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a b s t r a c t
In this paper we re-analyze the nature of the trend (deterministic or stochastic) in the Nelson–Plosser macroeconomic data set from an alternative method relative to the previous
studies. We underline the effects of large, but infrequent shocks due to major economic
or ﬁnancial events on US macroeconomic time series, such as the Great Depression, World
War II and recessions, using outlier methodology. We apply an ADF test corrected for
detected outliers based on intervention models and calculate the speciﬁc critical values
of the unit root tests for each series. The results point out the rejection of the unit root null
hypothesis for ﬁve of the fourteen Nelson–Plosser macroeconomic time series, namely real
GNP, real per capita GNP, industrial production, employment and unemployment.
Ó 2011 Elsevier Inc. All rights reserved.

1. Introduction
Since the inﬂuential paper of Nelson and Plosser (1982), much attention has been devoted to examining whether
macroeconomic time series are trend or difference stationary. Indeed, different models of the trend can imply different conclusions concerning the validity of economic theories and can imply different policy implications for macroeconomic models.
If the series is trend-stationary, and is thus characterized by stationary movements around a deterministic trend, a shock has
only a temporary effect and the series reverts to its steady trend after the shock. In contrast, if the series is difference stationary (or has a unit root), and is therefore characterized by a random walk (possibly with a drift), a shock has a persistent
effect. As a result, the series does not return to its former path following a random disturbance, and its level shifts
permanently.
Applying the unit root tests developed by Dickey and Fuller (1979) on a wide variety of US macroeconomic time series,
Nelson and Plosser (1982) found that the null hypothesis of a unit root could be rejected for only one out of the fourteen
macroeconomic time series in their data set, i.e. the unemployment rate. Their ﬁnding had a profound impact on the way
economic series have been viewed and treated (Banerjee and Urga, 2005); in particular, if the series were indeed integrated,
random shocks would have a permanent effect on the economy.
However, several authors pointed out that the tests employed by Nelson and Plosser have a drawback related to the
presence of breaks, i.e. that structural breaks can be biased towards erroneous non-rejection of the unit root hypothesis
(e.g., Perron, 1989; Rappoport and Reichlin, 1989; Montañés and Reyes, 1998; Leybourne et al., 1998; Sen, 2008).1 A number
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More precisely, Perron (1989) and Rappoport and Reichlin (1989) demonstrated that unit root tests fail to reject the unit root null hypothesis when there is
a break under the trend-stationary alternative. Further, Nunes et al. (1997), Montañés and Reyes (1998), Leybourne et al. (1998), Lee and Strazicich (2001) and
Sen (2008) found that Dickey–Fuller type unit root tests spuriously reject the unit root null when there is a break under the null hypothesis.
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of tests have been developed to take into account a structural change, where the date of the break is a priori unknown, namely
the breakpoint is determined endogenously from the data.2 In this way, many researchers revisited the Nelson–Plosser empirical results using unit root tests with structural breaks, allowing for one (e.g., Zivot and Andrews, 1992; Li, 1995; Perron, 1997;
Sen, 2004; Montañés et al., 2005) or two (Lumsdaine and Papell, 1997; Lee and Strazicich, 2003; Papell and Prodan, 2007) structural changes.3 Most of these studies tended to contradict the ﬁndings of Nelson–Plosser, i.e. there was less evidence in favor of
the unit root hypothesis. Nevertheless, the unit root tests with structural breaks impose a number of structural breaks without
prior knowledge of their number, which may strongly bias the results of the tests and the estimation of the dates of the structural changes (Kim et al., 2000). In addition, these tests generally propose three models according to the type of breaks (changes
in the intercept of the trend function, changes in the slope of the trend function, or changes in the intercept and the slope of the
trend function) but do not select them. This can give different results depending on the model chosen (Lee and Strazicich, 2001;
Sen, 2003; Montañés et al., 2005).
It has also been shown that unit root tests can be disturbed by the presence of outliers (Franses and Haldrup, 1994; Lucas,
1995; Shin et al., 1996; Yin and Maddala, 1997; Cavaliere and Georgiev, 2009), especially additive outliers, which affect only
a single observation at some points in time series and not its future values. Indeed, the presence of additive outliers induces
in the errors a negative moving-average component, which causes the unit root tests to exhibit substantial size distortions
towards rejecting the null hypothesis too often (Vogelsang, 1999; Rodríguez, 2004).4
For these reasons, we re-examine the Nelson–Plosser data set from a new perspective. First, we consider that the major
economic events represent major shocks that occur infrequently (low-frequency shocks), but that their occurrence is randomly determined. This approach results from the fact that there are numerous examples of random, heterogeneous, and
infrequent events that have a dramatic impact on the economy, especially for long-term economic series (e.g., oil crises,
wars, ﬁnancial slumps, changes of political regime, and natural catastrophes). We therefore seek the presence of these
shocks, which can have a permanent or temporary effect, in the form of outliers, providing a certain amount of information
about the nature and magnitude of the economic shocks in the US. Next, we seek the deterministic or stochastic nature of the
trend in the Nelson–Plosser macroeconomic time series by estimating intervention models based upon the outlier analysis
and performing Dickey–Fuller unit root tests on the intervention models as in Balke and Fomby (1991), Bradley and Jansen
(1995) and Rodríguez (2004). In this case, the random walk with drift implies permanent shocks that are assumed to be randomly generated every observation period (high-frequency shocks).5 This approach allows to distinguishing between frequent
small shocks due to period-by-period permanent innovations (as in the case of a stochastic trend) and infrequent large shocks
due to signiﬁcant economic and ﬁnancial events. Our results reject a unit root for ﬁve of the fourteen series in the Nelson–Plosser data set, namely real GNP, real per capita GNP industrial production, employment and unemployment. These results are conﬁrmed by applying robust unit root tests proposed by Cavaliere and Georgiev (2009).
The paper is structured as follows. In Section 2, the methodology for detecting outliers is described. The detected outliers
that can be associated with major economic or ﬁnancial events are discussed in Section 3. Section 4 presents the results of
the Dickey–Fuller tests on the intervention models, interprets these results, and provides a comparison with a robust approach. Section 5 concludes the paper.
2. Outlier methodology
The search for outliers is based on an unobserved components model with two such components: a regular one and an
outlier one. The latter reﬂects extraordinary, infrequently occurring events or shocks that have important effects on the
macroeconomic time series. The model is given by

zt ¼ yt þ f ðtÞ

ð1Þ

where

yt ¼

hðLÞ

aðLÞ/ðLÞ

at



at  N 0; r2a

ð2Þ

yt is an ARIMA(p, d, q) process and f(t) contains exogenous disturbances or outliers. Following Chen and Liu (1993), we will
consider four types of outliers: additive outlier (AO), innovation outlier (IO), level shift (LS), and temporary change (TC). The
models for different f(t) are as follows
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Nunes et al. (1997) provide evidence that assuming no break under the null in endogenous break unit root test leads to signiﬁcant rejection of the unit root
null when the data generating process is a unit root with break (see Perron, 2006). This the case for some of the tests cited. Lee and Strazicich (2003) suggested
an endogenous break LM unit root test, which permits a break under the null as well as under the alternative.
4
Vogelsang (1999), Perron and Rodriguez (2003) and Haldrup and Sansó (2008) suggested procedures for detecting multiple additive outliers in nonstationary time series.
5
Another interesting approach is proposed by Lucas (1995a,b), Hoek et al. (1995), Lima and Xiao (2010), Lima and Filho (2008) and Cavaliere and Georgiev
(2009) with robust estimations. However, in most cases, researchers need to know the dates of the outliers. This is our case because among other reasons, dates
of the outliers allow us to identify which phenomena are related to these dates. Darné and Diebolt (2004) suggest a two-step procedure, i.e. (i) outlier detection,
(ii) unit root tests on outlier corrected data, but they only investigated size performance, not power performance.
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