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ABSTRACT

In this paper, we investigate the nonlinearity and nonstationarity of Turkish output series applying a Markov regime switching augmented Dickey Fuller 
unit root test. We document that the output series are characterized by a two-regime Markov switching unit root process. We show that output series 
is stationary in one regime and nonstationary in the other one. Moreover, we observe that the nonstationary regime corresponds to the recessionary 
periods in the Turkish economy. That is, the shocks to output are highly persistent in the recession regime, but they are transitory in the expansion 
regime. In addition, the time period in which the output series is found as stationary is longer than the one in which the output series has a unit root.
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1. INTRODUCTION

Ever since the influential work of Hamilton (1989) who models 
the U.S. business cycle, numerous studies have examined the 
macroeconomic fluctuations using Markov regime switching 
models. These studies document that if the macroeconomic time 
series show nonlinearities, asymmetries and regime shifts, then 
the standard models with constant parameters are likely to yield 
misleading results. In this regard, Markov regime switching 
models are one of the most appropriate econometric models not 
only to examine the dynamic nature of the variables of concern 
but also to analyze how these variables behaved previously and 
how their behavior may change hereafter.

Researchers have adapted Markov regime switching methodology 
to different models such as vector autoregressive models 
(see Krolzig (1997), Warne (2000), Ehrmann et al. (2003)), 
autoregressive conditionally heteroscedastic (ARCH)/generalized 
ARCH models (Hamilton and Susmel (1994), Cai (1994), Gray 
(1996)) and panel data models (Asea and Blomberg (1998)). 
Following these advances in nonlinear time series analysis, 
Markov switching extension of the augmented Dickey Fuller 
(ADF) test has been developed (see, Hall et al. (1999)). The main 

motivation of this approach is the low power of the standard 
ADF unit root test proposed by Dickey and Fuller (1979) in 
distinguishing between an I(1) and I(0) process when the true 
data generating process of the underlying series has structural 
breaks and embedded nonlinearities. For instance, Perron (1989) 
documents that structural breaks in time series can affect the results 
of the standard tests of the unit root. Perron (1989) suggests that if 
the breaks are known the unit root testing strategy can be extended 
by including dummy variables to account for structural breaks in 
the ADF regression. However, Zivot and Andrews (1992) propose 
a test where the structural break should be estimated endogenously 
instead of treating the break as fixed. However, there could be more 
than one break in the underlying series. Lumsdaine and Papell 
(1997) and Lee and Strazicich (2003) extend the work of Zivot 
and Andrews (1992) by developing unit root tests which allow 
for two endogenous structural breaks in the data. These recent 
studies point out that the identification of the break dates cannot 
be considered as independent of the data, and the standard unit root 
tests which do not take account this fact may yield substantial size 
distortions and tend to over reject the null hypothesis of unit root.

By allowing the ADF regression parameters to switch values 
between different regimes, Markov switching ADF (MSADF) 
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regression does not make any a priori assumption of stationarity 
or nonstationarity of either regime. It is possible for both regimes 
to be locally stationary or one to be locally stationary and the other 
locally nonstationary. What is more, as this model does not require 
the researcher to divide the sample period into different subsamples 
or to predetermine the regime dates, any prior information of the 
number and the location of the breaks is not needed1.

Our interest in this issue is due to the observation that empirical 
evidence on the stationarity properties of Turkish output level 
is contradictory. Several researchers have investigated the 
stationarity properties of Turkish output for various purposes over 
different periods. It can be inferred from this empirical literature 
that the standard unit root tests which does not take account of 
structural breaks and recent tests which can allow one or two 
structural breaks at the most yield different conclusions regarding 
the stationarity of output. The most possible reason behind the 
little consensus in the empirical studies is the presence of regime 
shifts and structural breaks in the output series. For this reason, 
in this study we apply the MSADF unit root test to examine the 
stationarity dynamics of the Turkish output series. The main 
contribution of our study to this literature is to provide fresh 
evidence about the time series properties of the Turkish output 
series by using a regime dependent unit root test.

The remainder of the paper is organized as follows. Section 
2 presents the data, MSADF regression methodology and the 
empirical model. The empirical results are discussed in Section 3 
and Section 4 concludes the paper.

2. DATA AND ECONOMETRIC 
METHODOLOGY

2.1. Data
We carry out our empirical investigation using the log of Turkish 
quarterly real gross domestic product (GDP) index (2010 = 100), 
yt, for the period from 1987:Q1 to 2015:Q2. Data are obtained 
from the International Financial Statistics (IFS) of the International 
Monetary Fund (IMF).

To test for the presence of regime shifts in the output series, we 
implement Hansen (1992; 1996) test. Standard likelihood ratio test 
cannot be used to test the null of linearity against the alternative 
of Markov regime switching model. The reason is that under 

1 Several researchers have used MSADF methodology for different variables 
as real exchange rates (Kanas and Genius, 2005, Kanas, 2006; 2009, 
Holmes, 2008; 2010, Lee and Yoon, 2013), stock prices (Chen, 2008, Shen 
and Holmes, 2014), short-term interest rates (Chua and Suardi, 2007), 
external debt (Takeuchi, 2010), inflation rate (Chen, 2010), current account 
deficits (Chen, 2011), real GDP (Camacho, 2011), unemployment rate 
(Cevik and Dibooglu, 2013), international art market prices (Cevik et al., 
2013).

the null of linearity the parameters of the transition probabilities 
are unidentified as the scores with respect to the parameters of 
interest are equal to zero and the information matrix is singular. 
Thus, we implement the test proposed by Hansen (1992; 1996) 
which overcomes this problem. The results of the Hansen test 
are presented in Table 1. The results show that the Hansen test 
rejects the null of linearity for quarterly output series. As a result 
of this investigation, we implement MSADF unit root test which 
accommodates the presence of regime shifts in the output series, yt.

2.2. Econometric Methodology
Before committing the MSADF unit root test to analyze the 
stationarity property of the Turkish GDP series we first focus on the 
ADF unit root test proposed by Dickey and Fuller (1979) as follows:

∆ ∆y y yt t j t j
j

p

t= + + +− −
=
∑µ λ β ε1

1  (1)

where yt is the log of real GDP, ∆ is the first difference operator, 
µ is the constant term, εt is i.i.d. N (0, σ2) and p is the lag order of 
the model. Here, the unit root test corresponds to testing of the null 
hypothesis of a unit root (H0: λ = 0) against stationarity (H0: λ < 0). 
The nonrejection of the null hypothesis of a unit root implies that 
GDP has a stochastic trend then any shock has a permanent effect 
until the next shock occurs. That is, shocks to the GDP cannot be 
considered as transitory and GDP is likely to exhibit a non-mean 
reverting process.

For the ADF test, the optimal lag length is chosen based on general 
to specific approach to ensure that the residuals of the unit root 
regression are white noise in the ADF test. We find that 4 lags are 
sufficient to render residuals white noise in the ADF test. The ADF 
test statistic is −0.199, which is greater than McKinnon critical 
values, and thus we cannot reject the null hypothesis of a unit root. 
The ADF test results suggest that output series is an I(1) process 
and any shocks to output are persistent and thereby output series 
does not have mean reverting properties. However, the ADF unit 
root test has low power in distinguishing between an I(1) and I(0) 
process when the true data generating process of the underlying 
series has structural breaks and regime shifts.

In this study, observing that the underlying output series embodies 
regime shifts, we investigate the issue of non-stationarity of output 
series by applying the following MSADF regression:

∆ ∆y s s y s y N st t t t t t j
j

p

t t t= ( ) + ( ) + ( ) + ( )( )− −
=
∑µ λ β ε ε σ

1

1

2
0, , ,  

 (2)

where, ∆yt is the first difference of the real GDP. st is the latent 
state variable and it indicates the regime which the economy is 

Table 1: Hansen test results for y
Standardized likelihood ratio 3.589
M=0 [0.007] M=1 [0.010] M=2 [0.012] M=3 [0.018] M=4 [0.042]
P-values in square brackets. The P-values are calculated according to the method described in Hansen (1992), using 10,000 random draws from the relevant limiting Gaussian processes 
and bandwidth parameter M=0, 1,..., 4; see Hansen (1992) for further details
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in at time t. µ(st), λ(st) and β1(st),…, βp(st) are regime dependent 
parameters. εt is the innovation process with a regime dependent 
variance-covariance matrix σ2(st). For the MSADF test, the 
lag length, p, is also chosen based on the general to specific 
approach and 4 lags are found to be sufficient to ensure that 
the residuals of the unit root regression are white noise in the 
ADF test.

Following Hamilton (1989) regime switches are assumed to 
be directed by a first-order, two state Markov process with the 
following fixed transition probabilities2:

P s s p
P s s p
P s s q
P

t t

t t

t t
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MSADF regression methodology allows the variance of the output 
series to switch across regimes following a first-order Markov 
chain. Moreover, the autoregressive parameters in the ADF 
regression are also allowed to change as the regimes shift, and 
hence they are regime dependent. The advantage of this model 
is that no a priori assumption regarding the (non) stationarity of 
either regime is required. More specifically, this model allows both 
regimes to be locally stationary or one to be locally stationary and 
the other locally nonstationary.

MSADF regression in Equation (2) is estimated using the 
maximum likelihood procedure3. In this framework, we test the 
unit root in each regime based on the t-tests of the null hypotheses 
λ1 = 0 and λ2 = 0 against the respective one-sided alternatives λ1 < 0 
and λ2 < 0. However, as the distribution under the null hypothesis is 
unknown in MSADF model, we perform Monte Carlo simulations 
to obtain the P-values of the t-tests of the null hypotheses against 
the respective one-sided alternatives. To do so, in the first step we 
estimate regression (2) under the null λi = 0 for i = 1, 2. Second, 
we generate a sample of size equal to the data series that follows 

2 For instance, if the economy is in the first state in the previous period 
(st-1 = 1), p is the probability of switching to the first state in the present 
period (st = 1).

3 See Hamilton (1994) for details of the estimation procedure.

the estimated data generating process in the first step4. In the third 
step, we fit regression in Equation (2) to each realization of the 
sample and obtain the two t-statistics for the parameter λ, one for 
the first regime and the other for the second regime. We next repeat 
the second step and the third step 10 000 times and store the two 
series of t-statistics. In the final step, we calculate the resulting 
P-values by expressing the percentage of the generated t-ratios 
that are below the t-values from the estimated model under the 
alternative hypothesis (Chua and Suardi, 2007).

3. EMPIRICAL RESULTS

We now focus on the empirical evidence from the maximum 
likelihood estimation of the parameters of the MSADF regression 
described in Equation (2). The upper panel of Table 2 reports the 
estimates of the parameters of the MSADF regression and the 
related standard errors.

∆ ∆y s s y s y N st t t t t t j
j

p

t t t= ( ) + ( ) + ( ) + ( )( )− −
=
∑µ λ β ε ε σ

1

1

2
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The estimates of the transition probabilities p11 and p22 are 0.917 
and 0.780, respectively, which implies the presence of strong 
persistence of both regimes. However, Regime 1 is more persistent 
than Regime 2. In particular, given the transition probabilities, the 
mean duration of Regime 1 and Regime 2 are 12 quarters and 5 
quarters respectively5.

The lower panel of Table 2 presents the simulated t-statistics 
and corresponding simulated P-values. The P-value of the test 
statistic rejects the null of nonstationarity in Regime 1 while the 
P-value of the test statistic fails to reject the null of nonstationarity 
in Regime 2. This result suggests that output series has mean-
reverting properties only in Regime 1. By contrast, the null 
hypothesis of unit root cannot be rejected in Regime 2. That is, 
any shock to output has a permanent effect until the next shock 

4 The estimated transition probabilities in the first step are used while 
generating the artificial data.

5 The average duration of each regime i is calculated using the formula 
1/(1−pii) where pii is the probability of the transition from regime i to 
regime i.

Table 2: Parameter estimates of the MSADF regression
Regime 1 Regime 2

Parameter Estimate Standard error Parameter Estimate Standard error
µ1 0.074 0.019 µ2 0.146 0.074
λ1 −0.031 0.010 λ2 −0.090 0.043
β11 −0.448 0.093 β21 −0.549 0.164
β12 −0.539 0.088 β22 −0.578 0.181
β13 −0.409 0.091 β23 −0.620 0.155
β14 0.375 0.080 β24 0.392 0.198
σ1 0.009 0.001 σ2 0.017 0.003
p11 0.917 0.033 p22 0.780 0.101

MSADF test results
H0: λ1=0 −4.087 H0: λ2=0 −1.649

[0.083] [0.175]
Figures in square brackets are simulated P-values. MSADF: Markov switching augmented Dickey Fuller
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occurs and output series does not have mean-reverting properties 
in Regime 2.

We then plot the estimated smoothed probabilities for Regime 2 
in Figure 1. The shaded areas in Figure 1 are the recession periods 
for Turkey determined by Altug and Bildirici (2010). We see that 
during the sample period being analyzed, the Turkish economy 
experienced six recessionary episodes. When we can compare 
the estimated smoothed probabilities of Regime 2 (nonstationary 
regime) that we infer from the Markov regime switching model 
with the recession dates provided by Altug and Bildirici (2010) we 
observe a match. Put simply, the estimated smoothed probabilities 
of Regime 2 in Figure 1 clearly correspond to the dates of Turkish 
recessions. Hence Regime 2 can be identified as recession regime 
and Regime 1 can be identified as expansion regime. This is an 
interesting finding which implies that Turkish output series are 
mean reverting in the expansion regime but nonstationary in 
the recession regime. Thus, shocks to output series are highly 
persistent in the recession regime while they are transitory and 
they have finite lives in the expansion regime.

4. CONCLUSION

In this paper, we examine the stationarity properties of the Turkish 
output series for the period between 1987:Q1 and 2015:Q2. In 
doing so, we account for the regime shifts in the output series by 
implementing a Markov regime switching unit root test. Given 
the results of the Hansen test which suggests that output series 
exhibits regime shifts, we argue that MSADF regression is more 
appropriate to test the stationarity dynamics of the Turkish output 
level.

Our findings show that the output series has mean reverting 
properties only in Regime 1, while the null hypothesis of unit 
root cannot be rejected in Regime 2. Furthermore, we observe 
a match between the implied dates for Regime 2 that we infer 
from the MSADF regression with the dates of the recessions in 
the Turkish economy. This is an interesting finding and has not 
been shown in the existing empirical literature: Turkish output 
series are mean reverting in the expansion regime (Regime 1) but 

nonstationary in the recession regime (Regime 2). Hence, shocks to 
output series are quite persistent in the recession regime while they 
are transitory and they have finite lives in the expansion regime. 
Although the standard unit root test which does not take account of 
the structural breaks and regime shifts in the output series cannot 
reject the null hypothesis of a unit root, we find a regime-dependent 
nonstationarity in the output level by using MSADF unit root test. 
One should therefore be cautious before using the standard tests 
which do not allow regime shifts when examining and discussing 
the stationarity properties of series which has regime shifts and 
embedded nonlinearities. Moreover, from a policy standpoint, the 
existence of a unit root in the recession regime indicates that any 
shock has a permanent effect in this regime until the next shock 
and thereby to go out of the recession there is a need for a policy 
action in this regime.
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