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Stock and Watson (1986) test the hypothesis that real per capita GNP has a unit root by using a test statistic due to Phillips
(1985) which incorporates a non-parametric correction for the serial correlation induced by system and error dynamics The
version of this test that 15 used by Stock and Watson does not accommodate the presence of a dnft, and to compensate, they
detrend the series by extracting a 1 5% annual trend growth We use a version of this class of non-parametric tests, developed
by Phillips and Perron (1986), which allows for an estimated dnft, and reassess the Stock and Watson findings

1. Introduction

Many historical macroeconomic time sertes display a strong pattern of secular growth over time.
A problem of some importance to both theonsts and empirical researchers 1s whether this observed
non-stattonarnty 1s stochastic or determunistic If a particular senies has a unit root (with possibly a
non-zero drift) then the trend i1s (1n part) stochastic and involves the accumulation of random
mnovations, each of which has an enduring effect on the future trajectory of the time series. On the
other hand, 1if the series has no root on the unit circle and the non-stationarty 1s well represented by
stationary fluctuations about a determimustic trend, then the random innovations have only a
temporary mfluence on the historical trajectory of the series It 1s an empirical question which of
these alternatives is the more realistic.

Recently Nelson and Plosser (1982) used the Dickey-Fuller (1979) test procedure to distinguish
between these two hypotheses for a selected group of major U.S. macroeconomic time series. They
found that all but one of the series tested have a umit root (the exception being unemployment) and
they concluded that the non-stationarity of macro time series 1s in general stochastic. The
Dickey—Fuller test for a unit root uses an autoregressive (parametric) correction to account for the
short-run dynamics of the process. If the first-difference representation of a series contains an
important moving average component this imphes that a potentially large number of nuisance
parameters must be estimated and that this number should be allowed to grow with the sample size
at a controlled rate 1n order to validate the asymptotic theory [see Said and Dickey (1984)]. Since two
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degrees of freedom are lost for each addittonal parameter estimated, ! this procedure seems likely to
1ave low power in such cases, at least in finite samples.

Theoretical and empurical considerations support the view that moving average terms are present
 many macroeconomic time series [Schwert (1985) provides a recent discussion of some of the
=vidence]. Accordingly, 1t seems desirable to have an alternative testing procedure which does not
-ely on an autoregressive correction to account for the short-run dynamics. Such a test has been
developed by Phillips (1985). The new test involves a non-parametric correction for the senal
correlation that 1s mmduced by short-run dynamics (in both the system and the errors) and 1t has
rather a wide applicability in the present context Recently, Stock and Watson (1986) analysed the
real per capita GNP senies using Phillips’ test. However, the form of the test that they employ does
not allow for a fitted drift. To circumvent this problem Stock and Watson detrended the data by
extracting a 1.5% annual trend growth so as to induce a drftless series.

In fact, the test procedures mn Phillips (1985) have recently been extended by Phillips and Perron
(1986) and Perron (1986a,b) to accommodate a fitted time trend and a non-zero drift. The resulting
tests may be used directly to address the 1ssue of whether GNP has a unit root. The purpose of this
letter is to report the results of these tests.

Our letter 1s organized as follows. In section 2 we argue that the procedure used by Stock and
Watson may yield misleading results Section 3 presents the non-parametric tests valid in the
presence of drift and section 4 applies these tests to the various GNP series studied by Stock and
Watson. The conclusions are summarized mn section 5.

2. Problems caused by the presence of a drift

The problems caused by the presence of a dnft for the estimator of the serial correlation
coefficient are most easily analysed by considering the asymptotic distribution of the usual estima-
tors. Let & be the coefficient estimate m a regression of y, agamst y,_; and ¢4 be 1ts z-statistic.
Similarly, let a* and ¢, be the corresponding statistics i a regression that mcludes a constant.
Then, 1t 1s easily shown ? [see Perron (1986a)] that, if there 1s a non-zero drift (u) mn the series, as
T1oor

(a) TY*(T(&a—1)-3/2) > N(0, 9%%/5u%),

(b) T '%,- 3/2(ou2+u2/4)1/2.
P

() TY*(a*—1)—->N(0, 120%/p%),
(d) t,.—N(0, 0%/0?),

where 62=lm,_, T 'E(S%), S;=X_,u,, of=lms_ T 'Y B(u?), and {u,)} are the residuals
defined 1n the following model:

Yi=pty_1tu. (1)
The rate of convergence of the estimators to their true value 1s of course much faster with a

! One degree of freedom 15 lost because of the extra parameter estimated and one because of the need for an extra miual
observation
2 Some conditions on the mnovation sequence { u,} are assumed See Phullips (1985) and Phullips and Perron (1986)
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non-zero dnft Furthermore, the limiting distribution depends upon the drift parameter p. This
parameter can be consistently estimated by the fitted constant i the regression model (1). However,
m fimite samples, this estimator 1s not invariant to the mitial observation y, and a test based upon it
would depend upon the umts of measurements This solution 1s not appealing.

The procedure followed by Stock and Watson (1986) 1s to assume a known fixed dnft of 1.5%
annual trend growth [re., p= 1.5 m model (1) with y, representing the loganithm of real per capita
GNP] This procedure 1s valid only msofar as the true dnift 1s 1n fact 1.5%. There 1s, of course, no way
of knowing this 1n practice. Indeed, some growth in the series 1s consistent with a dnftless random
walk and the effects of inappropmnate detrending 1n this and other cases have been well documented
by Nelson and Kang (1981) and Durlauf and Phillips (1986). The simplest way of dealing with this
problem 1s to employ a version of the Phillips test which accommodates a non-zero drift.

3. The test statistics

Let {y, ] be a series” generated according to model (1) with the mnovation sequence satisfymg
some appropriate moment and mixing conditions ° Consider the following regression equation
which 1s to be estimated by least squares:

y=p+B(t—T/2)+ay._,+u, (2)

The null hypothesis of interest 1s that « =1 and =0 within a maintained hypothesis which
pernmuts a possibly non-zero drift p Three tests are possible. The first uses the standardized and
centered least squares estimates of a, viz T(&— 1). The other statistics are* the f-statistic on a, f;
(for @ = 1), and the regression ‘F-test” @, studied by Dickey and Fuller (1981) for the special case of
ud mnovation. @5 is defined as

@, = (25) [ 1{si = Gy =5i0)'} = (1= 97|, warh

T
P=(T-3)"Y (n-a-B-T/2)—ay_),
t=1

T

T
— 2 _ _
so=T "y (n=»-1)>  Feo=T "2y, (1=0,1.
t=1 t=1

The new statistics proposed by Phullips and Perron (1986) and Perron (1986b) which permit a wide
class of innovation sequences { u,} and which are invariant with respect to the dnft parameter pu 1n
(2) are

Z(&)=T(a—1)—(1°/24D,)(6% - 5*), (3)
Z(13) = (5/6n)ta = (T° /43 D%6,) (67, §2), (4)
Z(®,) = (5/67) 05— (1/265) (63, - 52)[T(& — 1) - (T°/48D, ) (62— 5*)] where, (5)

3 These conditions are general enough to mclude all finite ARMA processes generated by Gaussian errors [see Phillips and
Perron (1986, assumption 2 1)]
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Dy=(T*(T*-1)/12)Ly2, — T(Sty, ) + T(T+ DEty,_Zy = (T(T+ 1D)RT+1)/6)(Zy,_,)°

1s the determinant of the matrix (X'X) where X 1s the matrix of regressors defined by regression
model (2). 67 1s an estimator of o?=lm,_ 7 'E(S2) and 1s the non-parametric counterpart of
the autoregressive correction in the Dickey—Fuller procedure. Various consistent estimators are
possible [see Phillips (1985) and Perron (1986¢) for more details and discussion]. The one adopted
here was proposed by Newey and West (1985). It 1s defined by

T 1 T
=T 'Y al+27T7' Y w, i,di,_,
1 r=1 =141

where w,=1—17/(/+1) and the &,’s are the regression residuals. As in the Dickey-Fuller case,
there 1s some ambaguity in the appropriate choice of the lag truncation number / although theoretical
results provide some general guidelmes [Phillips (1985)]. We shall present our empirical results for a
range of values of / so that any sensitivities in the outcome of the tests are apparent.

A major advantage of the statistics (3)-(5) 1s that they have the same asymptotic distributions for
a very wide class of error structures, as the simple statistics developed by Dickey and Fuller (1979,
1981) have under the assumption of 1id errors. The critical values of our statistics (3)—(5) are
therefore the same and may be found in Fuller (1976) and Dickey and Fuller (1981). Moreover, as
shown 1n Phillips (1986) and Phillips and Perron (1986) there is no loss in asymptotic power against a
sequence of local alternatives in the use of these test statistics

4. Empirical results

We use the same real per capita GNP series m our empirical work as those used by Stock and
Watson (1986): (1) the Nelson—Plosser series (annual from 1909 to 1970); (2) the Friedman—Schwartz

Table 1
Seres /period Z( @) test statistics 2

& =0 =1 /=3 =6 1=9 [=12
Nelson — Plosser
1909-1970 0868 —-818 —10 46 —1158 —974 —852 —-647
1909-1940 0751 —-797 -1012 —-1051 —811 —493 —300
1941-1970 0730 —-810 —-1065 —-1199 ~-924 —-770 —700
1946-1970 0676 -810 -811 —943 —-863 -597 —-388
Friedman and Schwartz
1869-1940 0 760 —-1728 -19 36 —1965 —-1702 —-1405 —1196
1869-1908 0651 —-1396 -1399 —1345 ~-1316 -1133 -933
1869-1919 0.582 —-2132 —2076 —-2079 —2058 -18 47 —-1575
1909-1940 0798 —646 —-865 -918 -7 38 —-5.46 —362
1869-1975 0820 —-1926 —2260 -2390 -2109 —19 46 —16 34
1941-1975 0741 —-907 —1146 —-1247 —-970 —785 -702
19461975 0720 —8.40 —915 -9 36 —-897 —-620 —~324
NIPA
1947 11986 I (quarterly) 0956 —691 —-945 —-1254 —-1277 -12 09 —1141
1947-1984 (annual) 0725 —-1045 —-1201 —11 40 —1015 —828 —621

¢ Cntical values 10% —183,5% —218,25% —251,1% —295 [Source Fuller (1976)]
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Table 2
Sernes /period Z(tg) test statistics *

& =0 =1 =3 =6 =9 [=12
Nelson — Plosser
1909-1970 0868 —-218 —243 —255 —-236 —2133 —-200
1909-1940 0751 -195 —224 —228 -200 ~155 -120
1941-1970 0730 —-217 —-247 ~260 —-232 —-216 —-208
1946-1970 0676 —-224 —-228 —-24] —-233 -2 06 ~189
Friedman and Schwartz
1869-1940 0760 -315 —-332 —334 —-314 —-291 —-2173
1869-1908 0651 -282 —-286 -281 —-278 —-262 —243
1869-1919 0582 —-362 —-361 -362 —-360 —346 —-329
1909--1940 0798 —-166 —-198 -205 ~182 —-153 -121
1869-1975 0820 —-324 —-350 —-359 —-339 —-326 —302
1941-1975 0741 -225 —253 —262 —235 —-215 —205
1946-1975 0720 —200 —-212 -215 -210 —174 —125
NIPA
1947 1-1986 I (quarterly) 0956 —186 —-218 -251 —2353 —246 —-239
1947-1984 (annual) 0725 —-244 —-261 —255 —243 —224 —2.01
2 Critical values 10% —312,5% —341,2,5% —366,1% —396 [Source Fuller (1976)]
Table 3
Series /period Z( ;) test stausucs *

=0 =1 [=3 [=6 /=9 [=12

Nelson — Plosser
1909-1970 255 310 336 293 266 224
1909-1940 188 248 258 198 117 066
1941-1970 213 2 88 323 251 2.09 189
1946-1970 234 242 276 255 186 128
Friedman and Schwartz
1869-1940 475 535 542 475 398 3.43
1869-1908 381 390 376 369 321 268
1869-1919 617 613 614 609 554 483
1909-1940 1.46 2.03 216 172 128 087
1869-1975 510 598 6 31 560 518 438
1941-1975 238 308 333 262 213 190
1946--1975 199 224 229 220 150 075
NIPA
1947 1-1986 I (quarterly) 190 250 324 330 314 297
19471984 (annual) 288 334 319 287 240 187

* Critical values 10% 534, 5% 626, 2,5% 716, 1% 827 [Source Dickey and Fuller (1981)]
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(1982) series (annual from 1869 to 1975), (3) the National Income and Product Accounts (annual
from 1947 to 1984 and quarterly from 1947 1 to 1986.1). The results are presented m tables 1 through
3 for each test statistic.

Consider the results for the Nelson—Plosser series first. In all cases (covering the statistics used
and the sub-samples considered) we cannot reject the null hypothesis of a umt root without trend (at
conventional significance levels). We can reject the same null hypothesis at close to the 5% level using
the Friedman—Schwartz series from 1869 to 1975. When analysing sub-samples of this series we can
reject the null hypothesis using the samples 1869-1940 and 1869-1919 (at a significance level
between 5 and 10%) but not using other sub-samples It therefore appears from this evidence that the
behavior of the series 1s different before and after World War II. * With both the gquarterly and
annual NIPA series there is no evidence to reject the unit root hypothesis.

5. Conclusions

The conclusions are mixed and depend upon the series used and the sample periods analyzed.
Working at conventional levels of significance the Nelson—Plosser series do not permut rejection of
the null hypothesis of a umt root both before and after World War II. The Friedman—Schwartz series
permit rejection before World War II but not after (though we can reject for the whole sample) The
clearest rejection occurs for the period 1869-1919. Finally the NIPA series does not permit rejection
for a post-war sub-sample. ° One possible explanation for these divergences concerns the power of
the tests relative to the span of observation. As shown by Shiller and Perron (1985), the power of unit
root tests depends on the span of the available data. We reject the null hypothesis for the
Friedman—Schwartz series which has the largest span, 107 years By contrast, a maximum of only 40
years of data is available for the post-war period. Here the tests may have low power and the
Nelson—Plosser series, while covering both the pre-war and post-war series, contamns only 62
observations.
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