the use of these price
indexes in economic modelling.
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The real exchange rate series (RX) also shows nonstationarity in the
levels according to both test results. This is not surprising knowing the
fact that Turkish policy makers have consistently adopted either a policy
of real exchange rate depreciation in order to promote growth of exports
or a policy of real exchange rate appreciation to slow down the inflation.
The observed behaviour of RX suggests that it is meaningless to talk
about some long-run or steady-state level of the real exchange rate, such
as PPP. This result itself has strong implications for future research since
most of the applied work in open-economy macroeconomics assume that
PPP holds.

Finally, large monetary aggregates (M2, MY) appear to be first-order
integrated variables according to both test results whereas M1 can be viewed
as a trend stationary process according to the Sims test. Nonstationarity
of large money supplies seems to be caused by saving deposits. It is
known that the results of money demand function estimations or Granger
causality tests are sensitive to whether monetary aggregate is used in levels,
or is differenced or detrended (Stock and Watson, 1988).

In applied economics, it is now almost a requirement to start the
analysis with an investigation of the time series properties of the employed
series. The results of this study point out the low-power property of classical
tests for unit roots, i.e. high probability on rejection of the alternative
hypothesis (stationarity) although it is true. The results suggest that relying
upon only classical test results in the determination of the time series
properties of the concerned series may lead to misspecification in an applied
work.
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