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Abstract

Many developed countries have suffered from high unemployment

rates during the last few decades. Beyond the economic and social

consequences of this painful experience, the understanding of the mech-

anisms underlying unemployment still constitutes an important chal-

lenge. Focusing on one of its relevant determinants, we reexamine the

link between output and unemployment. We show that the difficulty of

detecting the close relationship between the two is due to a phenomenon

of non-linearity. The asymmetric feature characterizing the data refers

to a theory known as hysteresis. (JEL C22, J64)

Keywords : Hysteresis, unemployment, non-linearity, cointegration.
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Many developed countries have suffered from high unemployment rates

during the last few decades. Beyond the economic and social consequences of

this painful experience, these often dramatic records once more raise some im-

portant issues. In particular, what are the driving forces of these bewildering

processes? Does the unemployment rate actually obey an independent dynam-

ics, free from the influence of any other macroeconomic indicators? Focusing

on one of these theoretically relevant variables, we reexamine the link between

output and unemployment. As both variables are affected by the business

cycle, one should expect there exists a simple relationship between the two. It

sounds clear that a strong growth causes unemployment to fall while low or

negative growth rates are accompanied by increases in unemployment. How-

ever, the empirical assessments of this rule have been quite disappointing in

reality to understand the level of unemployment.

The first contribution on the topic goes back to Okun’s paper in 1962.

The two equations related to this work have been called Okun’s laws in the

literature. The first argues that the unemployment rate u in deviation from

its natural rate u∗ is a fraction of the output gap, the deviation of the actual

output y from its potential level y∗

(1) (u− u∗) = β (y − y∗)

The second law links the variables after first differencing

(2) �u = β (�y −�y∗)
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where�y∗ denotes the trend growth of output. Okun’s estimates claim that in

the United States an output growth of 3 percent above its potential counterpart

is required to reduce the unemployment rate by one percentage point. This

result rests on the assumption that the equilibrium level of unemployment is

about 4 percent.

Both equations are unable to explain the unemployment dynamics over the

last thirty years. As a matter of fact, a survey of the literature leads to the

following conclusions. On one hand, it seems difficult to get a suitable regres-

sion connecting the level of the two variables. On the other hand, differencing

the data is not a rewarding option since the idea of any long run relationship,

crucial to understand the unemployment level, has to be given up. On the

whole, one could be tempted to conclude that the output series is not relevant

in any way or at least, does not bring out much information concerning the

unemployment process.

Claiming then that the two series might take unrelated paths or move

away independently from each other is definitely not satisfactory. In the spirit

of a recent theory commonly known as the hysteresis paradigm, we assert

that the preceding diagnosis may be the consequence of an exclusive focus on

linear models. In technical terms, while it sounds clear that the variables in

question cannot be linearly cointegrated, they might do so in some non-linear

way. Indeed, as we discuss below, the assumption of linearity is incompatible

with the hysteresis hypothesis and we show that the output series can account

for the unemployment levels provided that we take care of the asymmetric

response of unemployment according to the sign of the output growth. A
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simple econometric model based on this general rule proves to be able to

explain the American data over the last three decades.

The outline of the paper is as follows. In the next section, we briefly

review the unemployment hysteresis paradigm. Section II presents a basic

model resulting from this theory. Section III is devoted to empirical evidence

while Section IV contains conclusions.

I. The Unemployment Hysteresis Paradigm

Since the famous paper of Milton Friedman in 1968, the economic theories

about unemployment are mainly based on the assumption of a natural or equi-

librium rate around which the actual levels are seen as temporary deviations.

However, the discrepancy between theory and reality has led the economists to

consider alternative hypotheses to account for the unemployment dynamics.

Subsequent research on the field gave rise to the hysteresis theory based on

the idea that cyclical shocks may affect the structural part of unemployment.

Thus, today’s unemployment depends fundamentally on past unemployment

rates.

From a historical angle, the use of the term hysteresis has its beginnings

in the 19th century when the physicist James Ewing employed the term to

refer to some electromagnetic phenomena which persist although their actual

causes have disappeared. In the context of unemployment,1 the origin of the

hysteresis debate can be traced back to at least some thirty years ago when Ed-

mund Phelps suggested that the natural rate of Friedman may obey the same

kind of dynamics mentioned by Ewing: past influences may be responsible for
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the actual level of the natural rate. It is arguably in 1986 that the theory

gains popularity following the paper by Olivier Blanchard and Lawrence Sum-

mers. Faced with the persistence of high unemployment in Europe during the

eighties, the authors argued that one could not understand the unemployment

levels without referring to the path of unemployment and explain this dynamic

dependence in the framework of the model of insiders-outsiders wage-setting.2

Since then, several channels through which hysteresis effects may appear have

been suggested. The models of depreciation of human capital show that long

unemployment spell reduces the chances to find a job;3 the theory of capital

shortage claims that an hysteresis phenomenon will work if there is not enough

substitution possibilities between labor and capital (Charles Bean, 1989, Har-

greaves Heap, 1980).

Due to the importance of the issue, the hysteresis hypothesis has led to a

bulk of papers aimed at assessing its empirical relevance. The approach sug-

gested by Robert Gordon (1989) results directly from the theory expounded

by Phelps. Some augmented Phillips curves are estimated in an attempt to

show that the natural rate is a function of the past unemployment rate. Fo-

cusing on the mechanism of human capital depreciation, some authors give

evidence that the shifts of the Beveridge curve can be related to the long-term

unemployment (Alan Budd et al., 1987). In a similar way, a Beveridge curve

framework has been explored to test whether in times of high unemployment

the steady-state unemployment-vacancy relation bows out from its usual loca-

tion. Besides, the hysteresis paradigm has been suggested to account for the

embarrassing fact that the unemployment series seem to behave like unit root
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processes (Jorgen Elmeskov and Maitland MacFarlan, 1993, William Mitchell,

1993). Lastly, a few studies discuss the hysteresis hypothesis in the context

of different non-linear representations such as threshold autoregressive models

(David Peel and Alan Speight, 1995) and asymmetric ARMA formulations

(Kurt Brännäs and Henry Ohlsson, 1995).4

We examine another way of detecting such a phenomenon. The intuition

results from the following scenario. Consider an economy characterized by

some unemployment rate u0 and output level y0. A recessionary shock per-

turbing the succeeding period causes the economic activity to fall (y1 < y0)

while unemployment rises to u1 (u1 > u0). When the economy stages a recov-

ery in the next period, the output returns to its initial level (y2 = y0) and the

unemployment decreases to u2 but the belief that some hysteresis mechanisms

are acting means that a part of cyclical unemployment generated by the past

depression is converted into structural unemployment involving u2 > u0. In

other words, the unemployment rate is stuck at a level above the one we would

expect by reasoning in a linear way.

In conclusion, the hysteresis hypothesis implies an asymmetric response of

unemployment according to the state of the economy. While unemployment

strongly reacts to economic downturns, it slowly decreases in case of recoveries.

This feature constitutes an important clue in the research of an hysteresis

effect. If the previous scenario is true in some way, this non-linear property

should be taken into account in the hope of explaining the unemployment

series.

6



II. A Basic Model

In an attempt to assess the earlier reasoning, it is natural to start with the

unemployment rate as a function of the real output level Yt and any other

relevant determinants captured by 5 Zt

(3) ut = ut(Yt, Zt) ,
∂ut

∂Yt

< 0

Assuming the effects of the explanatory variables after possibly transforma-

tions 6 are linear and additive, the relation becomes

(4) ut = β yt + τ ′ zt , β < 0

where β is the so-called Okun’s coefficient while τ is the vector containing the

parameters relative to zt.

Suppose now that unemployment reacts differently according to the sign

of the output growth

(5) β =




β+ if �yt > 0

β− if �yt < 0

Under the hysteresis hypothesis, we expect the coefficient relative to an eco-

nomic expansion to be smaller in absolute value than its counterpart

(6) |β+| < |β−|
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Unemployment change is therefore given by

(7) �ut = β+ I(�yt > 0)�yt + β− I(�yt < 0)�yt + τ ′ �zt

where I(�yt > 0) and I(�yt < 0) denote the indicator functions

(8)

I(�yt > 0) =



1 if �yt > 0

0 if �yt < 0
I(�yt < 0) =



0 if �yt > 0

1 if �yt < 0

As ut = u0 +
∑t−1

i=0 �ut−i , we can write

(9) ut = α+ β+ y+
t + β− y−t + τ ′ zt

where α = u0 − τ ′ z0, y
+
t =

∑t−1
i=0 I(�yt−i > 0)�yt−i, y

−
t =

∑t−1
i=0 I(�yt−i <

0)�yt−i.

Adding a stochastic disturbance to (9) to get an econometric model raises

several issues. Assuming for simplicity that the variables Zt remain constant

through time and adopting the usual stylized facts concerning the output se-

ries, that is integrated of order one, two different interpretations can be drawn

according to the characterization of the unemployment rate:

(i) regarding the latter as an integrated process,7 the model can be seen

as a cointegration relation, non-linear in the original variables ut and yt

but linear in the specific regressors appearing in (9). This interpreta-

tion requiring y+
t and y−t to be integrated of the same order than the

regressand, it can be shown that these peculiar series are intrinsically
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non-stationary as both a stochastic and a deterministic trend are part

of their dominant properties.8

(ii) on the other hand, considering the unemployment rate as stationary

leads to rewrite (9) as

(10) ut = α+ β+(y+
t − γ y−t )

where γ = −β−
β+ . This specification still constitutes a balanced equation

provided that y+
t −γ y−t defines a stationary series. This implies in partic-

ular that the respective drift of y+
t and y

−
t , denoted m

+ and m−, reflects

the parameters βs in the following way 9 m+

m− = −β−
β+ . On average, an

expansionary shock should be proportional to a recessionary downturn,

the factor of proportionality being the ratio of the two Okun’s coeffi-

cients. Such a case may be seen as the consequence of some underlying

forces such as the existence of an equilibrium of unemployment.

It is interesting to note that model (9) is able to account for some apparent

’shifts’ in the plot of common macroeconomic variables such as those under

consideration here. As an illustration, we reproduce in figure 1 the scatter plot

of US real output in logarithm and the unemployment rate, when the latter is

either the actual data or the predicted values resulting from the model fitted

(see section III). The graphs clearly show that rather than moving back along

the original path, the unemployment rate reacts in a different way whenever

output comes to decrease. Accordingly, a greater level of output is required to

restore the pre-shock unemployment level causing the mentioned ’shifts’ in the
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relation investigated. In empirical modelling, this feature is often presumed

to be the outcome of some deterministic function of time, yet such detrend-

ing methods will lead to spurious interpretations if the true structure is the

phenomenon suspected.
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Figure 1. Actual and predicted scatter plots of US output and unemployment rate.

III. Some Empirical Evidence : The American Case

The sample consists on quarterly data 10 on the US unemployment rate and

the logarithm of real GDP over the period 1970:I to 1998:IV. OLS estimates

of model (9) are

(11) ut = 6.22

(53.24)

− 13.65

(-22.96)

y+
t − 75.79

(-22.67)

y−t

R̄2 = 0.82 DW = 0.23
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where the t-statistics are found in parentheses and DW denotes the Durbin-

Watson statistic. In order to test the cointegration hypothesis, critical values

have been computed by simulations.11 The results are summarized in table 1.12

Hence, when testing the residuals for a unit root using the ADF tests, the

latter commencing with four lags and testing down, we reject the null of no

cointegration at the level of significance of 5 percent as the ADF(2) statistic

is 3.81.

The error correction representation supports the cointegration hypothesis

as the coefficient relative to the equilibrium deviation is significant at the 1

percent critical level. Below are reported the results where one lag of each

series is included in the regression whereas only the lagged unemployment

change appears to enter significantly beside the error correction term et−1

(12) �ut = −0.13
(-2.6)

et−1 + 0.56

(5.43)

�ut−1 − 1.17
(-0.43)

�y+
t−1 − 6.35

(-0.74)

�y−t−1

R̄2 = 0.41 DW = 1.94

In conclusion, the discrepancy in the Okun’s coefficients gives strong evi-

dence to the hysteresis theory. An economic expansion of more than 7 percent

is required in the United States to cut unemployment by one percentage point

in the long run while a downturn of only 1.3 percent induces an increase of

one percent.

The preceding analysis considers the unemployment rate as an integrated

process. This characterization, despite the outcome of empirical evidence, may
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not be acceptable on theoretical grounds. As mentioned above, the model

does not require a prior classification of ut in respect of I(0) or I(1) process

and claiming that this variable is actually stationary does not disrupt the

procedure provided that y+
t and y−t are cointegrated.13 In order to assess such

a condition, one may think of regressing each series on the other and test

the null of no cointegration. Substituting the residuals into (10) will yield

estimates of the Okun’s coefficients. This reasoning provides the following

results

(13) y+
t = 0.001

(0.07)

− 5.32

(-30.86)

y−t

R̄2 = 0.89 DW = 0.07

(14) ut = 6.51

(119)

− 13.65

(-22.21)

wt

R̄2 = 0.81 DW = 0.21

where wt denotes the residual issued from (13). There is little support for

cointegration. However, looking further into the series wt and ut leads to

conclude that if we do admit that ut is truly stationary, the same property

should apply to wt since the features of the two variables are very similar (see

figure 2).14 In particular, the autocorrelation functions shown in the appendix

are fairly identical.
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Figure 2. Residuals of y+
t on y−

t and actual US unemployment rate.

IV. Conclusion

The present analysis tries to restore the idea of a clear interdependence be-

tween two macroeconomic indicators, output and unemployment. In this res-

pect, this work can be seen as reviewing Okun’s law in the light of a new theory

and the resulting model as a possible reformulation of the equation suggested

by the author. Obviously, any macroeconomic approach cannot identify one

of the specific microeconomic foundations of the hysteresis paradigm. How-

ever, arguing that the non-linear feature underlying the data might not be the

expression of an hysteresis effect implies an alternative explanation of this phe-

nomenon. It is conceivable that some determinants neglected in the empirical

specification may be responsible for the asymmetry detected. In particular,

productivity shocks to aggregate supply could affect output without affecting

unemployment, or output and unemployment could even move in the same

direction. But dealing with gains in productivity usually means introducing
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some proxy in the modelling and may lead to spurious detrending. By con-

trast, the approach investigated does not rely on prior assumptions on the

cyclical and trend components of the two series. Nevertheless, while output

seems to be sufficient in itself to explain the evolution of the unemployment

rate, a more general framework could include other theoretical determinants

as explanatory variables. In this case, the model should be reinterpreted ac-

cording to the statistical properties of the additional regressors. This would

not alter the main conclusion of the paper.15
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APPENDIX

A. Statistical properties of y+
t and y−t

We shall consider here the case of a random walk process for yt. For conve-

nience, we begin by assuming normality, that is �yt = εt ∼ IN(0;σ2
ε). By

construction yt = y0 + y+
t + y−t where

(A1) y+
t =

t−1∑
i=0

I(�yt−i > 0)�yt−i =
t−1∑
i=0

ε+
t−i

(A2) y−t =
t−1∑
i=0

I(�yt−i < 0)�yt−i =
t−1∑
i=0

ε−t−i

ε+
t = max(εt, 0), ε

−
t = min(εt, 0). Well-known results on the censored normal

distribution imply that E(ε+
t ) = σε√

2 π
, V (ε+

t ) = σ2
ε

2
π−1

π
. Therefore

ε+
t ∼ iid

(
σε√
2 π
; σ2

ε

2
π−1

π

)
. Define now v+

t = ε+
t − σε√

2π
. We can write

(A3) y+
t =

t−1∑
i=0

(
v+

t−i +
σε√
2π

)
=

σε√
2π

× t+
t−1∑
i=0

v+
t−i

where v+
t ∼ iid

(
0 ; σ2

ε

2
π−1

π

)
stating that y+

t is a random walk process with

drift. Obviously, a similar argument stands for y−t but in this case the drift

coefficient is given by − σε√
2 π
.

The preceding result does not require a specific distribution. More gene-
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rally, the density function of ε+
t is given by

(A4) f(ε+
t ) =




P (εt ≤ 0) if ε+
t = 0

f(εt) if ε+
t > 0

where f(εt) denotes the density function of εt. Provided that the first two

moments truncated in zero exist

(A5) E(ε+
t ) = P (εt > 0)E(εt|εt > 0)

(A6) V (ε+
t ) = P (εt > 0)

[
E(ε2

t |εt > 0)− P (εt > 0)E2(εt|εt > 0)
]

we get ε+
t ∼ iid

(
E(ε+

t ) ; V (ε
+
t )

)
with E(ε+

t ) > E(εt) = 0. y+
t is a random

walk process with positive drift E(ε+
t ).

Generalizing further, suppose now that yt is a random walk with drift

parameter 16 m. In this case

(A7) ε+
t =




m+ εt if m+ εt > 0

0 otherwise

y+
t is a random walk process with drift m+ = E(ε+

t ) > m. Indeed

E(ε+
t ) = P (m+ εt > 0)E(m+ εt|m+ εt > 0)(A8)

E(m+ εt) = P (m+ εt < 0)E(m+ εt|m+ εt < 0) + E(ε+
t )(A9)
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hence

(A10) E(ε+
t )−m = −P (m+ εt < 0)E(m+ εt|m+ εt < 0) > 0

We conclude that when yt is a random walk process, both y+
t and y

−
t can be

considered as integrated of order one. The latter series contain a drift even if

the former does not. The sum of the drift parameters of y+
t and y

−
t respectively

is equal to the one of the original series yt, that is zero if yt is a pure random

walk or m in the more general case.

B. Autocorrelation functions of the US unemployment rate and the residuals

resulting from regressing y+
t on y−t
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Figure 3. Autocorrelation functions.

The first ten sample autocorrelations are respectively 0.946, 0.853, 0.742,

0.625, 0.512, 0.408, 0.310, 0.218, 0.141, 0.074 for the unemployment rate and

0.942, 0.868, 0.781, 0.689, 0.591, 0.499, 0.406, 0.311, 0.234, 0.163 for the resid-
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Figure 4. Partial autocorrelation functions.

uals.

C. Data source

The data come from the national government series, key indicators and have

been downloaded from Datastream. The names of the variables with their

corresponding mnemonics are

US GDP (AR) CURA (code: USGDP...B)

US IMPLICIT PRICE DEFLATOR FORGDP SADJ (code: USIPDGDPE)

US TOTAL UNEMPLOYMENT RATE SADJ (code: USUNRATEE)

All the series are seasonally adjusted. The real GDP data used in this study

are obtained by dividing the GDP series (USGDP...B) by its implicit price

deflator (USIPDGDPE).
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Notes

1In other fields of economics, hysteresis effects have been pointed out in in-

ternational trade. Richard Baldwin (1988), Baldwin and Paul Krugman (1989)

discuss this theory in the case of the exchange rate, when a change in the ex-

change rate that is later exactly reversed nonetheless leaves a long-term impact

on the trade account.

2It is assumed that employed union members, the insiders, set wages so

as to maintain just their own employment rather than so as to care for the

unemployed, the outsiders. Therefore, any adverse shocks which reduce the

number of insiders will raise unemployment in a permanent way as no tendency

to return to its previous level.

3If firms use unemployment experience itself as a screening device, then

unemployed persons with a long duration of unemployment are viewed as the

less promising candidates. On the other side, the search process long-term

unemployed may reduce their search intensity due to their discouragement as

a consequence of being so often rejected by employers.

4Note that the suspicion of non-linearities in the unemployment process

has a long history in the literature. The foundation stone is certainly due to

Salih Neftçi (1984) who suggests the same kind of asymmetric feature we shall

discuss in the paper, although the methodology as well as the purpose of the

analysis are different.
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5This definition may be seen as resulting from inverting a macro-production

function. In this respect, one may think of the capital stock, the capacity

utilization rate and the level of productivity as some of the variables appearing

in Zt.

6The transformed variables will be noted in small caps. In that way, yt is

usually the logarithm of real GDP.

7While Charles Nelson and Charles Plosser (1982) found that the unem-

ployment rate was the only time series to reject the unit root hypothesis, this

characterization seems not to be valid any more in the light of more recent

work.

8See the appendix for the case when yt is a random walk.

9As stated in (i), both series contain a deterministic trend. Therefore,

E(y+
t − γ y−t ) = (m+ + β−

β+ m−) t.

10See the appendix for the explanation of the data and the data source.

11Even though the model may be interpreted in some way as an usual coin-

tegration relation, two of the three series making up the system result from the

decomposition of the same variable. Consequently, they are strongly depen-

dent and it would be misleading into relying on critical values assuming three

independent processes as tabulated in Robert Engle and Byung Yoo (1987).

12As we might expect, the values are slightly different from those tabulated

in Engle and Clive Granger (1987), Engle and Yoo (1987). In a similar manner,
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the CRDW and DF statistics are very sensitive to the underlying data gene-

rating process while the critical values for the ADF statistics remain relatively

unchanged.

13Regressing an I(0) on two I(1) variables does not yield an unbalanced

regression in this case. To clarify this point, consider the ARI(1,1) model

�xt = ψ�xt−1+ζt rewritten as�xt = ψ1 xt−1+ψ2 xt−2+ζt where ψ1 = −ψ2 =

ψ. The existence of a cointegration relation amongst the regressors guarantees

the usual asymptotic properties of the OLS estimates (see Christopher Sims

et al., 1990).

14To make the comparison easier, figure 2 depicts the inverse residuals, that

is −(y+
t − 0.001 + 5.32 y−t ).

15Note for instance that the estimate of the model augmented by a deter-

ministic time trend as a proxy of productivity provides similar conclusions

about the discrepancy in the Okun’s coefficients.

16As yt represents the GDP series, we will consider m > 0.
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Table 1. Critical values for the no cointegration tests

ψ = 0 ψ = 0.4 ψ = 0.8

Significance level a Significance level Significance level

Statistic 1 5 10 1 5 10 1 5 10

CRDW 0.64 0.50 0.43 0.33 0.25 0.21 0.14 0.10 0.08

DF 4.51 3.91 3.58 3.55 2.89 2.65 3.98 2.84 2.34

ADF(1) 4.49 3.86 3.54 4.48 3.85 3.55 4.43 3.83 3.52

ADF(2) 4.37 3.79 3.47 4.36 3.77 3.47 4.38 3.76 3.45

ADF(4) 4.23 3.65 3.36 4.26 3.66 3.37 4.19 3.66 3.39

Notes : The critical values are computed by generating 100 observa-

tions of �yt = ψ�yt−1 + εyt, �ut = ψ�ut−1 + εut where εyt, εut are

independent standard normal, 10,000 replications. CRDW denotes

the DW statistic of the regression of ut on y+
t , y

−
t and a constant.

Noting ε̂t the OLS residual, the DF statistic is the absolute t-ratio of

the OLS estimate of ρ in �ε̂t = ρ ε̂t−1 + vt while ADF(k) refers to the

augmented regression �ε̂t = ρ ε̂t−1 +
∑k

i=1 φi �ε̂t−i + vt, k = 1, 2, 4.

Calculations were undertaken using Splus on Sun Microsystems.

a In percent.
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