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The natural rate hypothesis in economics is represented as a trend-stationary (TS)
process while the hysteresis hypotheses in economics are represented as difference-
stationary (DS) processes. Persistence, a notion often confused with hysteresis, is
shown to be long-memory TS process. The presence of persistence means that shocks
to unemployment rates have long durations. While formally TS processes, highly
persistent (near unit root) processes, in practice provide aggregate demand policy with
scope to attentuate the effects of a shock before subsequent shocks occur. Extreme
natural rate conceptions do not permit such policy effectiveness. Unit root tests aimed
at distinguishing between TS and DS hypotheses are conducted. In most of the OECD
countries examined, the null of the unit root (DS) is not rejected. An examination is
made of the Perron argument, that the widespread acceptance of the unit root
hypothesis within recent literature arises because of mis-specification in the testing
regression, specifically the failure to account for segmented trends. This contention is
not found to be crucial in our study which confirms the widespread acceptability of
the unit root hypothesis in OECD unemployment rates even after accounting for
possible breaks in the trend function. Recognising the low power of the unit root tests
against near unit root alternatives, the paper also derives and calculates the degree of
persistence in OECD unemployment rates, to assess whether there is scope for policy
initiatives aimed at permanently lowering the unemployment rate. It is concluded that
the rates exhibit large degrees of persistence which allows scope for policy interven-
tion.

I. INTRODUCTION

There are two main alternative hypotheses about the rela-
tionship between the business cycle and the steady state in
macroeconomics: the natural rate hypothesis (NRH) and
the hysteresis hypothesis (HH). Each presents a distinct
prescription for the design and conduct of aggregate eco-
nomic policy.

The NRH, a central pillar of orthodox, market-clearing
theory, distinguishes between the long-term secular trend
and the short-term (transitory) fluctuations in the economy.
At best, aggregate demand management can only stabilize
the short-term variations, but in the NRH it is usually
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considered to inhibit the ‘natural’ tendencies of an economy
(if shocked) to equilibrate, and ultimately only influences
nominal magnitudes (that is, causes inflation).

The HH relates to path-dependence in dynamic systems
(Cross, 1986; Mitchell, 1987; Franz, 1990; Watts and
Mitchell, 1991). Franz (1990, p. 2) says that ‘The long-run
solution of such a system does not only depend on the
long-run values of the exogenous variables (as usually) . . .
[that is, under NRH models] . .. but also on the initial
condition of each state variable.” Buiter (1987, p. 24) ex-
presses path-dependence as, ‘Where you get to is deter-
mined by how you get there.’ Accordingly, expanstonary
policy can permanently reduce unemployment at the cost of
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some inflation. The price level acceleration is finite as the
economy adjusts to a new lower steady-state unemployment
rate.!

While the distinction between these hypotheses is clear in
theory, on a practical basis the divide is somewhat blurred.
The concept of unemployment persistence is important in
this regard. In analytical terms, persistence is a special case
of the NRH. An economy with strong persistence takes
many periods to adjust back to equilibrium following
a shock. So even if the NRH is a true model of the economy,
persistence means that the effects of shocks have long mem-
ories and that short-term macroeconomic policy can be
effective.

A further consideration is the apparent tension between
the theoretical and the empirical literature on unit roots and
hysteresis. Much of the theoretical work on hysteresis uses
a path-dependent steady-state unemployment rate as
a model of hysteresis (Blanchard and Summers, 1986, 1987,
Franz, 1990). Nelson and Plosser (1982) found that the
unemployment rate was the only time-series to reject
the unit-root hypothesis (see also Evans, 1989). Perron (1989,
p. 1363) did not ‘analyze the unemployment rate series since
there is a general agreement that it is stationary’. Perron
(1988, p. 321) confirmed this belief and concluded for the
United States that ‘the unemployment rate series. . . [is] . . .
stationary around a linear trend (albeit a zero trend. ..).’
The problem is simple. Either the theoretical possibility of
hysteresis in the unemployment rate is erroneous or there is
a need for more comprehensive unit-root testing.?

Section II relates the distinction made by Nelson and
Plosser (1982) between trend-stationary and difference-sta-
tionary processes to the NRH and the HH. The concept of
persistence is shown to be a special case of the NRH.
Interestingly, on a practical basis, this special case has the
same policy implications as hysteresis. Section III provides
historical evidence to motivate our analysis. Despite re-
maining at low average rates for many years, the aggregate
unemployment rates for Australia and the United States of
America (USA) generate test statistics which do not reject
the unit-root hypothesis. At the very least, the unemploy-
ment rates of these countries exhibit strong persistence.
It appears that we cannot simply dismiss the post-1960s
period as being a case of a mean shift. Section IV presents
some additional evidence on the degree of persistence in the
OECD unemployment rates as a precursor to more formal
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testing. The measures clearly show that when shocked, the
output gaps for all the OECD countries examined remain
significant for many years. Section V outlines the unit-root
testing framework. Section VI presents and analyses the
results of the formal unit root tests. Section VII examines
the segmented trend approach and the modified test results
based on this hypothesis. Concluding remarks follow.

I1. DIFFERENCE-STATIONARY AND
TREND-STATIONARY PROCESSES

Nelson and Plosser (1982) compare trend-stationary (TS) to
difference-stationary (DS) processes. They say that macro-
economics commonly separates a non-stationary ‘secular or
growth component’ from a stationary ‘cyclical component’
when decomposing real (and sometimes nominal) economic
time-series. The transitory disturbances are due to monet-
ary shocks. This representation is termed a TS process.
Alternatively, integrated (DS) processes exhibit non-station-
arity which is stochastic and displays no automatic tend-
ency to return to any deterministic trend. DS processes
cannot provide long-term forecasts based on the mean of
the series. Whereas the past history of the TS process does
not influence its long-term value, the magnitude of a vari-
able following a DS process is the sum of its past.

The linear model which nests both hypotheses (as alterna-
tives) is

yr:'y+ﬁt+ur/(1—al/) (1)

where L is the lag operator. Under the null of a unit root,
a =1, the implied value of 8 is zero. The unit-root hypothesis
becomes the joint hypothesis (S, «)=(0, 1) (see Nelson and
Plosser, 1982, p. 144).

The NRH and the HH can be represented as TS and DS
processes, respectively. Franz (1990) says that in the context
of ‘discrete time linear systems hysteresis is present when
there are one or more unit roots in the characteristic equa-
tion of the state matrix’. (see also Watts and Mitchell, 1991).
The representation of hysteresis can take a number of forms.
As an example, Franz (1990, Section 2) models the unem-
ployment rate as a simple autoregressive process

u=du,_,—Z, 2

! A variety of empirical approaches have attempted to detect hysterests in various countries. Hargreaves~Heap (1980), Mitchell (1987), Coe
and Gagliardi (1985), Coe (1988) and Watts and Mitchell (1990) employed a Phillips curve framework with alternative specifications of the
steady-state unemployment rate nested. Each study found some evidence of hysteresis. Mdller (1990) explores human capital deterioration
as a source of hysteresis. He uses a Beveridge curve framework to test whether in times of high unemployment the steady-state
unemployment—vacancy relation bows out from the usual relation. Franz (1990) discusses other techniques which have been used.

2We should be careful though. As Brunello (1990) observes, ‘since the unemployment rate is a bounded variable, it cannot in principle
follow a pure unit-root process.” However, the detection of a unit root over an extended sample, say the post-war period, has significant
implications for the conduct of economic policy, even though, over an infinite sample, the variance of the process may operate within finite

bounds.
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where Z is an exogenous (aggregate demand) variable and
d is a parameter. Solving the steady-state value of u, gives

i=Z/(1—d) 3

which means that the equilibrium of # is a function solely of
the equilibrium value of Z if d differs from unity. There is no
path dependence in the equilibrium unemployment rate.

A non-unique, path-dependent equilibrium emerges if
d=1. In this case, the current value of i is a function of the
starting value of u and the accumulation of period values of
Z. With d=1 in Equation 2 and accumulating u, from some
starting value u,, we get

u=uo+y. Z, 4)

Relating these insights to the TS-DS distinction from Nel-
son and Plosser (1982) is straightforward. We have equated
the presence of a unit root in a time series as being equi-
valent to hysteresis. An integrated stochastic process (u,),
like a random walk with fixed drift, is a DS process and is
written as

w=u_,+p+e (%)

and can be re-expressed along the lines of Equation 4 as an
accumulation process such that

u=uo+Pt+y & (6)

A TS model in linear terms can be defined as a stochastic
process which follows a secular trend such as

u,=o+ft+e (7)
where ¢ is a linear time trend and ¢, is a stationary series with
zero mean and variance ¢2. Once we eliminate the secular
component of the series, (a+ ft), the residuals sum to zero
and are stationary (Xte,=0).

While Equation 6 exhibits a linear trend as in Equation 7,
the error term is not stationary and the variance (to?)
increases with time. The DS process thus requires differenc-
ing before the residuals are stationary. This is the basis of
the TS/DS distinction.

In terms of Equation 1, if « was a near unit root (say 0.95),
then the resulting TS process would exhibit substantial
persistence. An innovation to this type of model would not
have permanent effects, but the process would still have
a long memory. Thus persistence is a special case of the
NRH. Although persistence is clearly distinct from hyster-
esis in analytical terms, it is virtually equivalent in practical
terms because a long memory process provides room for
policy effectiveness.

ITI. A HISTORICAL PERSPECTIVE

Figures 1 and 2 plot unemployment rate in Australia
(1861-1984), and the USA (1890-1984), respectively. In each
case the plots demonstrate highly autoregressive behaviour,

1491
21.46
1468}
791
113
1861 1892 1923 1954 1984
Year

Fig. 1. Aggregate unemployment rate, Australia 1861-1984
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Fig. 2. Aggregate unemployment rate, United States 1890-1984

with slow changes occurring to levels once established.
A simple AR(1) regression for Australia yieided the follow-
ing results for the log of the aggregate unemployment rate
(t-statistics are in parentheses):

LUR=0.13+0.91 LUR(— 1)
(2.18) (23.38)

R?=0.82 s..=0.3029

The results suggest substantial unemployment rate per-
sistence. Blanchard and Summers (1986) conduct similar
analyses for the United Kingdom (UK) and the USA and
find comparable degrees of persistence for both countries,
although the Australian unemployment rate is even slower
to return to its mean value than the UK and USA unem-
ployment rates which exhibit ‘at best a weak tendency to
return to. .. [their] .. .mean.’ (Blanchard and Summers,
1986, p. 21).

The unemployment rate in Australia, the UK and the US
(among other Western economies) changes its level infre-
quently. There have been three notable rises in the level of
the unemployment rate: the 1890 recession, the. 1929-39
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period, and the recent post-1978 period. Each time the level
has risen, the unemployment rate has only slowly reverted
back to the previous lower level. Once the lower level is
re-established it persists until some shock occurs. It is
notable that each time the rate has risen and persisted at the
higher rates, there has been a substantial aggregate demand
failure.

It might be argued that another feature of this historical
experience shown in our plots (a feature shared by other
Western nations) is that for many years the rates fluctuated
within a defined band and crossed some low mark several
times. Taken together with the fact that in the last 20 years
the rates have been on average much higher than previously,
one might conclude that a simple mean shift has occurred
without resorting to any unit-root explanations.

However, Table 1 reports standard unit-root tests on the
Australian and the USA data. The augmented Dickey-
Fuller statistics are well below the critical values. The null
hypothesis of a driftless random walk with zero mean which

Table 1. Annual historical unemployment rates — preliminary unit-
root tests

ADF (k=4) b, D,
Australia, 1861-1984
Level —2.69 2.47 3.66
First difference —6.02 12.09 18.15
USA, 1890-1984
Level —-3.29 3.69 5.54
First difference —5.67 10.75 16.11

Table 2. Sample autocorrelations for LUR
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is tested by (®,) cannot be rejected (see Section V for an
explanation of this and the ®;-test). The related driftless
random-walk hypothesis (@) also can not be rejected. Thus
we cannot reject the hypothesis that the unemployment
rates are unit-root processes. The first difference of the
unemployment rates appears to be stationary, with the
unit-root hypothesis being clearly rejected. Obviously more
detailed testing is in order. We simply cannot dismiss the
post-1960s period as being a case of a mean shift.

1V. AUTOCORRELATIONS AND
PERSISTENCE

In this section, prior to the more formal unit root testing, we
explore the persistence notion more thoroughly. The data is
from the quarterly main economic indicators provided on
disk from the OECD. Two seasonaily adjusted unemploy-
ment rate series are available from this data base: the unem-
ployment rate as defined by each country and the OECD’s
standardized unemployment rate. Where possible we use
the former because it usually provides a longer time-series.
In some cases, due to availability, the standardized unem-
ployment rate is used. A full range of results for both sets of
series is available on request. The results for each country
are qualitatively similar using either series. The log of the
relevant rate is used in every case.

Table 2 shows the sample autocorrelations for each coun-
try in level form. Without any significant exception, the
unemployment rates display a high degree of autoregressiv-
ity at lag one (the highest is 0.98, the lowest is 0.90), then
slowly decay as the lag increases, with limited individual

Lag

Country Period 1 2 3 4 5 6

Australia 66(3)-91(3) 097 0.94 0.90 0.87 0.84 0.81
Austria 69(1)-91(1) 098 0.94 091 0.88 0.85 0.82
Belgium?® 70¢1)-91(3) 0.98 0.95 091 0.87 0.83 0.78
Canada 60(1)-91(3) 0.98 0.95 091 0.87 0.83 0.80
Denmark 70(1)-91(2) 0.96 0.89 0.84 0.77 0.71 0.66
Finland 60(1)-91(2) 0.97 0.93 0.88 0.83 0.77 0.72
France 67(4)-91(2) 0.98 0.96 0.94 0.92 0.90 0.87
Germany 62(1)-91(3) 098 095 0.92 0.89 0.86 0.83
Italy 60(1)-91(2) 0.98 0.96 0.93 0.91 0.88 0.85
Japan 60(1)-91(3) 0.98 097 0.95 093 092 0.90
Netherlands? 70(1)-91(2) 0.96 0.91 0.85 0.80 0.75 0.69
Norway?* 70(1)-91(2) 0.90 0.84 0.75 0.64 0.57 047
Sweden® 70(1)-91(3) 0.93 0.84 0.73 0.61 0.51 0.41
United Kingdom 60(1)-91(3) 0.98 0.96 0.94 0.91 0.88 0.85
United States 60(1)-91(3) 0.97 092 0.85 0.78 0.72 0.66
Random walk® 0.95 0.90 0.85 0.81 0.76 0.70

2 OECD standardized unemployment rate.
b From Nelson and Plosser (1982, p. 147), Table 2.
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United Kingdom display some variation, in general, the
ACFs drop off rapidly at higher lags, which is consistent
with stationarity. A linear filter (u+ ft) was put through
each series and the ACFs computed for the ‘de-trended’
residuals of each series are reported in Table 4. The resulting
profiles are hardly consistent with stationarity.

variations around this pattern. The behaviour of the time
series is very similar to the ACF of a random walk. (see
Nelson and Plosser, 1982, p. 147).

Table 3 reports the ACFs for the first difference for each
country. With the exceptions of Italy and Japan, the first lag
is significant for all countries. Although Finland and the

Table 3. Sample autocorrelations for ALUR

Lag

Country Period 1 2 3 4 5 6
Australia 66(4)-91(3) 0.35 0.15 0.15 —-0.09 —0.20 -0.30
Austria 69(2)-91(1) 0.32 —-0.17 —0.04 0.18 0.10 0.01
Belgium?® 70(2)-91(3) 0.55 0.49 0.36 0.26 0.11 0.07
Canada 60(2)-91(3) 0.48 0.30 0.13 —0.03 —0.02 —0.07
Denmark 70(2)-91(2) 0.47 0.66 0.03 0.07 -0.11 —-0.24
Finland 60(1)-91(2) 0.30 0.22 0.30 0.03 —0.09 —-0.07
France 68(1)-91(2) 0.41 0.05 -0.01 -0.02 —0.14 —0.11
Germany 62(2)-91(3) 0.61 0.32 0.18 0.02 —-0.01 —0.10
Italy 60(2)-91(2) ~0.17 0.18 0.10 —0.22 0.27 -0.18
Japan 60(2)-91(3) —0.11 0.00 0.15 —0.06 0.01 0.15
Netherlands® 70(2)-91(3) 0.36 0.26 0.19 0.24 0.01 —0.06
Norway* 70(2)-91(3) -0.21 0.13 0.16 —-0.29 0.11 —0.01
Sweden? 70(2)-91(3) 0.15 0.25 0.16 0.08 0.04 0.02
United Kingdom 60(2)-91(3) 0.65 0.42 0.25 0.07 0.00 —0.14
United States 60(2)-91(3) 0.63 0.35 0.16 —0.07 —0.11 —0.09
Random walk® 0.25 0.00 0.00 0.00 0.00 0.00
2 OECD standardized unemployment rate.
» Time aggregated random walk from Nelson and Plosser (1982, p. 148), Table 3.
Table 4. Sample autocorrelations for de-trended LUR®

Lag
Country T 1 2 3 4 5 6 ADF?®
Australia 100 0.96 0.88 0.80 0.70 0.60 0.52 -1.96
Austria 86 091 0.80 0.72 0.64 0.54 0.44 —2.90
Belgium® 87 097 0.93 0.87 0.81 0.75 0.68 -1.06
Canada 126 0.96 0.90 0.81 0.71 0.62 0.53 —2.99
Denmark 86 0.95 0.85 0.75 0.65 0.54 0.45 —-2.12
Finland 126 0.95 0.86 0.76 0.63 0.49 0.37 —392
France 95 0.94 0.85 0.75 0.65 0.57 0.49 —1.00
Germany 118 0.95 0.85 0.73 0.60 048 0.35 —2.55
Italy 126 0.84 0.74 0.61 0.44 0.33 0.18 —3.88
Japan 126 091 0.83 0.76 0.68 0.62 0.54 —1.99
Netherlands® 86 0.93 0.86 0.77 0.68 0.59 0.50 —1.51
Norway* 86 0.82 0.71 0.56 0.35 0.25 0.10 —246
Sweden® 87 093 0.84 0.73 0.61 0.51 0.41 —2.66
United Kingdom 87 0.97 0.89 0.80 0.68 0.57 0.45 ~2.67
United States 87 0.97 0.90 0.82 072 0.62 0.53 —2.42
Random walk*® 0.85 0.71 0.58 0.47 0.36 027

2 OECD standardized unemployment rate.

> ADF regression included trend with four first differences (k= 4).
¢ De-trended random walk — approximate expected sample autocorrelations based on Nelson and Kang (1981) from Nelson
and Plosser (1982, p. 150), Table 3.1. -
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Table 5. Persistance of output gaps following a 3% negative shock

Country Half-life of shock Full-life of shock
(quarters) (quarters)
Australia 33 179
Austria 33 >200
Belgium 23 >200
Canada 18 101
Denmark 13 76
Finland 19 100
France 42 70
Germany 17 72
Italy 98 125
Japan 44 >200
Netherlands 16 183
Norway 28 91
Sweden 7 63
United Kingdom 29 >200
United States 17 > 200

To gauge how much persistence exists in the data, we
estimated autoregressions for each country, testing down
from a general specification to a parsimonious representa-
tion of the autoregressive component. The polynomials
were solved for the steady-state unemployment rates in each
country and an output gap, defined as the difference be-
tween the current and the equilibrium unemployment rate,
was created by introducing a 3% negative shock. The time-
paths back to equilibrium were computed and the results
are shown in Table 5. All the non-reported calculations are
available on request.

While the results do not discriminate between the nature
of the shock, it is clear that considerable time elapses occur
in all countries (except maybe Sweden) even before 1.5% of
the output gap is eliminated (ceterus paribus). So even if
we fail to formally establish the unit root hypothesis, in prac-
tical terms the policy implications are equivalent given the
high degree of persistence evident in the data.

Convergence is slow relative to the actual frequency of
shocks of this dimension experienced across the OECD
block. Clearly, macroeconomic policy can be designed to
minimize the costs of each shock (i.e. reduce the output
gaps) before the next shock impacts. A non-interventionist
policy would see the impacts of previous shocks still ‘sub-
stantially’ in the system as the next shock arrives. Thus, the
Okun losses would be magnified.

V. TESTING FOR UNIT ROOTS

Various autoregressive representations can be used as the
basis for unit-root testing. For example, Perron (1988) de-
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fines three regression equations which indicate an ordering
of relevant hypotheses.

Y, =8yi-1 -+ ®)

ye=u*+o*y,_ +ut )]

Ve=g+B—T/2)+ 8y, -+, (10)
Equation 8 is stationary if |&|<1, whereas if d=1, the
process has a unit root and is non-stationary (see Dickey
and Fuller, 1979, p. 427, Equation 1.1). Equation 9 allows
for fixed drift, u* (Dickey and Fuller, 1979, p. 428, Equa-
tion 2.1). Equation 10 provides the framework for testing.
Hypothesis A a driftless random walk (4, B,&@)=(0,0, 1),
and Hypothesis B (i, §,d@)=(j, 0, 1) (Dickey and Fuller,
1981, p. 1057, Equation 1.3) against a general alternative.

There is some disagreement in the literature as to the
order of hypothesis testing for Equations 8-10. Dickey et al.
(1986) believe that testing should begin with Equation 9. If
Equation 9 is the valid model, such statistics would have
higher power than statistics generated with Equations 8 or
10. Perron (1988) disagrees and recommends starting with
Equation 10. This allows a test of the unit-root hypothesis
against the obvious alternative that the series is trend-
stationary. Under this alternative, Equation 9 will not be
able to distinguish a unit root from a trend-stationary
process. We choose to use Perron’s strategy and initially test
th unit-root hypothesis directly against the trend-stationary
alternative.

Dickey—Fuller tests based, for example, on Equation 10
assume error homogeneity. If the residual structure is cor-
related, we can either change the regression framework or
modify the existing statistics. Dickey and Fuller (1981) and
later, Said and Dickey (1984) employ the augmented
Dickey-Fuller (ADF) regression, where higher-order first
differences of the variable are added to whiten the residuals.
The ADF regression format employed is

k
ye=ptPttary, 1+ Y piAye-.+e (11)
1=1
To facilitate testing y,_; is subtracted from both sides and
regressed as

k
Ayy=p*+p*t+aty 1+ ) v'Ayite  (12)
i=1
where of =(x; —1). The test becomes the straightforward
test of af =0.
Phillips (1987) took the second track and developed
a non-parametric approach to eliminate the dependence of
the asymptotic distribution of his modified test statistics on
the correlation structure of the residuals.?
In terms of Hypothesis A, the Dickey and Fulier (1981)
¢, -test is computed based on Equation 10, as is the Phillips

3The testing method involves the OLS estimation of an AR 1 autoregression supplemented by a ‘correction factor based on the structure of

the residuals from this regression.” (Perron, 1988, p. 302).
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Table 6. Unit-root regressions — LUR (regression model: yo=fi+Bt+8y,_1+e)

Country T i (@) B () a t(@) s(é) @°
Australia 100 0.03 1.14 0.001 1.05 0.961 —1.359 0.080 18.69°¢
Austria 88 —0.06 -2.10 0.001 3.16 0.909 —-2.791 0.071 19.14¢
Belgium® 86 0.08 434 —0.001 2.73 1.006 —0.461 0.047 21.14¢
Canada 126 0.05 1.52 0.000 1.97 0.963 —-1.741 0.053 32.36¢
Denmark 85 0.07 1.23 0.000 0.33 0.957 -1.353 0.137 23.50°¢
Finland 125 0.02 0.99 0.001 1.68 0.947 —1.853 0.111 33.99¢
France 94 0.03 2.13 0.000 0.03 0.991 -0.339 0.044 18.63¢
Germany 118 0.02 0.78 0.000 0.39 0.977 —0.900 0.114 48.79¢
Italy 125 0.22 3.68 0.001 3.83 0.844 -3.777 0.054 17.21

Japan 126 0.00 0.29 0.001 244 0.925 —2.541 0.057 5.26

Netherlands® 85 0.13 4.31 —0.001 1.86 0.993 —0.341 0.075 6.03¢
Norway?* 85 -0.07 1.17 0.003 2.51 0.836 —2.659 0.143 12.99¢
Sweden? 86 0.06 1.18 0.000 0.09 0.940 —1.614 0.095 12.72¢
United Kingdom 126 0.02 1.47 0.000 1.09 0.973 —1.262 0.072 5791°¢
United States 126 0.05 1.35 0.000 0.63 0971 —1.345 0.056 56.16¢

2 OECD standardized unemployment rate.
b¥2(4) is a LM test for fourth-order serial correlation.
cdenotes LM x?%(1) serial correlation statistically significant.

Table 7. Dickey—Fuller joint hypothesis tests ~ LUR®

Country T o t(@)° @,° b3 é2* @3>
Australia 100 —1.36 2.14 0.9 202 1.99
Austria 88 —2.79 3.68 5.01 332 455
Belgium*® 86 —0.46 7.98 7.97 2.57 3.21
Canada 126 —1.74 1.60 2.06 3.30 4.89
Denmark 85 —1.35 2.19 1.72 1.82 237
Finland 125 —1.85 1.62 1.78 5.53 7.69
France 94 —-0.34 3.79 0.74 2.17 1.05
Germany 118 —0.90 1.87 0.97 2.49 3.30
Italy 125 —3.78 5.33 7.49 5.62 7.73
Japan 126 —2.54 2.31 3.38 1.49 1.98
Netherlands® 85 —0.34 7.63 7.86 2.86 4.01
Norway*® 85 —2.66 2.80 3.79 2.60 3.13
Sweden® 86 —1.61 1.00 1.30 2.75 4.12
United Kingdom 126 —1.26 1.86 0.80 3.01 3.67
United States 126 —1.34 0.67 0.90 2.02 3.03

*$, and ¢y are based on y,=p+pt+ay,. +e, whereas ¢,* and ¢;* are based on
y,=u-+-/3t+oty,~,l+Zf‘=t %Ay, _,+e,, with k=4. The values of T are based on the model
without higher-order terms.

b Critical values for t(«) (see Fuller, 1976, p. 381, Table 8.5.2):

T= 80 100 120
5% level —347 —345 —3.44

¢ Critical values for ¢, and ¢,* (Dickey and Fuller, 1981, p. 1063, Table v):
T= 80 100 120
5% level 5.03 488 4.86

4 Critical values for ¢5 and ¢3* (Dickey and Fuller, 1981, p. 1063, Table vi).
T= 80 100 120
5% level 6.59 6.49 6.47

¢ OECD standardized unemployment rate.
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and Perron (1988) Z( ¢,)-statistic which is a modified ver-
sion of the ¢,-statistic. In terms of Hypothesis B, the
¢5-test statistic (Dickey and Fuller, 1981) is computed
based on Equation 10, along with the corresponding Z(¢3)
due to Phillips and Perron (1988). We also calculate ¢35 and
¢ ¥ based on the ADF regression. A range of ADF tests (for
k=0-4), the 7_-test from Fuller (1976), and the Z(«) and the
Z(t,)-tests from Phillips (1987) are also reported.

Table 8. Phillips—Perron Z-statistics - LUR

W. F. Mitchell
VI. TEST RESULTS

The results are reported in Tables 68 (and the appendix).
Table 7 provides statistics for the unit-root null against the
general alternative in Equation 10. The ®*-statistics are
based on the ADF regression (Equation 12), whereas the
®-statistics are from the Dickey-Fuller (DF) regression
(Equation 10). The results vary due to the impact of the

Truncation lag

Truncation lag

2 4 6 8 10 12 2 4 6 8 10 12

Australia Austria

Z(a) -393 -393 -393 -383 393 393 —805 —805 —-805 —805 —805 805

Z(ta) —-1.71 —1.87 —182 —-169 —163 -—1.61 —281 —2.81 —-283 -—-282 280 280

Z(®d,) 1.39 1.17 1.23 1.41 1.53 1.56 2.92 292 272 2.88 3.09 334

Z(®D3) 0.64 0.54 0.57 0.65 0.70 0.72 4.01 398 372 393 421 4.55
Belgium? Canada

Z(d) 0.54 0.55 0.55 0.55 0.55 0.55 —4.61 —4.61 —4.61 —4.61 —4.61 —4.61

Z(ta) —-068 -078 —-08 -078 075 074 -207 -220 —224 225 227 =227

Z(D,) 4.51 3.57 343 3.55 377 393 0.90 0.75 0.72 0.71 0.69 0.69

Z(@3) 433 343 3.29 341 3.62 3.77 1.16 0.97 0.92 092 0.89 0.89
Denmark Finland

Z(a) —3.61 —3.61 —3.61 —3.61 —3.61 —3.61 —6.68 —668 —668 —668 —668 —6.68

Z(to) —168 —177 —-176 —163 —153 —145 -227 -258 —268 —268 —258 244

Z(¢5) 1.37 1.23 1.25 1.47 1.69 1.89 1.05 0.80 0.74 0.74 0.80 0.90

Z(P3) 1.08 0.97 0.99 1.16 1.33 1.49 1.15 0.88 0.81 0.81 0.88 0.99

France Germany

Z(d) —-08 —-089 -08 —-089 —-089 —0.89 -271 —2.71 -2.71 27t —-2.71 —-271

Z(to) —0.81 -089 083 —-078 —-076 —0.75 —-165 —193 -203 -199 -189 —179

Z(¢2) 248 2.32 244 2.55 2.59 2.61 1.05 0.80 0.74 0.74 0.80 0.90

Z(¢3) 0.49 0.45 0.48 0.50 0.51 0.51 095 0.76 071 0.73 0.79 0385

Italy Japan

Z(a) —-1945 —1945 —1945 —1945 —1945 —19.45 —946 —946 —946 —-946 946 94

Z(ta) -376 —382 -388 —383 -376 371 —248 —254 260 259 260 26

Z(¢;) 5.51 499 4.64 493 5.46 6.02 2.62 231 2.09 211 2.09 2.2

Z(¢3) 7.73 7.01 6.52 6.93 7.67 8.45 3.83 3.38 3.07 3.10 3.06 292

Netherlands?® Norway?

Z(a) —0.60 —0.61 —0.61 —0.61 —0.61 —0.61 —1396 —1396 —1396 —1396 —1396 —1396

Z(ta) —-054 —-063 —061 —0.51 —-040 —-0.32 ~256 =272 -—280 277 =270 =261

Z{¢$2) 5.71 5.03 5.21 5.97 6.98 7.83 3.05 2.67 2.51 2.57 271 292

Z(¢$3) 5.88 5.17 5.37 6.14 7.19 8.06 4.12 3.60 3.40 3.48 3.67 3.94
Sweden® United Kingdom

Z(a) -~513 —-513 =513 =513 =513 -513 —-339 —-339 339 339 339 339

Z(ta) —1.85 —2.06 —-2.17 —2.23 —2.24 —222 —1.87 —2.15 —225 —223 —2.15 —2.05

Z(¢2) 0.74 0.59 0.53 0.50 0.50 0.51 0.89 0.68 0.62 0.63 0.67 0.65

Z(¢3) 0.96 0.77 0.69 0.65 0.64 0.66 0.38 0.29 0.27 0.27 0.29 0.32

United States

Z(3) —365 —365 —365 —365 —365 3.5

Z(to) —191 =212 =216 =215 =210 205

Z{¢,) 0.33 0.27 0.26 0.26 0.27 0.29

Z(3) 0.44 0.36 0.35 0.35 0.36 0.39

2QECD standardized unemployment rate.
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residual structure on the residual sum of squares in Equa-
tion 10.

Using the ®,-test of the joint hypothesis of a driftless
random walk against the general alternative Equation 10,
we can reject the null at the 5% level for Belgium, Italy and
the Netherlands (with France at the margin). However,
Table 6 reveals significant first-order (except Japan and
Italy) and fourth-order (except Japan) serial correlation in
the DF regression. In this case, the ADF regression is the
preferable framework. Accordingly, the ®F-tests suggest
that we can only reject the null for Italy and Finland. The
more restricted joint null of a random walk with fixed drift
(®7 -test) once again adds Finland to Italy as our two TS
potentiates.

Based on the ® (and ®*)-tests, the majority of OECD
countries examined appear to have DS unemployment
rates. The t(&)-test from Fuller (1976) supports this con-
clusion and emphasises the distinct behaviour of Italy.

The alternative method of testing the unit-root hypo-
thesis when our regression framework is plagued by residual
correlation is provided by the Phillips—Perron Z-tests.
Table 8 reports the full range of Z-statistics for LUR and
they are of considerabile interest. The Z (®)-tests confirm the
conclusions based on the corresponding DF ®-tests for
every country bar Finland. The Z correction suggests that
the null hypotheses for Finland cannot be rejected. The
results are also invariant to the truncation lag chosen. The
Z(%)-test (critical values from Fuller, 1976, Table 8.5.1,
p. 371, third panel) indicates that the null cannot be rejected
in any case, although Italy is marginai at the 0.05 level. The
Z(t(&))-tests confirm the results based on the t(d)-test from
Fuller (1976).

A complete range of DF and ADF tests are reported in
the appendix. For Finland, the unit root hypothesis cannot
be rejected for values of k<4. While the other countries
display some sensitivity to the value of k, overall the unit-
root hypothesis remains the plausible working model. The
ADF tests for the first difference reveal that in general, the
unit-root null is rejected.

Tentatively it is concluded that except for Italy, the unem-
ployment rates of the remaining OECD countries behave
consistently with integrated processes of order one and are
hence non-stationary over the sample period examined.
Finland’s status is questionable. In terms of our theoretical
introduction, this evidence is more consistent with the wide-
spread presence of hysteresis across the OECD block than it
is with the universality of the NRH.

VII. THE SEGMENTED TREND
ALTERNATIVE

Rappoport and Reichlin (1988) challenged the notion,
which has become widely accepted since Nelson and Plosser
published their USA findings in 1982, that macroeconomic
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time-series are difference-stationary processes (Perron,
1989, also questioned this idea). Their principal conclusion
is that ‘when the unit-root hypothesis is tested against
a segmented trend hypothesis, ie., against the hypothesis
that series are dominated by large infrequent shocks, it is
rejected for some of the series analysed. . .” (Reichlin, 1989,
p- 231).

In this section, we introduce and test this hypothesis and
gauge the results in Section V against it. We should note
that the approach is ad hoc. No formal definition of a signifi-
cant shock is advanced. Determination of the break points
becomes an ‘eye-balling’ exercise which is rather unsatisfac-
tory.

From Perron (1989), we consider three models: the ‘crash
hypothesis’ where under the null of a unit root the process is
augmented by a dummy variable which takes the value of
one only at the time of the shock, but undergoes a per-
manent intercept change following the break under the (seg-
mented) TS aiternative; the ‘changing growth’ hypothesis
which incorporates a shift in the intercept under the null,
and a change in the slope of the trend function under the
alternative; the hydrid model which allows a shock in the
level to accompany a permanent change in the growth rate.

To motivate testing, Perron (1989, p. 1380) proposes three
regressions corresponding to the three models described
above.

MODEL A:

Yi=Ar+¢ADU+ fAt+dMTB),+3dry,_,

k
+ Z étAyt—l +ét
=1
where d(TB),=1if t = T and zero otherwise, DU, =1ift > Ty
and zero otherwise, and Ty is the break quarter.
MODEL B:

k
=02+ @ DU+ BPt+9PDT* +6%y, 1+ ) &Ay,_ 1 +4,
i=1
where DT*=t— T if t > Ty and zero otherwise.
MODEL C:

Vi=AC+ DU+ fCr+5 DT +d(TB), +6Cy,_,

k
+ Z é;A)’x—x +ét

i=1

where DT, =t if t > T3 and zero otherwise.

From Perron (1989, p. 1380-81), ‘The null hypothesis of
a unit root imposes the following restriction on the true
parameters of each model: Model A, the ‘crash hypothesis’:
a*=1, =0, $*=0; Model B, the ‘breaking slope with no
crash’. ¢®=1, $#=0, f®=0; and Model C, where both
effects are allowed: 4€=1, =0, fS=0. Under the altern-
ative hypothesis of a ‘trend stationary’ process, we expect
a*, &8 aC<1; A, BB FC#0; ¢4, 4C, 7B, 7€ #0. Finally, un-
der the alternative hypothesis, d*, d€ and ¢® should be close
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Table 9. Segmented trend tests

s(é) 224

Country T Ty A i (5 ﬁ 7 d &
Model A (15): y,=ji+¢DU,+ Bt +dD(TB)+8y, -1 + 3 5=, CiAyi— 1 +6,

Australia 94 74(3) 0.31 0.06 0.13 0.001 0.23 0.86 0.06 2293
(k=6) (245) (347 (1.48) (3.16) (—3.36)

Australia 100 74(4) 0.32 0.08 0.14 0.001 —0.01 0.85 0.07 9.30
(k=6) (2.74) (3.06) {1.30) (0.14) (=3.09)

France 90 74(3) 041 0.05 0.05 0.000 0.06 0.94 0.04 24.80
k=4) (2.63) (2.31) (0.70) (1.22) (—1.82)

Finland 121 75(2) 0.41 0.07 0.08 0.001 0.14 0.87 0.09 5.23
(k=4) (2.62) (1.96) (1.33) (1.40) (—4.16)

Germany 114 73(3) 0.33 —005 0.12 0.001 0.01 0.89 0.04 2.35
(k=4) (1.93) (3.23) (2.09) {0.08) (—3.96)

Japan 122 74(1) 0.32 0.03 0.11 0.000 —0.08 0.84 0.05 3.05
k=4 2.73) (4.63) (0.15) (1.24) (—4.19)

UK 122 74(1) 0.35 0.03 0.06 0.000 —0.08 0.94 0.05 2.33
(k=4) (2.87) (2.80) (0.64) (1.38) (—3.04)

USA 120 74(4) 0.1 0.11 0.02 0.000 0.15 0.93 0.04 11.09
k=4) 2.82) (1.19) (0.27) (3.55) (—3.09)

Model B (16): y,= i+ Bl +FDT* + 8y, 1+ Y oay CibY-1+8,

Australia 96 74(3) 0.31 —0.06 0.005 —0.004 0.90 0.07 3.79
(k=4) 0.47) (3.10) {2.68) (=307

Australia 96 74(4) 0.32 —0.15 0.005 0.004 0.90 0.07 5.22
(k=6) (2.18) (3.00) (2.58) (—2.98)

France 88 74(3) 0.41 ~0.06 0.002 —0.002 1.00 0.04 1.51
(k=6) (1.13) (1.47) (1.94) (—0.07)

Finland 121 75Q2) 0.41 0.02 0.002 —0.001 0.87 0.10 8.22
(k=4) (0.83) (2.57) {0.99) (—4.02)

Germany 114 73(3) 0.33 —008 0.003 —0.002 0.94 0.09 6.48
(k=4) (2.02) (2.60) (1.47) (—2.55)

Japan 122 74(1) 0.32 —0.02 0.001 -0.001 0.95 0.06 5.44
tk=4) (0.99) (2.35) (1.60) (—1.29)

UK 122 74(1) 0.35 0.02 0.001 0.000 0.95 0.05 3.01
(k=4) (1.25) (1.70) (0.17) (—2.64)

USA 122 74(4) 0.42 0.05 0.001 —0.001 0.95 0.04 3.54
k=4) (0.1.73) (2.40) (1.85) (=227

Model C (17); y,=fi+ $DU,+ Bi+FDT;+dD(TB) +8yi-1 + Y1\ ¢ Ay- 1+,

Australia 94 74(3) 0.31 0.02 0.22 0.003 —0.002 0.22 0.86 0.06 23.26
(k=6) (0.23) (2.24) (1.43) (1.00) (3.04) (—3.39)

Australia 94 74(4) 0.32 ~0.09 0.34 0.005 —0.004 0.02 0.84 0.07 6.59
(k=6) (1.12) (3.24) (247) (2.14) 0.27) (-=3.31)

France 89 74(3) 0.41 0.04 0.10 0.000 0.000 —0.06 0.95 0.03 14.47
k=3) (0.69) (1.48) {0.04) (0.30) (1.50) (—1.49)

Finland 121 75(2) 0.41 0.05 0.13 0.001 —0.001 0.12 0.86 0.09 5.89
(k=4 (1.82) (1.62) (1.43) 0.77) (1.17) (—4.13)

Germany 114 73(3) 0.33 —0.05 0.11 0.001 0.000 0.01 0.89 0.08 2.39
(k=4) (1.16) (1.82) (1.06) 0.21) (0.08) (—3.81)

Japan 122 74(1) 0.32 0.04 0.09 0.000 0.000 —~0.0t 0.84 0.05 3.64
(k=4) (1.70) (2.41) (0.33) (0.30) (1.22) (—3.16)

UK 122 74(1) 0.35 0.05 0.03 0.000 0.000 —0.07 0.94 0.05 3.45
(k=4) (2.44) (0.91) (0.01) (0.76) (1.27) (—3.13)

USA 122 74(4) 0.40 0.08 0.05 0.005 —0.001 0.14 0.94 0.04 11.29
(k=4) (1.96) (1.85) (1.42) (1.58) (3.39) (=271)
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to zero while under the null hypothesis they are expected to
be significantly different from zero.’

Perron (1989) suggests that we employ descriptive and
graphical analysis to determine which of the three models
should be used for any specific time-series. Using graphical
evidence, the likely candidates for structural breaks are
Australia (around 1974(3)), Canada (1981(4)), Japan
(1974(4)), United States (1974(4)), United Kingdom
(1974(1)), France (1974(3)), Germany (1973(3)) and Finland
(1975(2)). Most of the possible breaks coincide with OPEC
oil shocks. The remaining countries in the study do not
exhibit graphical evidence of major structural change in
their unemployment rate series. The ad hoc nature of this
approach is exemplified by this type of casual ‘shock assess-
ment’.

The value of k is determined by significance tests (at the
10% level) on the lagged first differences. Too many lagged
terms decrease the power but not the size of the test, whereas
too few affect the size of the test. In fact, the results presented
do not depend critically on the value of K up to 8.

We test each model (A, B and C) separately for each
country. By choosing arbitrary break points and testing
sequentially, the problem of pre-testing (data-mining) is
raised. According to Perron (1989, p. 1388), we need ‘a test
for structural changes in the trend function occurring at
unknown dates.” Thus, care should be taken when interpret-
ing the results of these regressions.

We begin with the general model (C) which nests both
segmented trend hypotheses. Table 9 reports the results. The
relevant test statistic is the t-ratio (in parentheses) corres-
ponding to & (critical values are from Perron, 1989, Table
Vi.B, p. 1377). Taking note of A (the proportion of the
sample prior to the hypothesised break), the unit root null
cannot be rejected in all cases. For Australia and Japan
there is evidence of a changing mean, and for Australia and
the USA there is evidence of a significant crash (d>0).

Using Model B (see Table 9), we can only reject the null
for Finland, which confirms the results from the conven-
tional unit root tests reported earlier. If Model A 1s appro-
priate (that is, the trend function retained its slope but
changed level as the alternative to the unit root hypothesis
with a crash), our conclusions change somewhat. From
Table 9, we now reject the null for Finland and Japan. Thus,
Japan provides the sole evidence in support of the claim that
the non-rejection of the unit root hypothesis is largely due
to mis-specification of the original test regression.*

1499
VIII. CONCLUSION

We should be clear that our study does not provide a com-
petitive comparison between the unit-root hypothesis and
the alternative of stationary fluctuations around some de-
terministic (linear or breaking) trend. Even if we had re-
jected the unit-root null, we could not have concluded that
the alternative could be accepted. Moreover, even if we had
found some evidence in favour of the segmented trend
hypotheses this would not have implied that the secular
trend and the changes it undergoes is deterministic. Other-
wise, forecasting would be certain.

Further, even if the segmented trend hypothesis had em-
pirical credence, it would not negate the policy relevance of
the HH. Pagan and Wickens (1989, p. 970), in relation to
Perron’s (1989) claim that the unit root hypothesis is more
often rejected if one accounts for shifts in the mean of the
series and changes in the trend function slopes, say ‘Perhaps
this is not surprising as the unit root makes any shock
persistent and dummy variables just do the same thing’.
This amounts to a refinement of the HH. Thus, while most
policy shocks have transitory effects, a large shock can have
permanent effects.

An important qualification to our work comes from
Blough (1988), who points out that in small samples (espe-
cially frequently sampled data), trend-stationary processes
are virtually observationally equivalent to DS processes
with moving average errors (with roots close to minus one).

So while our study cannot reject the unit-root hypothesis
in general, we admit that the tests have low power against
near unit-root processes. Combining this knowledge with
the evidence that at least the unemployment rates in the
OECD countries examined are highly persistent, the results
of the study provide further evidence for the mounting case
that cyclical shocks can have long term effects on the unem-
ployment rates in many OECD countries. The tests on the
post-1960 sample thus are not inconsistent with the tenta-
tive findings for the data samples in Section III which
started in the last century.

In terms of the practical implications, a definite short
term role for policy is suggested. Well designed policies
aimed at reducing Okun losses following a negative aggreg-
ate shock can make permanent contributions to the social
welfare of the communities in question. In a practical do-
main it becomes a moot point whether the roots are unit or
near-unit.

An important point is that our results are not intended to
explain the processes at work. We have taken the first step
of measuring and providing a summary of important fea-
tures of the time-series. The task ahead for labour econom-
ists is to analyse the behavioural forces at work in more
theoretical terms.

*“The ADF test, k =4, for the residuals from the segmented trend regression for Japan was —4.16, indicating a rejection of the null that the

residuals are non-stationary.
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Table Al. Dickey—Fuller unit-root tests - LUR

W. F. Mitchell

Country T DF Trend excluded ADF*® DF Trend included ADF?

K=1 K=2 K=3 K=4 K=1 K=2 K=3 K=4
Australia 100 —-0.93 —-128 -118 —110 —1.17 —1.36 —-204 215 =250 —196
Austria 88 —-0.15 —-069 019 -—-042 056 -2.79 -279 -237 -257 -290
Belgium?® 86 —-2.70 —-209 336 —245 246 0.46 050 —-154 —123 —106
Canada 126 —046 —-127 —-145 —-135 —115 —1.74 —-285 =330 -—-324 -299
Denmark 85 —1.84 —-223 =207 -—-254 —165 -1.35 ~244 201 =256 212
Finland 125 —0.84 —-136 —-173 -226 206 —1.85 —-251 306 —428 -—392
France 94 —-1.22 —0.88 —-0.78 —1.02 —1.27 —-0.34 —1.57 —1.25 —-1.19 —1.00
Germany 118 —1.34 —141 -—-150 —132 -—121 -0.90 —285 —263 —293 255
Italy 125 -0.52 —-035 -064 —087 -—0.54 —-3.78 —328 332 —412 388
Japan 126 —-0.89 -077 -077 -—-096 —098 —2.54 —-248 228 =227 -—199
Netherlands® 85 —3.54 —-350 —-346 —3.03 284 —0.34 —~116 —-146 —132 —1.51
Norway? 85 —1.09 -059 -084 —155 -—103 —2.66 ~219 -245 323 246
Sweden® 86 —1.62 -199 -252 -28 273 —1.61 —-198 —-251 —288 266
UK 126 —0.65 —1.36 —1.31 —144 —1.39 -1.26 —291 —3.13 —3.09 —2.67
USA 126 —-1.19 —2.55 —2.35 —2.24 —1.80 —1.34 —2.92 —2.81 —2095 —242

* OECD standardized unemployment rate.

®The number of observations, 7 is for the DF regression. To derive the value of T for the ADF regression subtract k from T.

¢ Regression model is: y,=p+ay, -4 +Z',.‘=l YAy -1 +e
d Regression model is: y,=p+ft+ay, 1+ o, 2AV_1 +e

Table A2. Dickey—Fuller unit root tests - ALUR

Country T® DF Trend excluded ADF® DF Trend included ADF?

K=1 K=2 K=3 K=4 K=1 K=2 K=3 K=4
Australia 99 —689 —535 —418 —468 —487 —6.87 —533 —414 —467 —491
Austria 87 —664 —743 —484 372 349 —666 —750 —490 379 354
Belgium? 85 —493 364 291 -—-287 —3.16 —~553 —478 -366 —374 —444
Canada 125 —667 —524 —493 3502 —426 —-6.72 —532 501 —-509 -—434
Denmark 84 —-547 567 -—426 —375 —420 —-554 578 —444 373 430
Finland 124 —-787 =519 —-336 —369 —403 ~783 =516 —333 366 —393
France 93 —6.22 —608 —478 —433 —452 —620 606 —483 —444 466
Germany 117 —536 —S512 —446 —-471 =391 —534 513 444 —469 -394
Italy 124 —1322 =729 50t 564 —431 —-1322 -728 500 566 427
Japan 125 —1236 —-826 570 —530 —4.56 —12.34 -—-824 567 527 455
Netherlands® 84 —6.03 —416 336 —260 —294 —723 538 —445 357 425
Norway® 84 —1125 —636 —414 —483 —429 —~1128 —-640 —413 482 436
Sweden® 85 -776 —447 =334 314 307 —-772 —444 328 293 276
UK 125 —514 —449 —-427 457 —409 —513 —446 —426 —458 —4.09
USA 125 —-526 —5.15 512 —565 —455 —524 513 -509 —563 —4.53
2 OECD standardized unemployment rate.
See explanatory notes in Table Al. The regressions noted are in first differences.
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