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SEASONAL UNIT ROOTS IN QUARTERLY TURKISH DATA

Galip ALTINAY (%)

ABSTRACT

In this study, the seasonal unit root test developed by HEGY
(1990) is applied to some quarterly macroeconomic data of Turkey to

find out whether the series is characterized by a deterministic seasonal
pattern or a stochastic seasonal pattern. The test results indicate that
deterministic seasonal pattern is more common than stochastic seasonal
pattern, although there are some seasonal unit roots.

1. Introduction

Whether the macroeconomic time series can be represented by differ-
ence-stationary(DS) or trend -stationary(TS) processes (i.e., whether they
are stationary around a stochastic trend or stationary around a deterministic
trend) has been the central issue in the literature for the last decadel. Partic-
ularly, following the Nelson and Plosser (1982)'s work, many empirical stud-
les have tested for a unit root at the long run. One of the aspects of the eco-
nomic time series when working with quarterly or monthly data involves
seasonality. In general, seasonality is treated as a deterministic phenomenon,
hence it Is either represented by dummy variables, ignoring the possibility of
stochastic seasonality, or as Kunst (1993) states that "seasonality is viewed
as a sort of nuisance to be gotten rid of by adjustment methods". However,
treating seasonality as deterministic while the series have stochastic season-
als may cause misspecification, just as the case with spurious detrending(see
Ghysels, Lee and Siklos (1993), and Ghysels and Perron (1993).

Deterministic seasonality implies that the seasonal pattern remains
constant over time. However, the alternative to this is stochastic seasonality
which allows the seasonal pattern to change and vary. Hylleberg et al. (1993)
provides some examples of the reasons for the change in the seasonal pat-
terns. Stochastic seasonality that allows for changes in the seasonal pattern
IS approximated by a time series model with seasonal unit roots. In addition,
the choice between a process with seasonal unit roots (i. e., a seasonally inte-

grated process) and a process with deterministic seasonality (i. e., a seasonal

dummy representation) depends on the extent to which the seasonal patern
varies and changes (Hylleberg et al., 1993)

Hylleberg, Engle Granger and Yoo (1990) [henceforth HEGY] develops a
test for seasonal unit roots in quarterly data. The HEGY test is designed to de-
tect seasonal unit roots against the alternative of stationary movements

(*) Yrd.Dog¢.Dr. Balikesir Univ. Bandirma |.l.B.F. lktisat Balumd.
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around a deterministic pattern. In this paper , the seasonal unit root tests
propesed by HEGY (1990) will be applied to some quarterly macroeconomic
data of Turkey, to investigate empirically whether the quarterly series have
unit roots at the seasonal frequencies. Recently, Selguk (1993) applied both
classical unit root tests and the Bayesian (Sims) test to some monthly
(seasonally adjusted) Turkish aggregated data to find out whether the series
contain a unit root at zero frequency (long run). Therefore our study can be
considered as an extension of Selguk (1993) in the sense that our test
procedure will detect unit roots at the seasonal frequencies as well as at the
zero frequency, but, of course we shall use unadjusted (raw) data.

The organization of the paper is as follows. In section 2, the concept of
seasonal integration, and seasonal unit root tests developed by HEGY (1990)
‘will be explained. These tests will be applied to the quarterly wholesale price
index (WPI), consumer price index (CPIl), industrial production index (IPl),
money supply (Ml), exports (X), imports (M), trade deficit (X-M) and the $/
TL exchange rate series in section 3. Finally, in section 4 the results of the
test will be discussed briefly.

2. TESTS FOR SEASONAL INTEGRATION

In the absent of seasonality, the standard definition of integration as de-
fined by Engle and Granger (1987) is: "if a series is required to take d-times
differences to make it stationary, the series is said to be integrated of order
d. Seasonal Integration, on the other hand, is defined by Osborn et al. (1988)

as" a non-deterministic series is said to be integrated of order (d, D), if the
series has a stationary, invertible ARMA representation after one-period
differencing d-times and seasonally differencing (D-times". Seasonal
differencing for quarterly series can be illustrated as Xy - X;.4 = AgXy

For a series to be integrated at all frequencies, it should have unit roots
at all seasonal frequencies as well as at the zero (long run) frequency. The

seasonal frequencies quarterly data are 1/2 and 1/4 of a cycle (2n), corre-

sponding to periods of two-quarters (biannual) and four-quarters (annual). A
univariate model that allows for seasonal integration at seasonal frequencies
as well as at the zero frequency can be written as

((1-L%) xy =€, (1)

where L is the lag operator (i.e., L' x, = x,.). The lag polynomium (1-L#) can
be factorized as

L A2 S alida bbbt .4 +12 + 13 )
g G B s i e e X P L
= ( 1- L9909 ) €1 i) g i)
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Thus, (1 - L4) = 0 has four roots: one at the zero frequency (L = 1), one at
the biannual (1/2) frequency (L = -1), and a pair of complex roots at the an-

nual (1/4, 3/4) frequency (L = *1). The HEGY test is based on the auxiliary
regression

Y4t = (1 . L4) =71 Yit-1 + T2 Y2t-1 + T3 Y3t-2 + T4 Y3t-1 + El (2)
where _
yir= (1+L+L°+L°) x yat = -( 1-L%) x
yar=-(1-L+1%-L°) x yar=(1-1%) x

In (2), the fransformed series Y4, preserves a unit root at the zero frequency
and remove the seasonal unit roots, y,, preserves a unit root at the biannual
(1/2) frequency and removes the unit roots at the other frequencies, and Ya4

preserves complex conjugate roots at the annual -four quarter- (1/4 and 3/
4) frequencies and removes the roots at the other frequencies.

The test procedure Is as follows. To test the null hypothesis of m, = 0O
(and m, = 0) against the alternative =, < 0 (and n, < 0) the t-ratios of the cor-
responding parameters are compared to the critical values tabulated by Fuller
(1976), The test for unit roots at the frequencies 1/4 and 3/4 are based on
an "F" test on n, N n, = 0 against the alternative n3 U n, # 0. However the
critical values are those tabulated by HEGY (1990), since under the null, F -
statistic has a nonstandard distribution. In addition, conditional on my =0, at
test of m,, that is a test for a unit root at frequency 1/4, can be performed
but in this case the critical values are those tabulated by Dickey, Hasza and
Fuller (1984). '

Equation (2) can be augmented by the lagged values of y,, to whiten the
residuals, as Is the case with the Dickey-Fuller unit root tests. The distribu-
tion of the test statistic i1s not affected by the augmentation. However, as
Engle, Granger, Hylleberg and Lee (hereafter, EGHL) (1993) states that "the
power and the size of the test may depend critically on the 'right' augmenta-
tion being used". In addition, equation (2) can be extended by including deter-
ministic components such as an intercept, a trend, and seasonal dummies, but

tnese change the distribution of the test statistic. HEGY (1 990)# provides the
critical values for each case.

3. DATA AND TESTING PROCEDURE

The quarterly data were obtained either from the "Bulletins" of the
Central Bank of Turkey, or from the "data-base" of the Central Bank provided

on the internet. The beginning date of 1981. 1 is especially chosen to repre-
sent the policy shift towards liberalization. The base years of the indexes are

shown on the corresponding tables below. All the series were, first, trans-
formed to natural logarithms, then each series were transformed to y;,'s
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(=1,2,3,4) in order to remove unit roots at the frequencies other than the
one we are Interested in. Then the transformed series are used in the estima-
tion of the auxiliary regression of (2). To determine the lag length (the order
of augmentation) of the dependent variable, first we started with a maximum
lag length of 4, then we dropped the terms that are below 10% significance
level. By keeping only the statistically significant lags (if there is any), we
reestimated equation (2). This kind of approach that allows gaps (holes) in the
lag distribution is adopted by EGHL (1993) with the rationale for "whitening
the residuals at the cost of minimum number of parameters". In other words,
this approach trades off the loss of power that results from Including unne-

cessary lags against the bias that results from excluding necessary lags
(Beaulieu and Miron, 1993).

Equation (2) is estimated for four different combination of deterministic
components such as an intercept, seasonal dummy variables and a trend, for

each regression. The lag order of each regression is determined by the ap-
proach outlined above.

Ihe empirical results of the HEGY test can be interpreted as follows.
For the log of wholesale price index (Table 1), consumer price index (Table
2), Industrial production index (Table 3), exchange rate (Table 4), exports
(Table 5), trade deficit (Table 7) and M1 (Table 8) series, a unit root at zero
frequency cannot be rejected (i.e., they are all integrated at the long run).
However, the log of imports series (Table 6) seems to have a trend-
stationary process rather than an integrated process, since inclusion of a
trend In the model makes the imports series stationary at long run.

In case of seasonal unit roots, only the log of exchange rate series con-
tains a unit root at the annual (1/4, 3/4) frequency based on an F-test. The
log of WPI, CPI¢ and (X-M) series do not have any seasonal unit roots at any
seasonal frequency at all. The rest of the series have seasonal unit roots, but
it seems that a seasonal deterministic pattern is more likely rather than a
changing and varying seasonal (i.e., a stochastic seasonal) pattern, because
seasonal unit roots are rejected when seasonal dummies are included. where-

as seasonal unit roots cannot be rejected when the seasonal dummies are ex-
cluded®, -

4. CONSLUSION

In this study, the seasonal unit root test developed by HEGY (1990) iIs
applied to some quarterly macroeconomic time series of Turkish economy to
investigate whether the series contain a seasonal unit root (i.e., whether the
series has a changing and varying seasonal pattern). This kind of information
would be useful in proper specification of the modelling of economic time ser-
les. Particulary, when a cointegration relationship between variables are de-
tected, knowing that the series contain seasonal unit roots will be important
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for the specification of the cointegrating regression. |f the cointegrating rela-
tionship is thought to be a long-run relation while the series contain seasonal

unit roots, then the cointegrating regression will yield inconsistent estimates
(see HEGY (1990) and EGHL (1993)). '

The empirical results in this study indicate that some of the macroeco-
nomic time series of Turkish economy, do have a seasonal pattern, but this
pattern is more likely to be a deterministic one, despite seasonal unit roots
found at seasonal frequencies. The strongest evidence for a seasonal unit root
Is found In the exchange rate series in which there is a seasonal unit root at
the annual frequency. These findings may be contrary to those of Hylleberg et
al. (1993) who found that changing and varying seasonal pattern is a common
phenomenon among many macroeconomic data for several countries.

Since quarterly aggregate macroeconomic data, such as GNP, consump-
tion, Investment, etc., prior to 1987 are not available for Turkey, we were
unable to test them, since the HEGY test requires at least 50 or more obser-

vations. A further study would investigate seasonal unit roots in monthly
Turkish data.

Table 1. Test for seasonal unit roots in the log of WPI
(1981=100), 1981.1 - 1995.1

t-values F-values

Deterministic

Part® Augmentation 4 o T T4 Ta O Ty
- g - B:01* -3.68 -4.40 90 27.40
R - $.893" 3.72 -4.51 90y 28.47
LA - 0.51" -4.23 -3.91 o.19 18.89
| - 2.36 -4.36 -4.05 -9.2¢4 19.69

(") indicates that a unit root cannot be rejected at a 5 per cent significance level.
(a) |=intercept, S= seasonal dummies, T=trend.

Table 2. Test for seasonal unit roots in the log of CPl (1978-1979=100),
1981.1 - 1995.1

t-values F-values
Deterministic
Part® Augmentation T4 o BT o Ta O Ty
S| - -0:30" -3pE37. -4.90 - 346 26.13
LS - 229 ~8:f4- -4.90: 319 26.40
T 5 ] - D01 =390 428 28 18.30
| - <371 -~3.91  -4.38 288 18.67

(") indicates that a unit root cannot be rejected at a 5 per cent significance level
(a) | =intercept, S = seasonal dummies, T = trend.
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Table 3. Test for seassonal unit roots in the log of IPl (1984=100), 1981.1-

1994.3
Deterministic 't' values 'F'values
partd Augmentation ntl 2 73 74 3 N 14
1. &t - -2.35" -3.38" -4.89 -2.50 19.57
L S - -1.02% - +-3:12" -4.36 -2.40 16.25
.24 '
|, T «0.89%.-+1:00%-:-0.36" -0.02 .07
1.4

| D A3 Dl 014 02 . 0272

(") Indicates that a unit root cannot be rejected at a 5 per cent significance level.
(a) | = intercept, S = seasonal dummies, T = trend.

Table 4. Test for seasonal unit roots in the log of Exchange Rate ($/TL),
1981.1-1994 4

't' values - 'F' values
Deterministic Augmentation nl 2 n3 4 3 N 4
Partd .
,S, T 4 1.22° 3.958 2. 90 1 &8 4.63"
,S . 1.61" -3.17 2.80 & U8 9.90
T - 1.53* -4.17 238" b 18 3.16

| x 387 . 2304 208 =} B .99

(") Indicates that a unit root cannot be rejected at a 5 per cent significance level.
(a) | =intercept,S =seasonal dummies, T=trend

Table 5. Test for sesonal unit roots in the log of Exports (in U.S.$),
1981.1- 1995.1 '

: -t- values . F- values
Deterministic
Partd Augmentation =l 2 n3 4 3 N 74
.8k - 9 771" =327 »3. 9% B Y .29
1S 4 .0.ER* -2.74* 286 4 12.25
15 1,4 .Ai0ar L5 -1:42" 0. D 1.29*
| 1,4 D78 -1 48 -1.25" -1.028 1.30°
() Indicates that a unit root cannot be rejected at a 5 per cent significance level.
(a) | = Intercept, S = seasonal dummies, T= trend.
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Table 6 Test for seasonal unit roots in roots in the log

of Imports (in

U.S$) 1981.1 -1995. 1
t - values

Deterministic '

parta Augmentation ml n2 T3
135 1 4 388 487 416
B | 073"  ais -2.65
k3 1 398 - -1.80° -1 88
| 1 0.01's=560" -0.80"

(
(

a) | = intercept, S = seasonal dummies ,T< trend.

4

-3.48
-4.04
-1.12
-1.93

- values

3N 4

ee. 17
15.79
&.99
0 o R

") Indicates that a unit root cannot be rejected at a 5 per cent signifi cance level

Table 7. Test for seasonal unit roots in the log of Trade Deficit, (X-M)

1981.1 - 1995 .
t- values
Deterministic
parta Augmentation w1 n2 2% <

b5l - -2.83" -4.09 -3.89
, S - -2.42° -3.94" ' -3 52
il - -2.74" -4.21 -3.82
L - -2.13" 408 ~ -353

14

-2.34
-2.37
-2.34
-2.40

F -values

3 N 14

12.90
11.32
12.90

1117

(") Indicates that a unit root cannot be rejected at a 5 per cent significance level.

(a) | = intercept , S = seasonal dummies, T =trend.

Table .8 Test for seasonal unit roots in the log of M1 1981. 1 -1995.2

t-values
Deterministic
Parta - Augmentation ml 5 3
e : -0.84" -3.800 - 400
| .O - 3.00* -3.79 400
i 1.4 3 s B B *1.99 -2.a%
-3.45" B e g

| 1.4

|-

14

-0.33
-0.43
0.80

0.76

values

3 N 14

8.39
8.40
< 93
gl

(") Indicates that a unit root cannot be rejected at a 5Sper cent significance level.

(a) | = intercept, S = seasonal dummies, T= trend.
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OZET

Bu ¢alismada, HEGY (1990) tarafindan gelistirilen mevsimsel birim kok
testi, Turkiye ekonomisine ait bazi makroekonomik zaman serilerine uygulana-
rak Ucger aylik (quarterly) verilerin deterministik mevsimsel hareketle mi?
yoksa stokastik mevsimsel hareketle mi? daha iyi temsil edilebilecegi
aragtirtimigtir. Test sonuglar sdézkonusu serilerin daha ¢ok deterministik
mevsimsel bileseni i¢erdigi yonindedir.

NOTES

1.An alternative specification between DS and TS processes is the segmented
trend (. e. , a trend having one or more breaks) specification. Some eco-
nometricians claim that some of the aggregate data may be better repre-

sented by the segmented trends (see Rappaport and Reichlin (1989), Per-
ron (1989) and Simkins (1994).

2.1The WPI (1963=100) and Istanbul cost of living index (1963= 100) series

that cover the period from 1964.1 to 1988.1 were also checked for sea-
sonal unit roots. However, the same results were obtained.

3.0ne exception is the log of X series in which a seasonal unit root at the bi-
annual (1/2) frequency cannot be rejected. However, the graphs of the
transformed Yoy series for exports exhibit a deterministic movement.
Hylleberg et al. (1993) advocates the use of graphs of Y o4 and Y series

to ensure that the series has a stochastic seasonal pattern, in addition to

the HEGY test. We have also used the level of exports, imports and trade

deficit, instead of the log of exports, etc. In the HEGY test. The results of
the HEGY test for exports favored the deterministic pattern. The results

for imports and trade deficit were the same as those with log levels.

REFERENCES

Beaulieu, J. J. and Miron, J. A. (1993), "Seasonal Unit Roots in Aggregate
U.S, Data" , Journal of Econometrics, 55, pp. 305- 328.

Dickey, D.A., Hazsa, D.P. and Fuller, W. A. (1984), "Testing for Unit Roots in

Seasonal Time Series ", Journal of the American Statistical As-
sociation, /9(386), pp. 355-367

Engle, R.F. and Granger, C.W.J. (1987), "Co -integration and Error Correc-

tion: Representation, Estimation, and Testing", Econometrica, 55
(2), Pp.251- 276.

-200-



Galip Altinay

Engle, R.F.Granger, C. W. J. , Hylleberg, S., Lee, H.S. (1993), "Seasonal Co-
integration:The Japanese Consumption Function”, Journal of Econo-

metrics, 55, pp. 275- 298.

Fuller, W. A. (1976), Introduction to Statistical Time Series, John Wiley,
New york.

Gyhsels, E., Lee, H.S., Siklos, P*.L.(1 993), "On the (Mis), Specification of
Seasonality and its Consequences: An Empirical Investigation with U.

S. data", Empirical Economics, 18, pp. 747- /60.

Ghysels, E. and perron, P. (1993), "The effect of Seasonal adjustment Filters
on Tests for Unit Roots'", Journal of Econometrics, 55, (1/2),

pp.57-98.

Hylleberg, S. Engle, R. F., Granger,C. W. J.,Yoo, B.S.(1990),"Seasonal Inte-
gration and Cointegration"”, Journal of Econometrics, 44, pp. 215-

238.
Heylleberg S., Jorgensen,C. and Sorensen, N.K. (1993),"Seasonality in Ma-

croeconomic Time Series ",
335.

Empirical Economics, 18, pp. 321-

Kunst, R. M. (1993),"Seasonal Cointegration, Common Seasonals, and Fore-
cating Seasonal Series ", Empirical Economics, 18,pp. 761- 776

Nelson, C. R. and Plosser, C.l. (1982), "Trends and Random Walks in Macroec-
Journal of Monetary Economics, 10, pp.

onomic Time Series',
139-162.

Osborn, D. r., Chui, A. P. L., Smith, J. P. and Birchenhall, C.R.(1988),
"Seasonalityand the Order of Integration for onsumption”, Oxford
Bulletin of Economics and Statistics, 50, pp. 361-3/8.

Perron, P. (1989), "The Great Crash, the Oil Shock and the Unit Root Hypoth-
esis'", Econometrica, 57(6), pp. 1361- 1401.

Rappaport, P. and Reichlin , L. (1989), "Segmented Trend and Nonstationary
Time series ", Economic Journal, 99, pp.168-1//.

Selguk, F. (1993), "Testing for Unit Roots: Bayesian Approach versus Classi-
cal Tests :An Application to the Turkish Economy"”, METU Studies in

Development, 20(3), pp. 357- 379.

Simkins, S.P. (1994), "Business Cycles, Trends, and Random Walks in Macro-
economic Time Series". Southern Economic Journal, 60(4), pp.

977-988.
-201 -



I . g .
T s
Ly w Wl
A o ey
p..;:'ﬂ}lﬂ _'I;

-
-

3 L i of i

al - ;

-'.',,_'I:‘H‘-‘h f— i{ -ﬂ ..t &

y e - 5
e e

..-ai'T"'l."-."'r 1* . * \
=

S
W

A

_-:. ]

A

I
= YT AR

-

= -
—— p— - H
e Y3 e
§ 1 I s B
Bl |
' P Rl

= A
- =5 o
gl E
-

ey _;.."’—.:-..'I

§ =
iy gl sl b g -
LR

“"_:]"_- l."-'.
- e . ™ = ¥ - =
o e e S e e

el g L -t
e = - 4 b

- T

T m
e | = |

& o,
..—F!:- '::,. ; I".-'“:'."-
- -

ey
-
-

-
e

o e i T AL
Ty L T et
-Ii:.-{t#'-‘H-.- .l?f:.'.h..rﬂl‘l.: -
o

R

Taes® -
S

A
e L o ¥
e ; I~| e - ’ ‘#ﬂ‘ i "‘

i

54 =
v Al
-

. '-l"'."‘lr—"-r'

-
[ 2 I
o et

™
= e

I _— o
LU T e i
y ) e e

e
{ ]
L L =

B e

. e
. -ul--il-‘.r“"

- S

g Ty

| -

—' :

"
|

-I..r ."I.I"| =
L :' s r.""'l-r

.'_ r-..-r-r'\.-_-t_.;rt :":-' s, _.;'1
B’:‘L P L2 e e
Ry A e
e e [ TSN,
- -:.g'-_'-_- ‘T-."-‘ *-.'-_T

T
v

e

] '.-" — i

pul k. --I"il llTﬁ-u—

¥ bt
- O L




