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AN LM TEST FOR A UNIT ROOT
IN THE PRESENCE OF A
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In this paper, we examine a suitably modified version of the unit root test pro-
posed by Schmidt and Phillips (1992). A one-time structural break in the inter-
cept does not affect its asymptotic distribution under the null hypothesis, and
this is true whether the break is allowed for in the model or not. This implies
that the asymptotic validity of this test statistic under the null is not affected
by the incorrect placement of the structural break, by the allowance for a break
when there is no break, or by no allowance for a break when there is a break.

1. INTRODUCTION

In this paper, we show that the asymptotic null distributions of the Schmidt
and Phillips (1992) (henceforth, SP) unit root test statistics are not affected
by a one-time structural break in the intercept. This invariance result holds
whether the break is allowed for in the model or not. Our result contrasts
with that of Perron’s (1989) or Perron and Vogelsang’s (1993) tests wherein
the structural break affects the asymptotic distributions of the test statistics
even under the null hypothesis of a unit root. Their tests are based on the
Dickey and Fuller (1979, henceforth, DF) parameterization. The exogeneity
of the structural break has been questioned by Banerjee, Lumsdaine, and
Stock (1992), Christiano (1992), Perron (1990), and Zivot and Andrews
(1992) in which the break is allowed to occur at an unknown time so that its
placement is decided by the data. However, the asymptotic validity of the SP
test statistics under the null is not affected by the incorrect placement of the
structural break, by the allowance for a break when there is no break, or by
no allowance for a break when there is a break.

In addition, we show that both the SP and DF tests are not affected by
a one-time structural break when the null hypothesis is true. It is also shown
that the SP tests are biased toward accepting the null when the alternative
hypothesis of trend-stationarity around the trend containing a one-time break
is true. Thus, the contribution made by Perron (1989), who suggested that
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the usual DF tests are biased toward accepting the null hypothesis when the
alternative is true, is still valid in the SP framework. The empirical applica-
tion to the Nelson and Plosser (1982) data indicates that we often fail to
reject the null of a unit root.

The plan of this paper is as follows. In Section 2, we provide the asymp-
totic results for the SP-type tests in the presence of a possible structural
break. In Section 3, we briefly provide the size and power properties of our
tests and demonstrate the empirical evidence for the Nelson-Plosser data.
Section 4 gives our concluding remarks. Throughout this paper, — indicates
weak convergence as T — oo.

2. INVARIANCE RESULTS

We consider the data generating process (DGP), which is based on the unob-
served components representation:

y=62+X, X, =pX,_) + &, 1)

where Z, contains exogenous variables. The unit root null hypothesis is p = 1.
This DGP is consistent with Perron’s models. We consider the crash model
with Z, = [1,¢,DU,]’, where DU, = 1 for t = Tz + 1 and 0 otherwise and
where T stands for the time period when the structural change occurs. We
denote 6 = (8,,8,,65)" It should be noted that our main results are for this
crash model only and would not hold for the changing growth model or the
model of sudden change in the level and growth path. Also, Perron (1989)
considered two versions of the crash model, the additive outlier (AO) and the
innovative outlier (10) versions, where the former allows the economy to
react instantaneously to a shock to its level and the latter allows a gradual
reaction. In this paper, we consider only the AO version of Perron’s model.
Depending on whether p is equal to 1 or not, (1) implies

null: y,=puy+d-D(TB), + y,_; + v, 2a)

alternative: y, =pu; + G-t + (4 — uy)-DU, + v, (2b)

where v, is stationary, and D(TB), = 1 for t = Tg + 1 and O elsewhere. We
have ug = 6, d = 63, o = 6, + Xy, and v, = g, under the null and y, = 6,
B =65, (uy — p;) = 63, and v, = X, under the alternative.

The SP-type test statistics allowing for structural change are obtained from
the following regression according to the LM (score) principle as in SP.

Ay, =6'AZ, + d)gl—l + e, 3)

where S, = y, — ¥, — Z,8, t=2,..., T, & are the coefficients in the regres-
sion of Ay, on AZ,, and ¥, is the restric}ed maximum likelihood estimate
(MLE) of ¥, (=y + X,) given by y, — Z, 6. The unit root hypothesisis ¢ =0
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(see Schmidt and Phillips, 1992, for more details). Then, the test statistics
are defined by
T-$, (4a)
7 = t — statistic for the hypothesis ¢ = 0. (4b)

A=Y}
Il

To establish the asymptotic distributions of the preceding SP-type tests,
we need the following assumption, which allows for serially correlated as well
as heterogeneously distributed innovations. We define the two nuisance
parameters o2 and o2 as in (19) and (20) of SP.

Assumption 1.

(i) The data are generated according to (1) with Z, = (1,¢,DU,)".
(ii) The innovations g, satisfy the regularity conditions of Phillips and Perron
(1988, p. 336).
(iii) Tg/T > Nas T — oo.

The DGP in the preceding considers crash models (2a) and (2b), where a
one-time structural break occurs in the intercept.

THEOREM 1. Suppose that Assumption 1 holds and p = 1. Let p and 7
be defined as in (4). Then, the asymptotic distributions of these statistics are
the same as in equations (21) and (22) of SP.

Theorem 1 says that allowing for a structural break at a single known time
does not affect the asymptotic distributions of the SP-type test statistics
under the null hypothesis of a unit root. This is so whether there is a break
(8; # 0) or not (8; = 0), and in particular the asymptotic distributions of
the statistics are unaffected by the allowance for a break when there is no
break. The intuitive reason is that the SP-type tests are based on a regres-
sion in differences, and ADU, = D(TB), equals 1 at only one point, so that
its inclusion has no effect asymptotically. This result differs from that of the
DF-type tests, as suggested in Perron’s Theorem 2 (1989, p. 1373), which
shows that the asymptotic distributions of his DF-type unit root test statis-
tics depend on N = Tz/T even under the null. Perron’s DF-type tests are
based on a regression that includes DU, in levels, and DU, equals 1 for a
constant fraction (1 — \) of the sample even asymptotically.

Next, we consider what will be the effect on the asymptotic distributions
of the usual DF and SP tests under the null hypothesis, if there occurs a one-
time structural break, but it is ignored.

THEOREM 2. Suppose that Assumption 1 holds and p = 1. Suppose that
there occurs a structural break at time Tgz. Then, the asymptotic distribu-
tions of the usual DF and SP tests are unaffected by the structural break.

Theorem 2 indicates that the asymptotic null distributions of both the usual
DF and SP tests are not affected by the presence of a one-time structural
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break. Thus, the asymptotic null distributions of the DF tests do not depend
on the break if one does not allow for it even when it exists. However, as sug-
gested by Perron (1989), they depend on it if one allows for it in the model.
This result may imply that the change in the null distributions of the DF
extension tests arises from the way in which they are formulated to allow for
a break. Theorems 1 and 2 combined indicate that while the asymptotics of
the SP-type tests under the null are unaffected either by the presence of a
break or by allowance for such a break, the asymptotics of Perron’s tests
under the null are affected by the presence of a break if one allows for it in
the model but are unaffected if no allowance is made for the break when it
exists.

Incorrect placement of a structural break is a combination of allowing for
a break where none occurs and failing to allow for a break where it does
occur. Combining Theorems 1 and 2, the asymptotic null distributions of the
SP statistics are unaffected by the incorrect placement of a structural break.
Thus, their asymptotic null distributions are invariant to allowance for a
break, whether or not it occurs and whether or not it is correctly placed, and
also to the failure to allow for a break that does occur.

This raises an obvious question: Why should we allow for a break in per-
forming the SP-type tests? The answer is that we do so to increase the power
of the tests. Perron shows in his Theorem 1 that the usual DF tests will be
biased toward accepting the null, when the alternative is true and the break
occurs. This fact is also true for the SP tests. The following theorem formally
shows that the equivalent of Perron’s Theorem 1 also holds for the usual SP
tests.

THEOREM 3. Suppose that Assumption 1 holds with p < 1. Suppose that
a structural break occurs at time Tg. Define

T
o = lim )] Var(X,),

T =)

T
Y1 = lim 77! ZE(XIXI—I)’

T—o =1

P = 71/0.3-
Let X, represent the weak limit of X, ast— . Then, if ¢ is the coefficient
of S,_, in the regression of Ay, on [1,5,_,],

J)_’ 0§(p|—l)
G+ HXE+ X X + XP)+ (N = N+ 183+ (X — X))V = )63+ X85

Ignoring the break if one exists reduces the power of the tests under the
alternative. Theorem 3 shows that when the alternative is true (p < 1), the
asymptotic distribution of the estimated coefficient in the usual SP tests
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depends on the magnitude of the structural change. In particular, ¢ — 0 as
63 — o, which corresponds to a potential bias toward accepting the null, as
the magnitude of the structural change increases.

3. FURTHER RESULTS

In this section, we provide results on the size and power of the test statistics
by Monte Carlo simulation and demonstrate the empirical evidence. The
FORTRAN subroutine program GASDEV/RAN3 of Press, Flannery, Teu-
kolsky, and Vetterling (1986) has been used for generating the pseudo-i.i.d.
N(0,1) random numbers.

To allow for autocorrelated errors, we employ the augmented ¢-test as in
Said and Dickey (1984). The DGP for the crash model is (1) with the mov-
ing average error structure: € = u, + 6u,_,. For this model, which corre-
sponds to the AO version of Perron’s crash model, Perron and Vogelsang
(1993) corrected the procedure in Perron (1989) to eliminate the dependency
of Perron’s statistic on nuisance parameters by introducing the term D (7B),
in the regression:

k k
V=2 w;D(TB),_; + py—1 + 2, ¢;A¥,_, + error, 5)
Jj=0 J=1
where J, is the residual from the regression of y, on (1,¢,DU,). We denote
the t-test statistic on p from this regression as 7p,. The SP statistic 7 comes
from regression (3) including additional augmented terms of AS,.

When the errors are autocorrelated, there is a question as to whether equa-
tion (3) should be augmented only with lags of AS,_, or lags of AZ, should
also be included. As a matter of notation, we let 7* denote the 7 test aug-
mented with lags of both AS, and D(TB),. We address this question by fol-
lowing Schmidt and Lee (1991) and rewrite equation (3) as

AS, =v'AZ, + ¢S,_, + e,. (6)

Because AS, = Ay, — &, — 6; D(TB),, (3) and (6) are the same except that the
coefficients of AZ, differ. Thus, least squares applied to (3) and (6) yield the
same statistics 7 and . We note that v = 0 in the population, and the regres-
sors AZ, are accordingly redundant in (6) in this case. There does not appear
to be any compelling reason to include lags of AZ, in the augmented tests.
Adding lags of D(TB), to the regression amounts to “dummying-out” a
number of observations immediately after the break point and can be criti-
cized as overfitting, as discussed in Phillips and Loretan (1991). Alternatively,
if we view the error e, in (3) or (6) as having the AR representation A(L)e, =
w,, we can write AS, = A(L)6’'AZ, + (1 — A(L)AS, + A(L)¢S,_, + w,.
This introduces lags of AZ, but not in an unrestricted fashion. The 7* test
ignores the restrictions that A(L) determines the lag coefficients of both
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AZ, and AS,. Again, ignoring these restrictions leads one to fit too many
parameters and might not be expected to lead to a test with desirable finite-
sample performance. In our case, this problem is not serious as we see in the
following simulations, because D(TB), is negligible both asymptotically and
in finite samples of reasonable size.

Table 1 contains size and power results for three test statistics we consider;
7, 7%, and 7p, for the sample size 7= 100 and with k = 4 and k = 12, where
k is the number of augmentations. The appropriate critical values for the 7
and 7* test are the same as the usual SP statistics, as suggested in Theorem 1.
They are —3.63, —3.32, and —3.06 for T = 100 at the 1, 2.5, and 5% lev-
els. The parameter A\ for the break point is set at .5 for the simulation con-
sisting of 10,000 replications.

Experiment A in Table 1 considers the size of the tests under the unit root
null in the presence of MA errors (# = —.8, —.5, 0, .5, .8). When the struc-
tural change occurs (63 = 5), all three tests are similar, and they display no
significant size distortions when enough augmentations are taken. When dif-
ferent magnitudes of the structural change are considered (the results are not
reported here), the sizes of these tests do not change much, which indicates
that they successfully eliminate the effect of the structural change. The small
difference between the 7 and 7* tests reflects the fact that, because the lagged
terms of D(7TB), are asymptotically negligible in the SP-type test procedure,
adding lags of D(TB), has minimal effect on the performance of the tests.

TasLE 1. Size comparisons, 5% rejection

7 T* Tpy

Experiment T p 6; 0 (k=4) (k=12) (k=4) (k=12) (k=4) (k=12)

A 100 1 5 —.8 .244 .054 232 .056 .298 .026
-.5 .062 .049 .063 .055 .042 .020
.0 .053 .056 .050 .058 .039 .029
.5 .045 .058 .043 .058 .053 .048
.8 .029 .056 .027 .055 .047 .061

(k =0) (k=0) (k=0)
B 100 .9 5 0 .261 .261 159
.8 728 728 .529
7 951 951 .907
.5 .998 .998 1.00
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A slight size distortion of all tests under i.i.d. errors is due to using more than
enough augmentations.

Experiment B considers the power of the tests under i.i.d. errors (where
virtually no size distortions are found) for different values of 6; and p. The
initial value, y, = X, = 0, is chosen (see Schmidt and Phillips, 1992, for
details on the role of the initial value in power comparison). The results show
that the SP-type tests, 7 and 7%, are generally not less powerful than the 75,
test, and sometimes more powerful. When there are large divergences from
a unit root, for instance, p = .5 or lower, the DF-type tests are powerful rel-
ative to the SP-type tests, but in this case the power is close to 1.0. The over-
all results indicate that the correct size of the SP extension tests is not
obtained under the sacrifice of power.

Table 2 shows the results of applying the 7, 7%, and 7p, tests to the 11
Nelson and Plosser (1982) data series considered in Perron (1989). These sta-
tistics are applicable to the AO versions of the crash model, and their appli-
cability would be potentially limited by the finding in Perron (1989) that the
10 model is more appropriate for these series. All series are in logs except
the “interest rate” series. The number of augmentations, &, is determined by
the same procedure in Perron. We reject the null in favor of the alternative

TasLe 2. Empirical test results”

~ S~k A

T T Tpy
Series T Ty k Statistic &k Statistic k&  Statistic
Real GNP 62 21 1 =315 2 —3.35% 7 -3.49
Nominal GNP 62 21 1 —2.58 2 =2.56 6 —-2.74
Real per capita GNP 62 21 1 -2.96 2 —1.47 7 —-3.24
Industrial production 11 70 5 -2.64 2 —4.22%x*% 7 -3.50
Employment 81 40 6 —2.96 3 -=3.01 6 —2.81
GNP deflator 82 41 1 -2.25 1 -2.28 5 -2.99
Consumer Price Index 111 70 § =2.73 5 =283 5 -2.31
Nominal wage 71 30 7 -=3.04 2 =242 7 -3.34
Money stock 82 41 1 —3.18*% 2 -2.76 1 -3.65
Velocity 102 61 0 —1.71 0 -1.72 0 -1.73
Interest rate 71 30 2 —1.12 0 —0.838 2 —1.66

“Critical values tfor 7 and 7* at the 1, 2.5, and 5% significance levels are —3.67, —3.36, and —3.09 for T =
62 and Ty = 21, and —3.64, —3.32, and —3.06 for T = 111 and 7y = 70. Critical values for other sample
sizes can be calculated via interpolation. Asymptotic critical values for 7, at the same significance levels
are —4.39, —4.03, and —3.76 for A = .3.

*Significant at the 5% level. **Significant at the 2.5% level. ***Significant at the 1% level.
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of trend stationarity for the “real GNP series with both tests at the 5% level,
the “money stock” series with the 7 test at the same level, and the “industrial
production” series with the 7* test at the 1% level of significance. Most of
the other series are found to have a unit root. We note that the results for
the 7, test are also supportive of a unit root for these series.

4. CONCLUDING REMARKS

We find that allowing or not allowing for a one-time structural change does
not affect the asymptotic distribution theory for SP statistics under the null
hypothesis. As a result, the asymptotic validity of the SP tests is not affected
by possibly incorrect placement of the structural break or by allowance for
a break when there is not a break (or vice versa).
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APPENDIX

_Proof of Theorem 1. We note that AS, = ¢, — (§ — &)Z,and §, = 3/, ¢ —
(6'=08')Z,—2Z)). Let S, = Z}:z g;and [rT] be the integer part of rT, for r € [0,1).
Then, we get

T28,7 =TS,y — (PT) = DT'TV2(8;, - 8y)
— T~YDU,r) = DU,)-T"*(8; — &;). (A.1)

The first term on the right-hand side of (A.1) follows: T~2S,7; > oW (r), which
is a standard result. For the second term, we note that (6, — 8,) is asymptotically
equivalent to &, because D(TB), equals 1 at only one point. Thus, ([r7T] — )T~! x
T'72(8, — 8,) » orW(1). In the third term, DU|,7-) — DU, > 0if r< X, and 1 if r = \.
We note (8, — 6,) = [D(TBYMD(TB)) "' D(TB)YMe, where M = I — i(i'i)~'i’ =
I — T7'ii’, and i is a vector of ones. Then, because D(TB)Me = er5,, — &, and
TV2(85 — 83) = [1 = T7'1 7' T (ergy, — &) > —oW(1), the third term is 0,(1).
Thus, (A.1) follows:

T=Y28,r) = a[W(r) — rw(1)] = oV (r), (A.2)

where V/(r) is a Brownian bridge. This is the same expression as that we obtain from
the usual SP tests ignoring the break; see the equation just before (A3.1) in Schmidt
and Phillips (1992, p. 24). Therefore, 6 and 7 have the same asymptotic distributions
as the original SP tests. ]

Proof of Theorem 2. The DGP is (1) with p = 1. When the SP test statistics (ignoring
the break) are calculated from data following DGP, we have Ay, =6, + 6; D(TB); + ¢,
5, =6, + T~'5; + & We can express S, as

S, = —») =8—-1)=(X,~ X)) +8DU - (5,-8,)(t— 1)

!

=28 —(t—1)&+68DU, — (1 — 1)8,/T. (A.3)

From this we obtain 7728,y = T2 3/, &, — ([rT1 = DT ' -T"2e+ T7'265 x
DU, — ([rT) — 1)T~3/26,. Because the last two terms vanish as 7 — o, we obtain
T7V28,,7) - o[W(r) — rWw(1)]. This result is the same as (A.2) and also the same
as that we obtain from the usual SP tests ignoring the break. Therefore, ignoring the
break in the usual SP tests does not matter asymptotically under the null.

Next, we want to show that this result also holds for the DF tests. The DGP is again
(1). Define W, = [1,¢]. Because the DF tests are based on the regression y, = v, +
Y2t + py,_; + €, we can express S, as the residual from regression of y, on W,. Thus,
we obtain

T-128,=T7V25,-DU, + T~'?X,, (A.4)

where f)TJ and X, are the residuals from the regression of DU, and X, on W,, respec-
tively. The properties of the DF tests will depend on the propemes of this projection
residual, because the DF tests are obtained by a regression of S, on S,_,. Notice that
the second term on the right-hand side in (A.4) converges to a demeaned and de-
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trended Wiener process, as shown in equation (24) in Kwiatkowski, Phillips, Schmidt,
and Shin (1992, p. 168) and in equation (16) in Park and Phillips (1988, p. 474). This
is exactly the same asymptotic result as we encounter in considering the usual DF test
statistics that do not allow for the break. Therefore, to complete the proof, we only
need to show that the first term vanishes asymptotically. To do so, define the con-
vergence rate matrix: R = diagonal[7 ~'/2, 7732]. Then, the first term on the right-
hand side in (A.4) follows:

T-'28,DU,— T~ "26,W,R(RW'WR)"'RW'DU
=67 "2DU, — 6:(T V24T 32y (RW'WR)"(T~'EDU,, T 2LtDU,)’ (A.5)

Here, notice that the following limits exist:

o=

(RW’WR)—»[I

1
2

], T-'EDU, -\, and T 2LiDU, - (1 — \*)/2.

o

But because 77 '"2DU, — 0 and (T ~"2,1T~3?) > 0, the whole terms in (A.5) van-
ish asymptotically, which finishes the proof. n

Proof of Theorem 3. Thg DGP is (1) with p < 1 under the alternative hypothesis.
In this case, we may express S, in (A.3) for the usual SP test statistics as S, = (X, — X,) —
(t = DAX + 65[DU, — (1 = 1)/T]. Note that AX = O,(T™"), because TAX =
X, — X, =0,(1). Thus, AX and VTAX vanish asymptotically. Now, consider the
following expression for the denominator of ¢:

TES? =T 'CUX, — X)) — (t — DAX]?> + T7'82L(DU, — (t — 1)/T)]?
+ 2T '8, (X, — X,) — (t = DAX][DU, - (t — 1)/T].
By expanding each term of the preceding expression, we obtain the asymptotic dis-
tribution of the denominator as given in the theorem. For the numerator of §, we
consider
T '2§5,A5, = T7'C[(X,_, — X,) — (t = 2)AX + 6,(DU,_, — (t — 2)/T)]
“[(AX, = AX) + 65(D(TB), — T™")]
=T 'E(AX, - AX)[(X,-, — X)) — (1 — 2)AX]}
+ T7'6;2(AX, — AX){DU,_, — (t = 2)/T)}
+ T7'6:[D(TB), = T7']- (X, — X)) — (1 = 2)AX]
+ T7'83L[D(TB), — T~'1-[DU_, — (t — 2)/T]. (A.6)
We can show that the first term follows as 62(p, — 1) and that the other terms van-
ish asymptotically. This completes the proof. From the theorem, we notice that § of
the usual SP test ignoring break is not a consistent estimator of (p;, — 1). Interest-
ingly, this is so even when there is no break (6; = 0). A nonzero value of 85 will tend

to move the distribution of § toward zero because (A> — X\ + 1) > 0, and this is cer-
tainly so for large enough |[6,]. ]



http://www.jstor.org

LINKED CITATIONS
-Pagelof2-

You have printed the following article:

An LM Test for a Unit Root in the Presence of a Structural Change
Christine Amdler; Junsoo Lee
Econometric Theory, Vol. 11, No. 2. (Jun., 1995), pp. 359-368.

Stable URL:
http://links.jstor.org/si ci?si ci=0266-4666%28199506%2911%3A 2%3C359%3AAL TFAU%3E2.0.CO%3B2-E

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

References

Recursive and Sequential Tests of the Unit-Root and Trend-Break Hypotheses: Theory and
International Evidence

Anindya Banerjee; Robin L. Lumsdaine; James H. Stock

Journal of Business & Economic Statistics, Vol. 10, No. 3. (Jul., 1992), pp. 271-287.
Stable URL:

http:/links.jstor.org/sici 2sici=0735-0015%28199207%2910%3A 3%3C271%3ARA STOT%3E2.0.CO%3B2-C

Sear ching for a Break in GNP

Lawrence J. Christiano

Journal of Business & Economic Statistics, Vol. 10, No. 3. (Jul., 1992), pp. 237-250.
Stable URL:

http://linksjstor.org/sici ?sici=0735-0015%28199207%2910%3A 3%3C237%3A SFABI G%3E2.0.CO%3B2-8

Distribution of the Estimatorsfor Autoregressive Time Series With a Unit Root

David A. Dickey; Wayne A. Fuller

Journal of the American Satistical Association, Vol. 74, No. 366. (Jun., 1979), pp. 427-431.
Stable URL:

http://linksjstor.org/sici ?sici=0162-1459%28197906%2974%3A 366%63C427%3A DOT EFA%3E2.0.CO%3B2-3

Statistical Inferencein Regressionswith Integrated Processes: Part 1

Joon Y. Park; Peter C. B. Phillips

Econometric Theory, Vol. 4, No. 3. (Dec., 1988), pp. 468-497.

Stable URL:

http:/links.jstor.org/sici 2sici=0266-4666%28198812%6294%3A 3%3C468%3A S| RW| %3E2.0.CO%3B2-D



http://links.jstor.org/sici?sici=0266-4666%28199506%2911%3A2%3C359%3AALTFAU%3E2.0.CO%3B2-E&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0735-0015%28199207%2910%3A3%3C271%3ARASTOT%3E2.0.CO%3B2-C&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0735-0015%28199207%2910%3A3%3C237%3ASFABIG%3E2.0.CO%3B2-8&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0162-1459%28197906%2974%3A366%3C427%3ADOTEFA%3E2.0.CO%3B2-3&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0266-4666%28198812%294%3A3%3C468%3ASIIRWI%3E2.0.CO%3B2-D&origin=JSTOR-pdf

http://www.jstor.org

LINKED CITATIONS
- Page2of 2 -

The Great Crash, the Oil Price Shock, and the Unit Root Hypothesis

Pierre Perron

Econometrica, Vol. 57, No. 6. (Nov., 1989), pp. 1361-1401.

Stable URL:

http:/links.jstor.org/sici 25 ci=0012-9682%28198911%2957%63A 6%63C1361%3A TGCTOP%3E2.0.CO%3B2-W

Estimating L ong-Run Economic Equilibria

Peter C. B. Phillips; Mico Loretan

The Review of Economic Sudies, Vol. 58, No. 3, Special Issue: The Econometrics of Financial
Markets. (May, 1991), pp. 407-436.

Stable URL:

http:/links.jstor.org/sici 2sici=0034-6527%28199105%2958%3A 3%3C407%3A EL EE%3E2.0.CO%3B2-C

Testing for a Unit Root in Time Series Regression

Peter C. B. Phillips; Pierre Perron

Biometrika, VVol. 75, No. 2. (Jun., 1988), pp. 335-346.

Stable URL:

http://linksjstor.org/sici ?sici=0006-3444%628198806%2975%3A 2%63C335%3A TFA URI %3E2.0.CO%3B2-B

Testing for Unit Rootsin Autoregressive-Moving Average M odels of Unknown Order
Said E. Said; David A. Dickey

Biometrika, Vol. 71, No. 3. (Dec., 1984), pp. 599-607.

Stable URL:

http://linksjstor.org/sici ?sici=0006-3444%28198412%2971%3A 3%3C599%3A TFURIA%3E2.0.CO%3B2-Z

Further Evidence on the Great Crash, the Oil-Price Shock, and the Unit-Root Hypothesis
Eric Zivot; Donald W. K. Andrews

Journal of Business & Economic Satistics, Vol. 10, No. 3. (Jul., 1992), pp. 251-270.

Stable URL:

http:/links.jstor.org/sici 25 ci=0735-0015%28199207%2910%63A 3%3C251%3A FEOT GC%3E2.0.CO%3B2-7


http://links.jstor.org/sici?sici=0012-9682%28198911%2957%3A6%3C1361%3ATGCTOP%3E2.0.CO%3B2-W&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0034-6527%28199105%2958%3A3%3C407%3AELEE%3E2.0.CO%3B2-C&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3444%28198806%2975%3A2%3C335%3ATFAURI%3E2.0.CO%3B2-B&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0006-3444%28198412%2971%3A3%3C599%3ATFURIA%3E2.0.CO%3B2-Z&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0735-0015%28199207%2910%3A3%3C251%3AFEOTGC%3E2.0.CO%3B2-7&origin=JSTOR-pdf

