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1 - Introduction 

Since the seminal work of Nelson and Plosser (1982), the problem of char
acterizing the nature of nonstationarity in time series data has received a great 
deal of attention in the macroeconometrics literature. Using the testing proce
dure of Dickey and Fuller (1979), they found compelling evidence in favor of 
unit root nonstationarity for a set of US macroeconomic time series and 
consequently challenged the then conventional approach of detrending by run
ning a regression on a linear deterministic time trend. The danger of errone
ously assuming a trend stationary (TS) process when the series is actually 
difference stationary (DS) was authoritatively demonstrated by Nelson and Kang 
(1981' 1984). 

Using the augmentd tests of Said and Dickey (1984) and the corrected 
test statistics of Philips (1987) and Philips and Perron (1988), similar results 
have been obtained for many other US and OECD macroeconomic time se
ries. One such recent study is Andrade (1990). Applying the Dickey-Fuller, 
Phillips-Perron and other tests, she could not find strong evidence against the 
null hypothesis that the annual per capita Portuguese real GDP series con
sidered contains a unit root. Thus, Andrade argued that it is preferrable to 
employ the Beveridge-Nelson (1981) approach to decompose the raw series 
into permanent ant transitory components. Applying this filter she found that 
fluctuations in the estimated stochastic trend appear to account for most of 
the variation in the original time series. 

Soares and Lopes (1989) had earlier addressed the question of unit root 
behavior in Portuguese output. However, they did not carry out any of the formal 
unit root tests. Rather, they compared results obtained by fitting ARMA mod
els to linear detrended and first differenced Portuguese output dada. Making a 
somewhat informal argument, they concluded that the DS model provides a 
superior fit to the series. 

(*) CEMAPRE, ISEG, and Department of Pure and Applied Mathematics, Stevens Institute of 
Technology, Hoboken, NJ 07030, USA. 

(**) Department of Economics, East Carolina University, Greenville, NC 27858, USA. 
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The purpose of this paper is to readdress the question of unit root behaviour in 
Portuguese output in light of recent developments in the time series literature and with 
use of different data sets recently made available. Andrade's work was based on a 
1958-1987 annual series put together from various Portuguese central bank documents. 
We use one GOP series which covers roughly the same time interval, 1950-1985: the 
Portuguese data found in the well-known Summers and Heston (1988) databank. In 
addition to this relatively short series, we also run tests on an 1833-1985 annual se
ries recently published by Nunes, Mata and Valerio (1989). 

The results we obtain for the two series are instructive. For the Summers
-Heston series, the results are ambiguous in that we have evidence in favor 
of both the TS and OS cases. This is not surprising in light of the fact that 
thirty-six years' worth of data does not generate very many observations on 
low frequency economic activity. For the longer series, which covers roughly 
150 years, our results are unambiguous: we can strongly reject the TS hy
pothesis and essentially cannot reject the OS hypothesis. 

The techniques we use to test the TS and OS hypotheses are rather new 
to the literature. Our first approach is to estimate autoregressive fractionally in
tegrated moving average (ARFIMA) models by Sowell's (1990a) exact maximum 
likelihood procedure. The TS and OS models are nested in the ARFIMA class, 
allowing for testing between the two cases based on estimated parameter val
ues. Our exact maximum likelihood results are supplemented by estimates of 
the key fractional difference parameter produced by the Geweke and Porter
-Hudak (1983) algorithm (GPH). The GPH procedure was recently applied by 
Diebold and Rudebusch (1989) in their study on the persistence of US output 
fluctuations. 

Our second approach is to compute the Kwiatkowski, Phillips, Schmidt and 
Shin (1990) test statistics (KPSS). In Dickey-Fuller-type tests, a unit root is set 
up as the null hypothesis to be tested. KPSS reverse matters and base their 
test on a TS null hypothesis. Choosing a components representation in which 
the time series under consideration is written as the sum of a deterministic 
trend, a random walk and a stationary error, the TS null corresponds to the 
hypothesis that the variance of the random walk equals zero. 

The plan of the paper is as follows. Section 2 describes the various tests 
used. In Section 3 the tests are applied to the two Portuguese output series. 
Section 4 concludes. 

2 - Some new tests for discriminating between the TS and DS cases 

2.1 - Autoregressive fractionally integrated moving average models 

The discrete time ARFIMA (p, d, q) model p, q E N, d E R, is given by: 

<I> (B) (1 - B)dXt = 8 (B)Et 
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where 8 is the unit backward shift operator, 

<D(8) = 1 +l/J18+ ... + I/Jp£3P (2.1) 
0(8) = 1 + 81 8 + ... + 8q8q 

Et -WN (O,cr~) 

and (1 - 8)dX1 is a stationary stochastic process. 

It is assumed that the roots of <D(8) and 0(8) lie outside the unit circle. 
For any real number d > - 1, the fractional difference operator (1 - B)d is defined 
as: 

~ 

(1 - 8)d = L r (-d+J)Bi I [r(-d) r U + 1 )] (2.2) 
i=O 

where r is the gamma function. For further details see Brockwell and Davis 
(1991' p. 520). 

We next see that the TS and OS models are nested as two special cases in the 
class of ARFIMA processes. Suppose {XJ is a TS process and define Yt = (1 - B)X1• 

It is a well known result that (YJ is a stationary process with a unit root in its moving 
average representation. Stated in terms of the fractional integration parameter d, (YJ 
is integrated of order -1.0, i.e., d=-1.0. Likewise, if (XJ is a OS process with {YJ 
defined accordingly, then (YJ is integrated of order 0.0, i.e., d = 0.0. 

Given a realization X1 with T observations of an arbitrary nonstationary 
process (XJ which exhibits positive trend, this suggests testing between the 
TS and OS models by identifying an estimating an ARFIMA model for the first 
differenced series. If the estimated fractional difference parameter is close 

A 
to -1.0, the data suggest the deterministic trend model. If d is around 0.0, the 
data support the unit root with drift model. 

Sowell (1990a) developed an exact maximum likelihood procedure for es
timation of arbitrary ARFIMA models. Assuming the innovations are normally 
distributed, the likelihood function of the ARFIMA model is given by: 

L(X1 1.) = (2n)· Tt2 I L 1-112 exp[ -(1 /2) X'1 L·1 X1)] (2.3) 

where L is the TxT covariance matrix or, equivalently, the autocovariance 
function, of X 1 and is a function of d, <D(8) and 0(b) and crt. In Sowell's pro
cedure the parameterization of the autocovariance function is derived by writ
ing the spectral density function fx{ro) in terms of the parameters of the model 
and then calculating the autocovariance function y(k) at lag k by: 

2rr 

y(k) = (1 /2n) J fx (w)e lrokdw (2.4) 
0 
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To test between the TS and DS Models, we estimate a set of ARFIMA 
models for different values of p and q (d is estimated jointly along with the 
ARMA polynomial coefficients) and choose «best» models on the basis of the 
AIC, AICC and SIC information criteria [see Brockwell and David (1991) for 
details]. The exact maximum likelihood estimator of d has an asymptotic nor
mal distribution. Sowell also showed that the small sample properties of this 
estimator are quite good. This pair of asymptotic and small sample results al
lows for straightforward hypothesis testing. 

We also estimate the fractional integration parameter d by the Geweke and 
Porter-Hudak (1983) frequency domain procedure. This approach exploits the 
behaviour of the spectral density function around frequency zero. Using fre
quencies near zero, a simple OLS regression of the log periodogram on the 
log of the frequencies is performed. The estimated slope parameter provides 
an estimate of (the negative of) the fractional difference parameter d. Specifi
cally, let /(mj) represent the value of the periodogram at Fourier frequency mj. 

Then set up the simple linear regression: 

In {l(roj}} = {30 + {3 1 . /nl1 - e -iwj 12 + ~j. j = 1 , ... ,m (2.5) 

where ffij = 21tj IT and the ~j are independently and identically distributed across the 
harmonic frequencies. The number m of low frequency ordinates used in the spectral 
regression (2.5) is a function of the sample size T. Geweke and Porter-Hudak sug
gested using m = ["JU], where ["JU] is the integer part of "JU. Their theoretical and 
simulation results suggest setting a= 0.5 and 0.6. Under regularity conditions on g(.), 

1\ 
then, - /31 provides a consistent and asymptotically normal estimate of d. In section 
3 below we produce estimates of the fractional difference parameter d by GPH and 
test the TS and DS hypotheses accordingly for the two Portuguese output series. 

Through Monte Carlo simulations, Sowell produced evidence suggesting that 
the small sample properties of his maximum likelihood procedure dominate those 
of GHP. Further, with respect to US postwar real quarterly GNP, Sowell (1990b) 
used additional Monte Carlo evidence to suggest that the GHP estimator is sig
nificantly biased. Diebold and Rudebush (1989, p. 198) argue, however, that while 
the simultaneous maximum likelihood estimation of d, <I> and e may have desir
able properties under correct model specification, the procedure may be incon
sistent under misspecification of <I> and e. For completeness, in section 3 we 
present estimates of the fractional difference parameter using both procedures. 

2.2 -The Kwiatkowski, Phillips, Schmidt and Shin test 

Evidence of unit root behaviour w~h Dickey-Fuller-type tests are based on the 
failure to reject the unit root null hypothesis. As a complement, the KPSS test takes 
as its null hypothesis the claim that the series under consideration is a TS process. 
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Let {Xr} be a sample of T observations for which we wish to test the TS 
null hypothesis. KPSS assume that we can decompose the series into the sum 
of a deterministic trend, random walk and stationary error: 

Xt= Ot+ ft+ Et (2.6) 

{rr} is a random walk: 

ft=ft-1+Ut (2.7) 

where {ut} is an independently and identically distributed sequence with mean 
zero and variance cr2u. The inital value r0 is treated as fixed. The TS hypoth
esis is simply cr2u = 0. For the case in which o = 0, the null hypothesis is that 
Xr is stationary around a level (r0) rather than around a trend. 

Let {e1}, t = 1 ,2, ... , T, be the residuals from the regression of Xr on 
an intercept and time trend. Define the partial sum process of the 
residuals: 

i= I 

St=Le; 
i=1 

(2.8) 

Further, define what KPSS call the ••long run variance•• of the partial sum 
process { Sr} as: 

cr2 =lim T-1 E($2). (2.9) 
T-->~ 

A consistent estimator of cr2, s2(1), can be constructed from the residuals 
(eJ. Specifically, KPSS use an estimator of the form: 

T I T 
s2 (~ = T-1 L ef + 2T-1 L w(s, I) L et8t-s (2.10) 

1=1 5=1 I=S+1 

In (2.1 0) w(s,/) is an optional lag window that corresponds to the choice of 
a spectral window. KPSS use the Bartlett window, w(s,l) = 1 - s/ (I+ 1 ), as in 
Newey and West (1987), which guarantees the non-negativity of s2 (~. The 
lag parameter I is set to correct for residual serial correlation. A choice of I= 0 
would be appropriate if the residual series were independently and identically 
distributed. 

The test statistic for the TS null hypothesis is: 

T 
~'t = T-2 L S(-1 s2 (~ (2.11) 

1=1 
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Assuming that the {E 1} in (2.6) satisfy the regularity conditions of Phillips 
and Peron (1988, p. 336), then the asymptotic distribution of ~'t under the TS 
null hypothesis is given by: 

1 
~'t ~J[ V2 (1}]2 dr (2.12) 

0 

where the second-level Brownian bridge V2(1} is given by: 

1 

V2 (I}= W(r) + (2r- 3~). W(1) + (-6r+ 6r2). J W(s) ds (2.13) 
0 

where W(r) is a Weiner process (Brownian motion). The upper tail critical val-
ues of J [V2(1}]2 have been tabulated by KPSS. 

To test the level stationary hypothesis, the r~iduals {eJ are from a re
gression of X1 on an intercept only, i.e., e1 = X1- X, t= 1 ,2, ... , T. The partial 
sum process and long run variance are computed accordingly and a test sta
tistic, labeled~~· is calculated as in (2.11). Use of the subscript "1-1" indicates 
that a mean, rather than a trend, has been extracted from XT. The asymptotic 
distribution of f]~L· under the TS null hypothesis is given by: 

d 1 
fj~ ~ J V2 (1}2 dr (2.14) 

0 

where V(r) is a standard Brownian bridge: V(r) = W(r)- rW(1 ). The upper tail 
critical values of J [ V(r)]2 have also been tabulated by KPSS. 

KPSS also studied the asymptotic distributions of fJ1: and ~~ under the al
ternative hypothesis that cr~ =1- 0. More specifically, they showed that the tests 
are consistent. 

KPSS calculated their test statistics for the US macroeconomic series stud
ied by Nelson and Plosser (1982). For many of the series they could not re
ject the TS null hypothesis. These results cast doubt on the ubiquitous exist
ence of unit roots, despite the failure of Dickey-Fuller tests to reject the DS 
hypothesis. In Section 3 we calculate the KPSS statistics ~'t and ~~ for the 
Portuguese output series. 

3 -Testing for unit roots in Portuguese output 

Time series plots of the Summers-Heston and Nunes-Mata-Valerio Portu
guese real per capita GOP series appear in figures 1 and 2. For the loga
rithms of each time series, we: 1) estimated a set of ARFIMA(p, d, q) models 
by exact maximum likelihood, yielding point estimates of the fractional differ
ence parameter d for different values of p and q; 2) estimated d by the GPH 
procedure, allowing the number of low Fourier frequency ordinates included in 
the spectral regression (2.5) to vary for different values of a; and 3) computed 
the KPSS statistics fj!J. and fj't, correcting for serial correlation by varying the 
lag truncation parameter /. 
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FIGURE 1 

Logarithm of Portuguese real GOP/capita 

(Summers & Heston data) 
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The results for the Summers-Heston series are found in tables 1 through 
4. Table 1 lists the computed log likelihood, AIC, AICC and SIC values for 
the set of ARFIMA (p, d, q) models, p = 0, 1, 2, and q = 0, 1, 2, 3, estimated 
by the exact maximum likelihood procedure of Sowell (1). The ARFIMA (0, d, 0) 
model (so called «fractional noise») is selected by the A ICC and the SIC and 
the ARFIMA (2, d, 2) model is selected by the AIC. The maximum likelihood 
estimates of d, along with estimated standard errors, appear in table 2. For 
the AIC-chosen ARFIMA (2, d, 2) model, the p-value for the OS hypothesis, 
i.e., H0: d= 0.0, is .12. The p-values for the OS null for all other cases are 
greater than or equal to .24. The maximum likelihood estimates of the frac
tional integration parameter appear to offer very little evidence against unit root 
nonstationarity. 

Table 1 

Model selection criteria for ARFIMA models estimated on first differences of the log level 
Summers-Heston real per capita Portuguese output series: 1950-1985 

Order of Arfima (p,d,q) Model 21n(L) AIC A ICC SIC 

(O,d,O) ....................................................... 129.64 125.64 125.26 126.08 
(O,d,1) ....................................................... 131.46 125.46 124.69 124.35 
(O,d,2) ....................................................... 131.99 123.99 122.68 121.32 
(O,d,3) ....................................................... 132.79 122.79 120.72 118.57 
(1,d,O) ....................................................... 130.37 124.37 123.60 123.26 
(1,d,1) ....................................................... 132.16 124.16 122.82 121.49 
(1,d,2) ....................................................... 132.22 122.22 120.15 118.00 
(1,d,3) ....................................................... 133.40 121.40 118.40 115.62 

(2,d,O) ....................................................... 130.66 122.66 121.33 120.00 
(2,d,1) ....................................................... 132.49 122.49 120.42 118.27 
(2,d,2) ....................................................... 137.73 125.73 122.73 119.95 

(2,d,3) ....................................................... 138.66 124.66 120.51 117.32 

For each (p, q) pair, table reports 2.1og likehood, AIC, AICC and SIC values for ARFIMA 
(p, d, q) models estimated by Sowell's exact maximum likehood procedure. 

76 



Table 2 

Exact maximum likehood estimates of fractional integration parameter for ARFIRMA 
models estimated on first differences of the log level Summers-Heston real per capita 
Portuguese output series: 1950-1985 

Number of AR parameters (p) 

0 ································································ 

1 ································································ 

I 
2 ································································{ 

(') Model selected by SIC. 
(') Model selected by AIC. 
(3) Model selected by AICC. 

0 

(')(3) 0,17 
(0,14) 

- 0,11 
(0,69) 

0,18 
(0,49) 

Number of MA parameters (q) 

1 2 3 

- 0,12 0,05 - 0,07 
(0,18) (0,29) (0,35) 

0,02 0,07 - 0,78 
(0,18) (0,29) (0,70) 

(2) 0,20 0,26 0,08 
(0,29) (0,17) (0, 11) 

Table lists exact maximum likelihood estimates of fractional integration parameter. Estimated 
standard errors appear in parentheses. 

An interesting result appears for the ARFIMA (1, d, 3) model. Given a d of 
-Q.78 and an estimated standard error equal to 0.70, the TS hypothesis, i.e., 
H0: d = -1.0, can be rejected only at a significance level greater than or equal 
to 0.75. While this model indeed yielded the lowest AIC value, the estimated 
parameter values nontheless offer no strong evidence against either the TS 
or DS cases. For postwar quarterly US real GNP, Sowell (1990b) obtained a 
set of similar ambiguous results in failing, via estimated ARFIMA models, to 
statistically distinguish between the two competing models of trend behaviour. 
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FIGURE 2 

Logarithm of Portuguese real GOP/capita 

(Nunes-Mata-Valerio data) 
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The GPH estimates of d tor the Summers and Heston series are listed in 
table 3. For the lower values of m, i.e., m = 4, 5, 6, neither the DS nor the 
TS hypotheses can be rejected at the 0.1 0 significance level. For the higher 
values of m, the p-values for the TS null are all smaller than .025. For this 
range of m, the p-values for the DS null are all greater than .28. Thus, via 
the GPH algorithm, there is no strong evidence against unit root nonstationarity 
while the evidence against the trend stationary null is conflicting. Note that the 
conflicting evidence against the TS null extends across the two values of m 
suggested by the theoretical arguments and Monte Carlo results of Geweke 
and Porter-Hudak (1983), i.e., m = 6,8 (corresponding to a= 0.5,0.6). 

Table 3 

GPH estimates of fractional integration parameter for first differences of the log level 
Summers-Heston real per capita Portuguese output series: 1950-1985 

1\ Standard error 
d (d) 

4....................................................................................... 0.40 0.43 0.83 
5....................................................................................... 0.45 0.21 0.59 
6....................................................................................... 0.50 0.33 0.45 
7....................................................................................... 0.55 0.18 0.38 
8....................................................................................... 0.60 0.07 0.33 
9....................................................................................... 0.63 0.26 0.33 
10..................................................................................... 0.65 0.32 0.29 

(') m is the number of low Fourier frequency ordinates used in the GPH spectral regression (2.5). m = [35"]. where 
is the number of observations on Portuguese real per capita GOP growth rates in the Summers-Heston data set. 

(
2
) a parameter used to calculate m. Geweke and Porter-Hudak (1983) reported good results for a = 0,5 and 0,6. 

Table 4 

Kwiatowski, Phillips and Schmidt test statistics for Heston-Summers real per capita 
Portuguese output series: 1950-1985 

Lag truncation parameter (~ 

1 ............................................................................................................. . 
2 ............................................................................................................. . 
3 ............................................................................................................ .. 
4 ............................................................................................................ .. 
5 ............................................................................................................. . 
6 ............................................................................................................. . 
7 ............................................................................................................. . 
8 ............................................................................................................ .. 

(') Upper tail cr~ical values for J\,: 
Critical level: 0.10; 0.05; 0.025; O.ot. 
Critical value: 0.347; 0.463; 0.574; 0.739. 

(2) Upper tail critical values for ~,: 

Critical level: 0.1 0; 0.05; 0.025; 0.01. 
Critical value: 0.119; 0.146; 0.176; 0.216. 

J\, (') ll, (') 

1.214 0.028 
1.005 0.024 
0.982 0.022 
0.800 0.021 
0.741 0.020 
0.696 0.019 
0.661 0.019 
0.633 0.019 
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The KPSS statistics for this series are found in table 4. It is no surprise to 
see that via the 1111 statistics, the hypothesis of level stationarity is easily re
jected. The p-values for the 1111 statistics against the level stationary null are 
all less than .01. The results for the 111: statistics are more interesting. Specifi
cally, for all values of the lag truncation parameter I considered, the TS null 
hypothesis can not be rejected at the 0.10 significance level. In their paper, 
KPSS only provided upper tail critical values. Given these values, it appears 
that p-values for the lh statistics are extremely high. That is, the KPSS 111: 
statistics offer very strong evidence in favor of the deterministic trend model. 

This ambiguous set of results, especially those obtained with the KPSS 111: 
statistics, stand in sharp contrast to those reported earlier by Andrade (1990) 
and Koop (1991 ). In a large cross-country Bayesian analysis, Koop found a 
relatively high posterior probability for the existence of a unit root with the same 
Portuguese GOP per capita data. 

Table 5 

Model selection criteria for ARFIMA models estimated on first differences of the log 
level Nunes-Mata-Valerio per capita Portuguese output series: 1833-1985 

Order of ARFIMA (p, d, q) Model 

(0, d, 0) ···················································· 
(0, d, 1) ................................................... . 
(0, d, 2) ···················································· 
(0, d, 3) ···················································· 
(1, d, 0) ···················································· 
(1' d, 1) ···················································· 
(1' d, 2) ···················································· 
(1, d, 3) ···················································· 
(2, d, 0) ................................................... . 
(2, d, 1) ................................................... . 
(2, d, 2) ···················································· 
(2, d, 3) ................................................... . 

21n (L) 

342.65 
344.65 
356.92 
363.35 
342.98 
359.93 
361.47 
362.44 
354.80 
363.88 
363.89 
364.24 

AIC 

338.65 
338.65 
348.92 
353.35 
336.98 
351.93 
351.47 
350.44 
346.80 
353.88 
351.89 
350.24 

AICC 

338.57 
338.49 
348.65 
352.94 
336.98 
351.65 
351.06 
349.86 
346.53 
353.47 
351.31 
349.46 

SIC 

337.63 
334.60 
341.85 
343.26 
332.93 
344.85 
341.37 
337.32 
339.73 
343.78 
338.77 
334.10 

For each (p, q) pair, table reports 2.1og likelihood, AIC, AICC and SIC values for ARFIMA (p, 
d, q) models estimated by Sowell's exact maximum likehood procedure. 
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Table 6 

Exact maximum likehood estimates of fractional integration parameter for ARFIMA models 
estimated on first differences of log level Nunes-Mata-Valerio per capita Portuguese 
output series: 1983-1985 

Number of AR parameters (p) 

0 ................................................................ 

1 ································································ 

2 ................................................................ 

(') Model selected by SIC. 
(2) Model selected by AIC. 
(3) Model selected by AICC. 

-

0 

0,02 
(0,06) 

0,02 
(0,12) 

0,26 
(0,11) 

Number of MA parameters (q) 

1 2 3 

-0,16 0,11 0,09 
(0, 11) (0,82) (0,16) 

(1)-0,03 0,12 0,15 
(0,07) (0,16) (0,16) 

(2)(") 0,12 0,12 -0,06 
(0, 11) (0,13) (0, 11) 

Table lists exact maximum likelihood estimates of fractional integration parameter. Estimated 
standard errors appear in parentheses. 

The results for the 1833-1985 annual Nunes-Mata-Valerio series appear in 
tables 5 through 8. Results listed in table 5 show that the ARFIMA (1, d, 1) 
model is selected by the SIC and the ARFIMA (2, d,1) model is chosen by 
the AIC and the AICC. The maximum likelihood point estimates of the frac
tional difference parameter d for the estimated ARFIMA models appear in ta
ble 6. With the excepcion of the ARFIMA (2, d, 3) model, no set of estimated 
parameters offers very strong rejection of the DS null hypothesis. While the 
ARFIMA (2, d, 3) model generated the lowest AIC value, unit root nonstationarity 
can be rejected at only the 0.02 or lower significance level, given its associ
ated B. On the whole, though, the estimated set of ARFIMA models offer very 
little evidence against the DS model. On the other hand, the TS null hypoth
esis is rejected at extremely high significance levels for all estimated models. 
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Table 7 

GPH estimates of fractional integration parameter for first differences of the log level 
Nunes-Mata-Vah!rio real per capita portuguese output series: 1833-1985 

5 ...................................................................................... . 
7 ...................................................................................... . 
10 ····················································································· 
12 .................................................................................... . 
15 ····················································································· 
20 .................................................................................... . 
25 .................................................................................... . 

0.(2) 

0.30 
0.40 
0.45 
0.50 
0.54 
0.60 
0.64 

a 

0.01 
0.17 
0.43 
0.30 
0.48 
0.37 
0.14 

Standard error 
(d) 

0.11 
0.31 
0.24 
0.23 
0.23 
0.18 
0.16 

(') m is the number of low frequency ordinates used in the GPH spectral regression (2.5). m = [152"], where 152 
is the number of observations on Portuguese real per capita GOP growth rates in the Nunes-Mata-Valerio data set. 

( 2) a parameter used to calculate m. Geweke and Porter-Hudak (1983) reported good results for a = 0,5 and 0,6. 

Table 8 

Kwiatowski, Phillips and Schmidt test statistics for Nunes-Mata-Vah!rio real per capita 
Portuguese output series: 1833-1985 

Lag truncation parameter (~ 

1 ·············································································································· 
2 ·············································································································· 
3 ............................................................................................................. . 
4 ·············································································································· 
5 ............................................................................................................. . 
6 ·············································································································· 
7 ............................................................................................................. . 
8 ............................................................................................................. . 
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(') Upper tail critical values for fl,: 
Critical level: 0.10; 0.05; 0.025; 0.01. 
Critical value: 0.347; 0.463; 0.574; 0.739. 

(') Upper tail critical values for 1'1,: 
Critical level: 0.1 0; 0.05; 0.025; 0.01. 
Critical value: 0.119; 0.146; 0.176; 0.216. 

fl, (') 

5.746 
4.719 
4.109 
3.690 
3.391 
3.157 
2.969 
2.816 

fl, (') 

0.564 
0.465 
0.406 
0.366 
0.337 
0.315 
0.297 
0.282 



The GPH estimates of d for this long run series appear in table 7. For the 
two values of m suggested by Geweke and Porter.Hudak, i.e. m = 12,20, (for 
a = 0.5, 0.6) the p-values for rejecting the DS null hypothesis are .18 and .03, 
respectively. For this series, then, the GPH procedure offers conflicting evi
dence against unit root nonstationarity. For the TS model, no ambiguity 
emerges. Specifically, H0 : d= -1 can be rejected at the 0.01 significance level 
for all the GPH estimates of d. 

Finally, the computed KPSS statistics for the Nunes-Mata-Valerio series are 
listed in table 8. Once again, the null of level stationarity is resoundingly re
jected. For this series, though, a diferent set of results emerges from the Th 
statistics. That is, the TS null is rejected at the 0.01 significance level for all 
values of the lag truncation parameter /. 

4 -Conclusions 

Using relatively new time series tools, we tested both the trend stationary 
and difference stationary models for two Portuguese real per capita GDP se
ries. Our results differed strongly for these data sets, providing some salutary 
lessons. 

For the postwar Summers-Heston series, we showed that no clear conclu
sion emerges regarding the choice between these two basic models of trend 
behavior. We produced very strong evidence in favor of both cases for this 
series. One possible explanation for this set of results is that restricting atten
tion to the postwar period offers very few observations on low frequency events, 
trend behavior indeed being an example of low frequency activity. 

For the century and a half long Nunes-Mata-Valerio data set, we strongly 
rejected the TS model with all procedures. We provided slightly mixed evidence 
against the TS model for this series, though. While the maximum likelihood 
procedure overwhelmingly failed to reject unit root nonstationarity, the GPH 
algorithm yielded some strong rejections. 

Our results serve to bolster arguments made by others earlier in the litera
ture. First, it is important to supplement use of conventional Dickey-Fuller-type 
tests with some of the recently developd procedures. What at first appears to 
be strong evidence in favor of unit root behavior might not stand up to further 
scrutiny. Second, with more degrees of freedom, which in our case means more 
so long run data with a higher number of observations on low frequency activ
ity, a clearer picture may emerge. 
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