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Abstract

Perron (1989) investigated the effects of an exogenous change in either the level or
growth rate of a series and found that the Augmented Dickey-Fuller unit root test,
allowing for such a change under the alternative hypothesis, yielded a markedly more
skewed test statistic. This paper looks at the effects on the HEGY tests of an
exogenous change in the level or seasonal pattern of a series. The distribution of the
test statistics associated with the HEGY test are more skewed. Applying these
findings to Colombian money supply and GDP series as well as UK transportation
expenditure, initial results suggesting the need for a unit and seasonal root are over-
turned.

Keywords: HEGY tests, unit roots, seasonal unit roots, structural break

Contact Address:

Jeremy Smith

Department of Economics
University of Warwick

Coventry

CV4 7AL

E-mail: ecrbl@csv.warwick.ac.uk

The second author would like to thank the Fundacién para el Futuro de Colombia -
Colfuturo as well as the British Council for their financial assistance.



1. Introduction

Since Perron (1989), researchers have been particularly cautious about interpreting the
results of unit root tests in the presence of apparent exogenous change in either the level or
growth rate of a series. The presence of such “breaks” greatly reduces the power of the
Augmented Dickey-Fuller (ADF) test to reject the null hypothesis of a unit root against the
alternative of trend stationarity, if these “breaks” are not modelled. Using the model

Y, =pn, +(,-u)DU, +Pt+e,, t=1...,T D

where €, ~ N(0,6%), Perron (1989) plotted the cumulative distribution of Y from the
estimated equation

Y, =a+YY,, +n,, 2)

and showed that for p;=0.0, B=1.0 and p, > 2.0, ¥ is substantially biased towards unity.

Using these results Perron (1989) found that, whereas Nelson and Plosser (1982) were not
able to reject the null hypothesis of a unit root for 13 out of 14 US annual series, he rejected
the null hypothesis for 10 out of 13 series' when allowing for a “break” in 1929.%

In this paper we use a similar approach to that of Perron (1989) to investigate the
behaviour of the test of Hylleberg et. al. (1989) (HEGY) for both unit and seasonal unit roots,
in the presence of an exogenous change in the level or seasonal pattern of the data. The
evidence suggests that both unit root and seasonal root tests can be severely biased be these
changes. New critical values for the HEGY tests are presented allowing a change in either the
level and/or the seasonal pattern of the underlying series. Franses and McAleer (1994)
address the issue of whether a change in the seasonal pattern of a series can affect the order of
integration of that series. In particular, using Austrian GNP data they demonstrate that, a
series which appears to be periodically integrated (see Osborn (1988)) is actually best
described as an I(1) series with a change in the seasonal pattern.

The HEGY test is then applied to Colombian money supply and GDP data, both of
which exhibit evidence of a break in the seasonal pattern, in order to calculate the order of
integration of these two series allowing for a change in the seasonal pattern. Finally this

procedure is used to determined the order of integration of real UK transportation expenditure

! Unemployment was not investigated by Perron as this series was found to be I(0).
? Perron’s findings have been subsequently over-turned by Zivot and Andrews (1992) and more recently by
Nunes et al. (1994).



data, bearing in mind the change in date for new car registration from January to August in
1977.

The outline of the paper is as follows. Section 2 looks at the behaviour of the HEGY
test in the presence of breaks in both the overall mean and seasonal mean of trend stationary
series. Section 3 applies these procedures to Colombian money supply and GDP data as well
as UK transportation expenditure data and we determine the order of integration of these

series. Finally, Section 4 presents some concluding remarks.

2. HEGY Tests
The HEGY tests, tests for the existence of both a unit root as well as a seasonal root in

a series Y, by estimating the equation (3)

zt =75117u_1 +1C2172,_1 +753i;3z—2 +n4j};t~1 tv, = 5,...T,3 (3)
where

:t=~;+’:—1+‘:—2+’:—3

~2: '"_‘: + “;—1 - 7—2 + ':—3

~3t = —': + ‘:—2

Zt = ':_ﬁ—4

Y,=0+Y38,D,+pt+¥, t=12,.,T. @)

The methodology suggested by HEGY is to test for the existence of a unit root, by
testing Ho: 7t; = O against the one-sided alternative H;: 7t; < 0. To test for the existence of a
seasonal unit root HEGY (p.) note that “there will be no seasonal unit roots if 7, and either 73
or T, are different from zero”. Consequently, they recommend testing Hy: 7, = O against the
one-sided alternative Hy: m; < 0 and simultaneously testing the joint hypothesis Hy: 73, T4 = 0
against the alternative Hy: 73 < 0, 74 # 0. A null hypothesis of a seasonal unit root is only

rejected when, both the t-test for 7, and the joint F-test for 73 and m4 are rejected.

? The analysis is limited to a study of quarterly data.



Using this suggested methodology, we present power probabilities of the HEGY test
to reject both a unit root and a seasonal root, when the underlying Data Generating Process
(DGP) is an AutoRegressive (AR) model, of the form
4

Yt=2u’i+alyz—1+£t . )
i=1

The auxiliary regression (4) used to construct f’t in equation (3) is heavily over-parameterised

by the inclusion of an intercept, seasonal dummies and trend.

The results are presented in Table 1 for the sample sizes considered by HEGY (T =
48, 100, 136, 200) and a range of values of o < 1.0 For o = 1.0, and T = 200, the empirical
size probabilities approach their theoretical p-values for the test of a unit root. However, the
power of this test to reject the unit root null hypothesis when 1.0 > o > 0.9 is considerably
less than that associated with the simple Dickey-Fuller test see, for example, Dickey and
Fuller (1981). The power of this model to reject the null hypothesis of a seasonal unit root is
always high and approaches 100% for T > 100.

Table 2 reports power probabilities when the underlying DGP is a Seasonal AR (SAR)

model of the form

Y,=z4:’u,.+oc4Y,_4+8,. (6)
Using the auxiliary regression (4), for o = 1.0 and T — oo, the empirical size probabilities
again approach the theoretical p-values for the unit root null hypothesis. However, for the test
of a seasonal unit root the empirical size probabilities are always too small, compared with
their theoretical p-values, even as T — oo, Implying that the rule for rejecting the null
hypothesis of a seasonal unit root, when both null hypotheses Hy: 1, > 0 and Hy: 73, 704 = 0 are
jointly rejected, is too stringent a hypothesis to impose. For o0 < 1.0 power of the seasonal
unit root is quite small, which is to be expected as the size probabilities are too small. The
unit root null hypothesis is rejected far less than when the DGP was a simple AR model (see
Table 1).

Perron (1989) investigated the performance of the Augmented Dickey-Fuller (ADF)
test, when there was an exogenous change in the level or growth of a trend stationary process,

at some point Tg. Following a similar approach, Table 3 reports the number of times the null

* All simulations are based upon 10,000 replications.



hypothesis of a unit root and a seasonal unit root is by the HEGY test rejected when the DGP

is of the form

4 4
j=1 j=1

t

{OiftST/Z

1ift>T/2° ™

Consider firstly the case when §; = 1; = 0.0 Vj, p = 1.0 and Y =M2=0.0, 1.0, 2.0, 5.0, 10.0 Vj
(this corresponds to case A in Perron (1989), that is, a change in the level of a series). The
results confirm the finding of Perron (1989) (see Figure 4, p.1369), that as the “break”
becomes increasingly large, so the ability of a unit root test to distinguish between stationarity
and nonstationarity declines. As T — o, for a given value of , (# 0), so the power of the unit
root test to correctly reject the nonstationary null hypothesis increases. The power of the
seasonal unit root to reject the null hypothesis is approximately 100% for T > 100. This result
is unsurprising as a change in the level of the process will not affect the spectrum of the series
at the seasonal frequency.

Figure 1 plots the power probabilities at the 5% significance level for T = 100, for the
unit root test, when the break point (Tg) varies over the sample from Tg =1, ...T-1, for a
variety of values for [,. The figure shows that the power probabilities follow a symmetric but
flat W-shaped function with minima at Tg = T/4, 3T/4, and power increasing quickly at the
extreme points, that is for 90 < Ty < 10.

Table 4a reports the case when there is a change in the seasonal pattern of the series,
that is, in equation (7) , & =p; =0.0 Vj, B = 1.0, ¥,=0.0,j =1, 2, and -y3 =y, = 0.0, 1.0, 2.0,
5.0, 10.0. The test of a unit root is unaffected as there is no actual change in the level of the
series. However, the change in the seasonal pattern affects the spectrum at the seasonal
frequency, and this adversely affects power performance of the HEGY test for a seasonal unit
root, for example, for T = 100 and y4 = 5.0, power is 0.0% at the 5% significance level,
compared with approximately 100% when there is no change in the seasonal pattern. Again
increasing T, for a given size of break increases the power of the test.

Figure 2 reports the power probabilities at the 5% significance level for T = 100, for
the seasonal unit root hypothesis, for all values of Ty and a range of values for Y. In contrast
to Figure 1, the power function is a symmetric flat U-shaped curve with a minimum at Ty =
T/2, and power only increasing at the end points, that is, 80 < Ty < 20.

Table 4b reports the case when both the level and seasonal pattern of a series change,

that is, §; = Kj=0.0Vj,B=10,v=00,j=1,2,3,and v, = 0.0, 1.0, 2.0, 5.0, 10.0 in equation



(7). For both the unit root and seasonal unit root tests power falls as the size of the break
increases. The power of the seasonal unit root tests to correctly reject the null hypothesis is
slightly higher than in Table 4a. Directly comparison of Table 3 with Table 4b is not possible
because in Table 4b the change in the level of the series is y4/4. Setting Y4« = 4.0, 8.0, the
power of unit root test to reject the null hypothesis at the 5% significance level for T = 100, is
75.95% and 12.95%, respectively (compared with 94.19% and 56.14% for i, = 1.0, 2.0 in
Table 3).

Finally, Table 5 reports the power probabilities when the exogenous growth of the
process changes at T/2. This corresponds to the case when the DGP is

0 ift<T/2

t—-T/2ift>T/2 ®)

4
Y,=38,D,+P,t+(B,-B,)DT, +e,, DT, ={
j=1

The unit root test is severely adversely affected, with power falling to zero for B, < 0.975. As
a change in the trend does not affect the spectral density at the seasonal frequencies the

seasonal unit roots tests have high power for T > 100, irrespective of the value for f,.

2.1 HEGY Test and Structural Break

In this section, we present new critical values for the HEGY test given a change in the
level or change in the seasonal pattern of a series. As a point of comparison with the existing
critical values, Table 6 reports the critical values for m;, T, 73, 74, and the joint F-test at the
1%, 2.5%, 5%, 10%, 90%, 95%, 97.5% and 99% significance levels when T = 1000.°

Three different cases are considered. Table 7 presents the critical values of the HEGY
tests when there is an assumed change in the level of the process and there are no
deterministic seasonal dummies included in the auxiliary regression (4). This case is similar
to Perron’s (1989) Case A. The critical values are sensitive to the position of the break and
are presented for a range of known alternative break points, which are assumed to be some
proportion, A, of the sample size, T. The critical values in Table 9 are comparable with those
in the third block in Table 6 (Intercept, No Seas. Dum. and Trend). Only those critical values
corresponding to 7; have changed to any substantive extent, this result is surprising as it has

already been noted that a change in the level of a series does not affect the spectral density at

5 This sample size is used because, following Perron (1989), we calculate the critical values of the HEGY tests
allowing for a structural break using T = 1000. In this paper, the critical values in Tables 9, 10, and 11 are
constructed using the regression method, rather than using finite sample representation of Weiner processes as is
done by Perron (1989).



seasonal frequencies and therefore will not affect the critical values for tests of a seasonal unit
root. When there is a change in the level of the process, and seasonal dummy variable are
included in the auxiliary regression equation (4), the critical values for 7; are almost identical
to those reported in Table 7. The critical values for the seasonal unit root tests (T, 73, T4 and
the F statistic) are unaffected by a break in the mean of the process and are therefore almost
identical to those in the final block of Table 6 (Intercept, Seas. Dum. and Trend).

Finally, Table 8 reports the critical values, when there is an assumed change in the
seasonal pattern and level of the data and seasonal dummies are included in the auxiliary
regression equation (4). The critical values in Table 8 should again be compared to those in
the last block of Table 6 (Intercept, Seas. Dum. and Trend). The critical values for both the
unit root test (7;) and the seasonal unit root tests (1, and m3) have become substantially more
leftward skewed compared with those when no change is permitted (Table 6), and there has

been a marked increase in the critical values of the F-statistic.

3. Empirical Application

Figure 3 presents plots of seasonally unadjusted quarterly observations of the log of
Colombian money supply, In(MS), between 1970 and 19925, It can be seen from the figure
that the series exhibits an upward trend as well as a seasonal pattern, consisting of peaks
during the fourth quarter; moreover, it is also possible to notice that after 1979.4 these peaks
tend to be more pronounced, suggesting a change in the seasonal pattern of the series.
According to Montenegro et al (1987), this change in the seasonal pattern of the series obeys
to the fact that since the early eighties, the higher demand for currency, at the end of the year,
is being satisfied by some of the components of the monetary base, instead of by a reduction
in demand deposits. This change can be seen more clearly in Figure 4, which plots Aln(MS)
between 1970 and 1992.

As a second illustration, Figure 5 exhibits plots of seasonally unadjusted quarterly
observations of the log of Colombian GDP, In(GDP), between 1975 and 1992. This series
corresponds to that constructed by the Departamento Nacional de Planeacién, based on the

aggregation of the different expenditure components (i.e. private and public consumption,

SThe source of this series is Banco de la Repiblica (1993).



investment, exports and imports)’. From the figure it can be seen that the GDP series exhibits
an upward trend with a seasonal pattern consisting of peaks during the fourth quarter;
furthermore, a closer inspection of the series also allows us to notice that after 1985.4 a peak
in the second quarter is also present. Unfortunately, it is not possible to provide an
explanation for such change in the seasonal pattern; therefore, we suggest that it may be due
to a change in the seasonal pattern of one or some of the series involved in the construction of
the GDP series. Again to emphasise the changing seasonal pattern Figure 6 plots Aln(GDP).

In the UK car registration moved from being January to August in 1977. This change
necessarily shifted a portion of the demand for vehicles from quarter 1 to quarter 3. This
change can be seen in Figures 7 and 8 which plot, from 1963 to 1994, the log of UK real
expenditure for transportation, In(Car) and its first difference, Aln(Cars).®

Table 9 presents the results from running a standard HEGY test where the auxiliary
regression includes an intercept, seasonal dummies and a trend for all series. An augmented
version of the simply HEGY test (equation (3)) is estimated with 2 extra lagged terms
included for money supply, 2 extra terms included for GDP and 5 for UK transportation

expenditure (the terms are of the form Y,,_,..., 74,_1,). These lags are included to ensure the

resultant regression did not exhibit any residual serial correlation or heteroscedasticity.” Using
critical values corresponding to T = 100, none of the three series (In(GDP), In(MS), In(Car))
rejects the hypothesis of either a unit root or a seasonal unit root at the 5% significance level,
although In(Cars) rejects the unit root hypothesis at the 10% significance level. Consequently,
all series are believed to be I(1,1), where the first number reflects the order of integration at
frequency zero, and the second number the order of integration at the seasonal frequency.

Allowing for a change in the seasonal pattern, define a change variable for GDP,
money supply and car expenditure as:

0if t <1985.4 0if t <1979.4 0if t <1976.4
DUGDP, =1  ° , DUMS, ={ ° , DUCAR, ={ ° .
1if +>1986.1 1if £>1980.1 Lif 219771

Interacting these dummy variables with the seasonal dummy variables, 17; is obtained as the

residuals from the auxiliary equation (4), with the addition the 4 interaction dummy variables.

See Cubillos and Valderrama (1993) for a presentation of the methodology. The source of this series is Cubillos
and Valderrama (1993) for the period 1980-1992, and worksheets of the Unidad de Andlisis Macroeconémico at
the Departamento Nacional de Planeacién for the period 1975-1979.

8 CSO series CCBJ; Monthly Digest of Statistics.

® For UK transportation expenditure the serial correlation test was only passed at the 4% significance level and
the inclusion of extra lags did not improve this test statistic.



Applying the HEGY test to f’t , yields the results presented in the bottom half of Table 9.

Comparing the test statistics reported in this table with the critical values in Table 8, the
results now suggest that In(GDP), In(MS), and In(Cars) are 1(1,0) at both the 5% and 10%

significance levels.

Table 9: HEGY Tests for In(MS), In(GDP) and In(Car)

Break Period A p Variable ™ Y93 3 T4 F-test
No Break 0.0 2 In(MS) -1.723 -0.882 -2.171 -2.845 6.861
No Break 0.0 2 In(GDP) -2.305 -2.193 -2.696 -1.060 4.366
No Break 0.0 5 In(Car) -3.443 -1.071 -3.033 -0.367 4.665

1979.4 0.43 0 In(MS) -1.821 -3.781 -5.415 -5.648 47.97
1985.4 0.61 0 In(GDP) -2.250 -4.050 -6.683 -2.545 32.09
1977.1 0.44 0 In(Car) -2.523 -7.334 -5.221 -2.800 19.93

4. Concluding Remarks
This paper has shown that the HEGY tests for both unit roots and seasonal unit roots

can be adversely affected by a change in either the level or seasonal pattern of a series. The
unit root test is affected by a change in the level, although not by a change in the seasonal
pattern of a series. In contrast, the seasonal root test is affected by a change in the seasonal
pattern and remains unaffected by a change in the level of the process.

The position of the “break” can have a substantial effect on the power of the test
statistic. For the seasonal unit root test a change in the seasonal pattern yields a U-shaped
power curve with a minimum at T/2, whereas for the unit root test a change in the level yields
a W-shaped power curve, with minima at T/3 and 2T/3.

Critical values for the HEGY test in the face of an exogenous change in the level
and/or seasonal pattern are presented. Using these new critical values the Colombian money
supply and GDP series, as well as the UK transportation expenditure series, all of which
appear to be I(1,1) when no account is taken of the change in the seasonal pattern, are shown

to be better I(1,0), if a change in the seasonal pattern is allowed.




Table 1

Power of HEGY Test: DGP is an AR(1)

Pr{Reject Unit Root] Pr[Reject Seasonal Unit Root]
T p 1% 2.5% 5% 10% 1% 2.5% 5% 10%
1.00 0.30 0.85 1.86 443 41.60 63.65 8046 92.83
48 0.95 0.26 0.93 2.20 5.15 40.01 63.57 8044 92.09
0.90 0.42 1.42 3.23 7.06 39.88 6247 79.99 92.32
0.80 0.94 2.59 5.61 11.66 | 3880 6149 7873 91.59
1.00 0.55 1.52 3.49 7.31 99.86 100.00 100.00 100.00
100 0.95 1.26 2.90 5.81 12.06 | 99.90 99.99 100.00 100.00
0.90 2.75 6.20 11.76  22.08 | 99.86 9999 100.00 100.00
0.80 9.91 19.35 31.65 5047 | 99.88 99.99 100.00 100.00
1.00 0.48 1.48 3.56 7.57 | 100.00 100.00 100.00 100.00
136 0..95 1.29 3.68 7.92 16.23 | 100.00 100.00 100.00 100.00
0.90 3.93 1040 1936 3398 | 100.00 100.00 100.00 100.00
0.80 23.13  41.89 59.16 77.17 | 100.00 100.00 100.00 100.00
1.00 0.89 2.12 4.23 8.85 | 100.00 100.00 100.00 100.00
200 0.95 3.15 7.90 1425  26.16 | 100.00 100.00 100.00 100.00
0.90 1543 2934 4351 6340 | 100.00 100.00 100.00 100.00
0.80 67.01 8351 9234 97.89 | 100.00 100.00 100.00 100.00
Table 2
Power of HEGY Test: DGP is a SAR(1)
Pr{Reject Unit Root] Pr[Reject Seasonal Unit Root]
T P4 1% 2.5% 5% 10% 1% 2.5% 5% 10%
1.00 0.20 0.55 1.49 3.66 0.01 0.07 0.19 0.79
48 0.95 0.27 0.71 1.67 4.18 0.03 0.14 0.36 1.05
0.90 0.21 0.71 1.72 4.10 0.01 0.09 0.40 1.55
0.80 0.26 0.96 2.33 5.35 0.03 0.19 0.74 2.48
1.00 0.63 1.57 3.36 7.61 0.01 0.10 0.24 0.76
100 0.95 0.60 1.49 3.38 7.58 0.01 0.10 0.41 1.55
0.90 0.99 222 4.24 9.32 0.07 0.28 0.67 2.37
0.80 1.44 3.04 5.88 12.45 0.14 0.81 2.54 7.86
1.00 0.46 1.51 3.40 7.55 0.00 0.08 0.20 0.87
136 0.95 0.68 1.72 3.86 8.38 0.01 0.18 0.56 2.01
0.90 0.72 2.21 4.90 10.13 0.04 0.30 0.94 3.65
0.80 1.86 4.67 9.51 18.93 0.36 2.05 5.56 15.77
1.00 0.88 2.09 4.18 9.11 0.01 0.06 0.24 0.82
200 0.95 1.05 2.32 4.83 10.54 0.04 0.17 0.59 2.32
0.90 1.45 342 6.73 14.03 0.08 0.67 2.13 6.86
0.80 4.36 10.02  17.79  32.06 2.62 9.17 20.58 41.69




Table 3
Power of HEGY Test: Change in the level

Pr[Rejecting Unit Root] Pr[Rejecting Seasonal Root]
T Uy 1% 2.5% 5% 10% 1% 2.5% 5% 10%
0.0 11.03 2442 39772 58.75 | 26.61 4626 65.63 83.76
1.0 6.02 1397 25.19 4153 | 2385 4375 63.16 81.67
48 2.0 0.92 2.74 6.90 15.55 | 22.10 41.14 62.09 81.60
5.0 0.00 0.00 0.02 0.09 2790 4987 69.41 86.38
10.0 0.00 0.00 0.00 0.00 3340 56.74 7692 91.23
0.0 93.05 9752 99.14 99.82 | 9849 99.72 9995 100.00
1.0 7434 86.80 94.19 9845 | 9787 99.67 99.92 99.99
100 2.0 20.66  36.91 56.14 77.05 | 97.06 99.41 99.85 99.96
5.0 0.00 0.00 0.01 0.39 9795 99.71 99.98 100.00
10.0 0.00 0.00 0.00 0.00 99.74  99.98 100.00 100.00
0.0 - 9970 9998 99.99 100.00 | 9999 100.00 100.00 100.00
1.0 9540 99.01 99.71 99.97 | 9996 100.00 100.00 100.00
136 2.0 48.54 72.86 88.25 96.91 99.98 100.00 100.00 100.00
5.0 0.00 0.01 0.14 2.12 99.99 100.00 100.00 100.00
10.0 0.00 0.00 0.00 0.00 100.00 100.00 -100.00 100.00
0.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
1.0 99.99 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
200 2.0 9550 99.13 99.84 100.00 | 100.00 100.00 100.00 100.00
5.0 0.00 0.24 2.06 15.31 | 100.00 100.00 100.00 100.00
10.0 0.00 0.00 0.00 0.00 100.00 100.00 100.00 100.00

10




Table 4a: Power of HEGY Test: Change in the seasonal pattern (level

unchanged)
Pr[Rejecting a Unit Root] Pr[Rejecting a Seasonal Unit Root]
T Y3 =4 1% 2.5% 5% 10% 1% 2.5% 5% 10%
0.0 11.03 2442 3972 58.75 | 26.61 4626 6563 83.76
1.0 6.93 16.48  29.67 4880 | 1058 2273 38.32 58.79
48 2.0 2.44 7.69 1643 3293 042 1.83 5.31 14.35
5.0 1.82 6.26 1536  32.77 0.00 0.00 0.00 0.00
10.0 16.13 3549  56.58 77.77 0.00 0.00 0.00 0.00
0.0 93.05 9752 99.14 99.82 | 9849 9972 9995 100.00
1.0 8797 9554 9855 99.74 | 83.70 94.64 9830 99.72
100 2.0 74.65 88.64 9624 99.23 | 1927 4282 6497 85.77
5.0 64.56 8338 94.04 98.89 0.00 0.00 0.00 0.01
10.0 95.18 98.85 99.81 99.98 0.00 0.00 0.00 0.00
0.0 99.70 9998 99.99 100.00 | 99.99 100.00 100.00 100.00
1.0 99.25 99.92 100.00 100.00 | 98.86  99.89 100.00 100.00
136 2.0 9731 99.65 9996 9999 | 5538 83.62 94.11 99.00
5.0 9429 9920 9993 100.00 | 0.00 0.00 0.00 0.14
10.0 99.80 99.99 100.00 100.00 | 0.00 0.00 0.00 0.00
0.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
1.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
200 2.0 100.00 100.00 100.00 100.00 | 97.58 99.78 99.99 100.00
5.0 100.00 100.00 100.00 100.00 | 0.00 0.01 0.17 3.90
10.0 100.00 100.00 100.00 100.00 | 0.00 0.00 0.00 0.00
Table 4b: Power of HEGY Test: Change in the seasonal pattern
Pr[Rejecting a Unit Root] Pr[Rejecting a Seasonal Unit Root]
T Y4 1% 2.5% 5% 10% 1% 2.5% 5% 10%
0.0 11.03 2442 3972 58.75 | 26.61 4626 65.63 83.76
1.0 9.51 19.97 3414 53.60 | 19.21 3697 5559 75.07
48 2.0 4.83 12.03 22.65 39.85 6.98 17.24 3215 5371
5.0 0.17 1.01 3.38 9.42 0.01 0.04 0.13 1.30
10.0 0.00 0.04 0.17 0.68 0.00 0.00 0.00 0.00
0.0 93.05 9752 99.14 99.82 | 9849 99.72 99.95 100.00
1.0 90.16 9636 98.89 99.86 | 9542 9897 99.88  99.98
100 2.0 78.37 90.14 96.65 99.23 | 80.50 9399 98.22  99.62
5.0 18.73  36.16 57.12  80.46 0.83 5.60 17.56 4571
10.0 0.10 0.88 3.10 12.96 0.00 0.00 0.00 0.00
0.0 99.70 9998  99.99 100.00 | 99.99 100.00 100.00 100.00
1.0 99.40 9994 100.00 100.00 | 99.88 100.00 100.00 100.00
136 2.0 97.57 99.68 99.94 100.00 | 9845 99.90 99.98 100.00
5.0 51.08 7784 92.14 98.32 7.88 31.58 5772  86.30
10.0 0.44 3.69 1476  41.50 0.00 0.00 0.00 0.00
0.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
1.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
200 2.0 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
5.0 98.15 9977 9996 99.99 | 61.51 90.09 98.38  99.95
10.0 12.82 3933  68.75 93.60 | 0.00 0.00 0.01 0.84
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Table 5
Power of HEGY Test: Change in the growth rate

Pr[Rejecting Unit Root] Pr[Rejecting Seasonal Root]
T B, 1% 2.5% 5% 10% 1% 2.5% 5% 10%
1.00 11.03 2442 3972 5875 | 2661 4626 65.63 83.76
0.99 1174 2410 3938 58.12 | 2642 4582 6501 8276
48 0.975 9.99 21.66 3621 5429 | 2485 4532 64.80 83.23
0.95 7.81 1694 29.14 4587 | 24.04 4340 6297 82.15
0.90 2.00 5.13 11.15 20.86 | 18.79 38.07 5741 7753
1.00 93.05 9752 99.14 99.82 | 9849 99.72  99.95 100.00
0.99 9149 96.74 99.03 99.86 | 98.21 99.72 99.92  99.99
100 0.975 8L.11 9099 96.08 9894 | 9790 99.59 99.87 99.97
0.95 3977 5716 7325 87.62 | 9655 99.40 99.86 100.00
0.90 0.38 1.50 3.94 11.75 } 95.10 99.33 99.89  99.98
1.00 99.70 9998 99.99 100.00 | 99.99 100.00 100.00 100.00
0.99 99.26  99.92 100.00 100.00 | 99.97 100.00 100.00 100.00
136 0.975 94.02 9847 9958 99.87 | 99.99 100.00 100.00 100.00
0.95 36.36  60.06 78.17 91.57 | 9997 100.00 100.00 100.00
0.90 0.01 0.07 0.36 2.51 99.95 99.97 100.00 100.00
1.00 100.00 100.00 100.00 100.00 } 100.00 100.00 100.00 100.00
0.99 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00
200 0.975 99.39 9992 100.00 100.00 | 100.00 100.00 100.00 100.00
0.95 23.06 4871 7092 90.51 | 100.00 100.00 100.00 100.00
0.90 0.00 0.00 0.00 0.01 | 100.00 100.00 100.00 100.00
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Table 6

Critical Values for HEGY Test (T=1000)

Auxiliary Fractiles

Regression Test 1% 2.5% 5% 10% 90% 95%  97.5%  99%
m -3.46 -3.13 -2.87 -2.57 -0.45 -0.11 0.18 0.58

Intercept /%) -2.57 -2.27 -1.98 -1.61 0.89 1.29 1.62 2.01
No Seas. Dum. | ;3 -2.63 -2.21 -1.90 -1.55 1.00 1.36 1.69 2.08
No Trend Ty -2.34 -1.94 -1.63 -1.27 1.27 1.61 1.94 2.32
F 0.01 0.03 0.05 0.12 2.38 3.10 3.75 4.76

1191 -3.47 -3.13 -2.87 -2.57 -0.45 -0.12 0.18 0.57

Intercept 1173 -3.45 -3.15 -2.87 -2.56 -0.44 -0.05 0.26 0.60
Seas. Dum. T3 -3.92 -3.62 -3.36 -3.07 -0.84 -0.51 -0.23 0.12
No Trend Ty -2.74 -2.28 -1.94 -1.51 1.51 1.92 2.26 2.67
F 0.12 0.26 0.46 0.78 5.65 6.72 7.67 3.89

T -3.95 -3.63 -3.40 -3.12 -1.25 -0.96 -0.64 -0.34

Intercept Y1) -2.58 -2.27 -1.98 -1.61 0.89 1.29 1.62 2.01
No Seas. Dum. | r; -2.63 -2.21 -1.90 -1.56 1.00 1.36 1.69 2.08
Trend T4 -2.34 -1.94 -1.63 -1.27 1.26 1.60 1.93 2.31
F 0.01 0.03 0.05 0.12 2.38 3.10 3.76 4.76

(1] -3.95 -3.63 -3.41 -3.12 -1.25 -0.96 -0.65 -0.35

Intercept Y1) -3.45 -3.14 -2.87 -2.56 -0.44 -0.06 0.26 0.59
Seas. Dum. 3 -3.93 -3.62 -3.36 -3.07 -0.84 -0.52 -0.23 0.12
Trend 7 -2.74 -2.28 -1.94 -1.51 1.51 1.92 2.27 2.67
F 0.12 0.26 0.46 0.78 5.65 6.70 7.67 8.88
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Table 7: Critical Values for HEGY Test: Change in level (no seasonals)

A Test 1%  25% 5% 10% 90%  95% 97.5% 99%
0.1 411 379 351 322 -130 -1.00 -071 -039
0.2 421 -394 368 341 -150 -123 -096 -0.64
0.3 -420 389 366 340 -1.72 -145 -1.19  -0.90
0.4 425 393 365 337 -1.67 -144 -123  -0.96
0.5 m 419 387 360 332 -143 -1.16 -092 -0.56
0.6 422 388 364 334 -128 -094 -063 -025
0.7 421 389 363 336 -1.50 -120 -091 -0.59
0.8 429 398 369 341 -176 -157 -138  -1.16
0.9 421 -394 369 340 -179 -163 -1.50 -1.38
0.1 266 231 201 -1.65 085 124 158  1.98
0.2 263 226 -197 -1.66 080 1.18 155  1.90
0.3 261 228 -199 -1.65 084 121 155  1.99
0.4 2266 233 201 -1.68 085 120 152 194
0.5 m 262 228 -199 -1.64 086 127 161 197
0.6 266 228 201 -1.67 086 129 164 197
0.7 262 228 200 -1.67 084 123 157  1.92
0.8 266 -231 201 -167 084 123 152 195
0.9 255 225 199 -165 084 121 158  1.98
0.1 268 230 -195 -1.60 096 132 163 201
02 265 228 -199 -1.63 092 132 163 197
0.3 2267 229 200 -1.65 095 134 166 204
0.4 260 225 -198 -1.64 094 129 164 201
0.5 s 258 226 196 -1.62 096 134 169  2.06
0.6 262 224  -195 -1.63 096 134 167  2.02
0.7 267 228 201 -1.65 094 132 162 199
0.8 269 233 204 -1.68 096 133 163  1.99
0.9 256 224  -193  -160 094 131 166  1.96
0.1 233 -1.94 -1.66 -130 1.19 154 187 221
0.2 232 -198 -167 -131 116 150 184  2.19
0.3 236 -198 -1.66 -128 119 154 185 224
0.4 2234  -199 -167 -129 118 153 183 218
0.5 T 234 200 -168 -130 120 155 186 227
0.6 235 -195 -166 -132 120 156 188 226
0.7 232 -199 -168 -133 119 151 180 214
0.8 238 -1.94 -164 -130 119 155 186 221
0.9 236 -198 -166 -127 121 160 191 224
0.1 001 003 006 012 236 3.10 378 482
0.2 001 003 006 011 237 305 375 484
0.3 001 003 006 011 243 313 388 482
0.4 001 003 006 011 240 306 371 485
05| Ftest | 001 003 006 012 241 317 382 467
0.6 001 003 006 011 236 307 38 477
0.7 001 003 006 012 240 3.13 38 476
0.8 001 003 005 011 245 318 390 498
0.9 001 003 006 012 234 305 372 464
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Table 8: Critical Values for HEGY Test: Change in seasonal pattern

A Test 1% 2.5% 5% 10% 90% 95% 97.5%  99%
0.1 -4.73 -4.27 -3.94 -3.59 -1.51 -1.22 -0.94 -0.63
0.2 -4.80 -4.41 -4.10 -3.77 -1.72 -1.43 -1.18 -0.90
0.3 -4.72 -4.36 -4.07 -3.75 -1.91 -1.64 -1.41 -1.09
0.4 -4.75 -4.36 -4.06 -3.72 -1.84 -1.64 -1.43 -1.16
0.5 T -4.66 -4.31 -4.02 -3.69 -1.63 -1.34 -1.10 -0.79
0.6 -4.73 -4.36 -4.05 -3.71 -1.51 -1.16 -0.84 -0.47
0.7 -4.68 -4.35 -4.05 -3.72 -1.72 -1.41 -1.12 -0.77
0.8 -4.74 -4.42 -4.09 -3.76 -1.94 -1.74 -1.57 -1.36
0.9 -4.74 -4.36 -4.08 -3.75 -1.95 -1.77 -1.62 -1.48
0.1 -3.83 -3.43 -3.12 -2.77 -0.48 -0.15 0.14 0.46
0.2 -4.03 -3.68 -3.35 -3.00 -0.67 -0.34 -0.07 0.24
0.3 -4.11 -3.76 -3.45 -3.12 -0.85 -0.51 -0.21 0.17
0.4 -4.12 -3.78 -3.47 -3.17 -1.06 -0.74 -0.46 -0.10
0.5 M -4.12 -3.80 -3.50 -3.19 -1.25 -0.97 -0.68 -0.36
0.6 -4.10 -3.78 -3.50 -3.21 -1.41 -1.18 -0.97 -0.66
0.7 -4.16 -3.77 -3.51 -3.20 -1.48 -1.30 -1.15 -0.97
0.8 -4.12 -3.75 -3.48 -3.17 -1.46 -1.31 -1.19 -1.07
0.9 -3.99 -3.62 -3.33 -3.04 -1.40 -1.26 -1.16 -1.04
0.1 -4.17 -3.83 -3.53 -3.15 -0.88 -0.57 -0.34 -0.02
0.2 -4.49 -4.17 -3.87 -3.50 -1.13 -0.83 -0.53 -0.21
0.3 -4.72 -4.35 -4.08 -3.75 -1.42 -1.08 -0.80 -0.45
0.4 -4.77 -4.43 -4.17 -3.88 -1.70 -1.36 -1.10 -0.77
0.5 T3 -4.79 -4.47 -4.20 -3.89 -2.00 -1.69 -1.46 -1.14
0.6 -4.75 -4.47 -4.22 -3.94 -2.20 -1.97 -1.76 -1.48
0.7 -4.82 -4.53 -4.24 -3.94 -2.28 -2.09 -1.93 -1.75
0.8 -4.74 -4.40 -4.12 -3.85 -2.21 -2.05 -1.93 -1.81
0.9 -4.59 -4.25 -3.98 -3.67 -2.10 -1.95 -1.83 -1.71
0.1 -2.61 -2.20 -1.85 -1.44 1.58 1.97 2.33 2.73
0.2 -2.75 -2.31 -1.95 -1.54 1.65 2.04 240 2.78
0.3 -2.82 -2.36 -1.96 -1.52 1.70 2.14 2.54 3.00
04 -2.90 -2.45 -2.05 -1.55 1.73 221 2.62 3.02
0.5 T4 -2.93 -2.43 -2.03 -1.55 1.75 2.18 2.55 3.03
0.6 -2.82 -2.39 -2.03 -1.56 1.73 222 2.65 3.06
0.7 -2.86 -2.39 -2.01 -1.57 1.63 2.08 2.46 2.94
0.8 -2.77 -2.29 -1.92 -1.49 1.63 2.07 243 2.85
0.9 -2.64 -2.24 -1.86 -1.44 1.58 2.01 2.37 2.82

0.1 0.15 0.27 0.45 0.76 5.97 7.27 8.52 10.20
0.2 0.23 0.44 0.68 1.08 7.26 8.66 10.00 11.69
0.3 0.37 0.66 0.99 1.46 8.17 9.48 10.79  12.61
04 0.62 0.98 1.42 1.99 8.69 10.08 1142 13.04
0.5 F-test 1.00 1.44 1.92 2.52 8.80 10.19 1147 1329
0.6 1.44 1.92 2.35 2.90 9.00 1024 1149 1324
0.7 1.82 2.23 2.58 3.05 8.94 1026 11.56 13.14
0.8 1.91 2.18 247 2.90 8.38 9.65 1096 1249
0.9 1.72 1.97 Al 2.64 7.76 8.94 10.15  11.65
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Figure 1

Power of HEGY Unit Root Test as a Function of Break Period
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Figure 2

Power of Seasonal Unit Root Test as a Function of Break Period
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