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Testing for Hysteresis in Unemployment
An Unobserved Components Approach’

By A. Jaeger? and M. Parkinson3

Abstract: We suggest a new test for hysteresis in unemployment based on an unobserved compo-
fients model. Observed unemployment rates are decomposed into a natural rate component and a
¢yclical component. The impact of lagged cyclical shocks on the current natural component is the
Mmeasure of hysteresis. To identify the two components of unemployment, we assume that the cyc-
lica] compoentn is correlated with capacity utilization. The model is applied to U.S. and German
data, We find no evidence of hysteresis in U.S. data. German unemployment rates exhibit
Substantial hysteresis. A shock of 1.0 percent to the current cyclical component permanently in-
Creases future German natural rates by about 0.5 percent. For both countries, natural rate shocks
turn out to be an important impulse mechanism to explain movements in observed unemployment
Tates,

1 Introduction

Over the last 15 years, high and persistent unemployment has surfaced as the major
macroeconomic problem in many European economies (in particular in Germany,
France, Italy and the United Kingdom) as well as in Australia and Canada. In
contrast, the U.S. has experienced large swings in its unemployment rate with an
apparent tendency of observed unemployment to move back toward some relatively
stable underlying rate. By way of further contrast, Japan and some European eco-
nomies, notably Austria, Norway, Sweden, and Switzerland, have enjoyed basi-
cally stable unemployment rates over the same time period. Explaining this diver-
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sity of experience has put macroeconomic theory to a severe test, and several com-
mentators have already expressed doubt that it has met this challenge adequately
(see Blinder 1988).

As a matter of taxonomy, standard theories of unemployment suggest that high
observed unemployment can be the result of structural factors that have changed the
natural rate of unemployment or of cyclical factors that have temporarily driven un-
employment above the natural rate. The relatively low and stable inflation rates of
the 1980s are widely interpreted as casting doubt on the possibility that cyclical
factors are responsible for high unemployment rates. The pressing question then is:
Why have natural rates moved up so sharply in many countries over the last 15
years?

According to one influential view, unemployment increased because the
structural determinants of the natural rate changed. Bruno and Sachs (1985) argue
that increased ,,wage gaps“ led to upward pressure on the natural rate in many
countries during the 1970s. Layard and Nickell (1986) report that part of the in-
crease in British unemployment can be traced to changes in structural factors inclu-
ding unemployment benefits, employment protection laws, and union militancy.
Lindbeck (1985) attributes the increase in natural rates to the debilitating effects of
increased government intervention. Coe (1989) investigates Lindbeck’s hypothesis
for Canada and concludes that the increased generosity of the unemployment in-
surance system was a major cause for the rise in the natural rate during the 1970s.

The main alternative hypothesis to the structural view is based on the concept
of hysteresis in the natural rate. First applied in unambiguous terms to the labor
market by Hargreaves Heap (1980), this hypothesis postulates that the natural rate
depends on the previous history of unemployment. Three major mechanisms for
this historydependence have been suggested — the erosion of human capital due to
unemployment, a shortage of physical capital, and so called ,,insider-outsider
mechanisms associated with and so called ,,indider-outsider” mechanisms associa-
ted with wage determination. Blanchard and Summers (1986) and Gordon (1988)
find that the hysteresis hypothesis is well supported for several European countries
by empirical evidence from wage-price systems. Some supporting evidence is also
reported by Franz (1987) for Germany and Gregory (1986) for Australia. Coe
(1987) reports mixed results in a study of wage equations for 12 OECD countries.

In this paper we adopt an unobserved components (UC) approach to test for
hysteresis in unemployment. Unobserved components models have been suggested
by Watson and Engle (1983) and Harvey and Todd (1983) as flexible instruments
for extracting information from observed variables (e.g. the unemployment rate)
regarding the properties of unobservable variables (e.g. the natural unemployment
rate). Our application of UC models to labor markets is closely related to work by
Clark (1989). The basic idea in statistical terms is to disentangle the nonstationary
natural rate component and the stationary cyclical component of unemployment by
using the information contained in a variable that is correlated with the cyclical
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Component of unemployment. Preferably, the variable used to achieve the decom-
POSition should be stationary to obviate the need to decompose this variable itself
Into a stationary and nonstationary part. For this reason, we use capacity utilization
to identify the decomposition. Other variables such as Gross National Product
could be used for the decomposition. The difficulty with GNP, however, is that it
is itself nonstationary and has first to be decomposed into a stationary and nonsta-
tionary component. Regardless of the variable used to achieve the decomposition of
Unemployment into its natural and cyclical components, the measure of hysteresis
defined in this paper is given by the impact on the current natural rate of lagged cyc-
lical shocks.

We use the UC approach to provide information on the importance of
hysteresis effects relative to structural factors for explaining persistently high
unemployment. The UC approach is not a substitute for work that tries to pin down
the economic forces behind the movements in the natural rate, but it can provide a
Clue on where the search for these forces is most likely to be successful.

In the empirical section of the paper we apply the UC model to seasonally
adjusted quarterly postwar time series on unemployment rates and capacity
utilization from the U.S. and Germany, Our results indicate no evidence in favor of
hysteresis for U.S. data. For Germany, the results show that shocks to the cyclical
Component of unemployment have a substantial long term effect on the natural rate.
A shock of 1.0 percent to the current cyclical component permanently increases
future German natural rates by about 0.5 percent. For both countries, current
shocks to the natural rate turn out to be an important impulse mechanism to explain
movements in observed unemployment rates.

Section 2 outlines an operational definition of hysteresis in terms of
unobserved components of unemployment. Section 3 discusses the estimation of
the UC model. In section 4, we offer a critical appraisal of alternative approaches to
testing hysteresis from the viewpoint of the UC approach. Empirical results are
Presented in section 5, and section 6 concludes.

2 Measuring Hysteresis

Assume the unemployment rate to be the sum of a cyclical (,transitory or
»Stationary**) component, U¢, and a natural (;,permanent” or ,,nonstationary‘‘) com-
Ponent, UY,

U, =UN+UC. (1)

The cyclical component is assumed to be generated by a stationary process and
to follow an autoregressive process of order two with the suitable stationarity con-
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ditions imposed on the coefficients ¢; and ¢

UC =g US, + US| +€° (2)

The assumption of a second order autoregressive representation for the cyclical
component can easily be relaxed, but we find that second order processes typically
fit well for the unemployment data used in this paper.

The natural rate component is assumed to evolve as

UN=UN,+eN+06e,, 3)

i.e. as a random walk plus the effect of lagged shocks to the cyclical component of
unemployment. The coefficient 8 measures in percentage points by how much the
natural rate increases in all future periods if the economy experiences a 1.0 percent
cyclical shock in unemployment. Our measure of hysteresis is analogous to measu-
res of persistence in GNP (see Campbell and Mankiw 1987).

Permanent and cyclical shocks are assumed to be uncorrelated at all leads and
lags. The presence of the cyclical shock lagged once in (3) captures the notion that
hysteresis occurs if the natural rate is dependent on the history of cyclical shocks.
As a special case, the natural rate component may be constant (variance (€)) = 0
and 6 = 0). By ruling out a drift term in (3), we a priori exclude the possibility that
unemployment follows a deterministic trend. A further restriction imposed by (3) is
that permanent shocks, €Y, increase the current and all future natural rates by ex-
actly the amount of the current shock. It should be kept in mind that these assump-
tions will give one possible decomposition of unemployment in its permanent and
transitory component. Other researchers might prefer different decompositions on
an a priori basis (see Quah 1988).

Measuring hysteresis by the effect of once-lagged cyclical shocks on the
current natural rate may not capture physical and human capital channels causing
hysteresis adequately if there are long time lags involved before human or physical
capital decays. In principle, the model could be generalized by including higher lags
of the cyclical shock in (3) and by imposing a distributed lag structure on the
generalized model (e.g. a Koyck lag structure). The model as adopted in this paper
should be able to capture hysteresis effects working through insider-outsider
mechanisms in wage bargaining (see Lindbeck and Snower 1986). The insider-
outsider hypothesis asserts in its most simplified form that wages are set by
bargaining between firms and their employees (the insiders) without regard for the
unemployed (the outsiders). The employed wish to ensure to remain employed but
have no interest in ensuring the employment of the outsiders. The major implication
of the insider-outsider hypothesis is that in response to an adverse shock which
reduces employment some of the previous insiders become outsiders and the new,



Testing for Hysteresis in Unemployment 189

Smaller, group of insiders sets the wage to ensure the new lower level of
employment. Hence any given cyclical shock to unemployment will at least be
Partially permanent, raising next period’s natural rate.

3 Estimation of the Unobserved Components Model

The discussion of identification of UC models in Watson (1986) shows that the
System (1) to (3) is not identified because the cyclical and the permanent component
are neither perfectly correlated nor uncorrelated. Additional identifying information
bearing either on the cyclical or the permenent component of unemployment has to
be brought into the model. We use capacity utilization (CU;) to pick up the move-
Mments in the cyclical component of unemployment. Capacity utilization is assumed
to be stationary, an assumption that will be tested below, and to be correlated with
the cyclical component in unemployment.

To estimate the model, we write it in state space form. The transition equations
are set up as

UN 1 0 0 17 [UN,] [eN

Uc 0 0| (U< eC

ol o ¢ ,C_l L] & @)
v, 01 0 0] |US,| |0

F 0 0 0 0 |F_, 6e’

Writing out the transition equations (4) in equation form and substitution shows
that (4) is equivalent to equations (2) and (3). The measurement equations are given
by

vl
U, 1 1 0 O Uc 0
‘= R (5)
CU, 0 a(] al O UE_ 1 V[
£

The shock v, denotes a measurement error in the equation linking capacity
utilization and cyclical unemployment. The variance-covariance matrix (X) of the
three shocks is given by

oy 0 0
=0 o2 0 (6)
0 0 o?

v
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and the cyclical component but found this type of correlation to be insignificant in
our empirical work with U.S. and German data. All shocks are assumed to be un-
correlated over time and normally distributed.

The parameters to be estimated are ¢y, ¢, 6, ay, a1, 0,2\,, aé, and a“z/ We use
the Kalman filter to calculate the likelihood for observing a sample of observations
on unemployment and capacity utilization given a fixed parameter vector. Harvey
(1981, chapter 4) is a straightforward guide for setting up the prediction and upda-
ting equations of the Kalman filter. The likelihood is maximized by the method of
scoring with modified step size suggested in Berndt et. al. (1974). The program
used for estimation is written in GAUSS.

4 Alternative Approaches for Testing Hysteresis

The UC approach provides a useful perspective for a critical appraisal of other ap-
proaches for testing hysteresis. The UC approach suggests that all tests of hystere-
sis must at least implicitly disentangle the cyclical and natural component in un-
employment by using information in variables that move either with the natural or
the cyclical component. From this point of view it follows immediately that the
univariate properties of the observed unemployment series, e.g. the persistence of
unemployment, can provide no information on the existence of hysteresis effects.
High persistence of unemployment can be due either to natural rate shocks or
hysteresis effects or both.

Most authors have taken the following stylized approach for testing hysteresis
(see the discussion of Franz 1987 by Wyplosz 1987). A Phillips curve is postulated

7Ft=75f+ﬂ(U,N“Ut), @)

where ; and 77§ are the actual and expected rates of inflation. Other variables may
be included without affecting the argument. The natural rate is assumed to be de-
termined by

UN =cU,_ +bZ,. (8)

The vector Z; contains variables explaining shifts in the natural rate due to
wstructural factors“. The vector of structural factors, Z, may include changes in the
composition of the labour force by demographic and skill category (what is com-
monly referred to as ,,mismatch*) and causes of distortions in the labour market
such as unemployment replacement ratios, minimum wages, labour taxes,
employment security legislation, and social obstacles to labour mobility. Inserting
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(8) into (7) gives
7 =7 — U + BcU,_1 + BbZ, . &)

The hypothesis ¢ = 1 is taken to represent the case of a ,hysteresis economy*. To
discuss the properties of this test it is useful to rewrite (9) with the unemployment
rate as the dependent variable

U =cU1+bZ,+ (/B (7 — xf) (10)

We note the following properties of this alternative test for hysteresis:

First, the hysteresis hypothesis is a point hypothesis. It corresponds to the ex-
treme hypothesis 6 = 1 in the UC approach. Past shocks to cyclical unemployment
are assumed to be fully reflected in the natural rate.

Second, from equation (10) we see that the test ¢ = 1 is basically a unit root
test. The test does not supply a measure of the economic significance of hysteresis.
From the literature on unit roots in GNP we know that the finding of a unit root gi-
ves no indication of the economic significance of permanent shocks to GNP (see
Campbell and Mankiw 1987).

Third, the statistical distributions of the estimates from the Phillips curve ap-
Proach are presumably nonstandard. If we assume the unemployment rate to have a
unit root and b = 0, the test is biased against finding hysteresis since under the null
of ¢ = 1 the critical values for the resulting test statistic must be taken from Fuller
(1976) and not, as is usual practice, from the standard Student- distribution. Fur-
thermore, if the natural rate is in fact shifted by a vector of presumably nonsta-
liOnary variables Z,, i.e. b is different from zero, the relevant distributions of the
test statistics of the coefficients ¢ and b might also be nonstandard.

Fourth, the Phillips curve approach works by using ,,information variables*,
Z,, correlated with the natural rate. Failue to specify Z; correctly, or not at all as in
Blanchard and Summers (1986), will lead to finding hysteresis by default if un-
employment has a unit root. If Z, is correctly specified, however, the Phillips curve
approach could in principle provide the relevant information for economic policy on
Wwhat actually moved the natural rate.

S Empirical Results

The empirical analysis uses seasonally adjusted, quarterly data for the U.S. and
Germany. The sample period for the U.S. data is 1954.1 to 1989.1. Data for the
unemployment rate are from various issues of the Bureau of Labor Statistics Bulle-
tin. Data on capacity utilization are taken from various issues of the Federal Reserve
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Table 1. Augmented Dickey-Fuller (ADF) tests for unit roots2

A.) U.S. Data: 1954.1-1989.1

Unemployment Rate

Wy = .24 - 04U, + .784U__, -.22.U
T oiny 02¥t 0 (Logy®Tl (log)yto2
rRZ - .46 ADF = -2.43

Capacity Utilization

WCU,_ = 9,22 - ,11cu + .59.CU - .27.CU +
(2.89) (.04)%°1  (los) v (l10) t72
+ ,264CU - .17.:CU
(.09) 3 (log) t4
R = .34 ADF = -3.21

B. German Data: 1962.1-1989.1
Unemployment Rate

U = .04 - ,008U + 824U

t (l03) (.005)%! (.06y t7!

R% = .64 ADF = -1.02

Capacity Utilization

+ .19.CU + .32.CU

CU,_ = 8.75 - .llcu
t (.09) T o9y

(2.86) (.03)°°%
1

t-2

rR% - .18 ADF = -3.07

2 Standard errors in parentheses below coefficient estimates. Critical values for argumented Dickey-
Fuller test statistic (ADF) from Fuller (1976, p. 373) are -3.51 (1%), -2.89 (5%), and -2.58
(10%,

Bulletin. Figure la plots the U.S. unemployment rate and the mean adjusted capa-
city utilization rate. The unemployment and capacity utilization series for Germany
run from 1962.1 to 1989.1. These data are taken from OECD Main Economic
Indicators. Because the German capacity utilization series is seasonally unadjusted
Wwe have adjusted the series by Census X — 11. The German series are plotted in fi-
gure 1b. The capacity utilization series refer to the manufacturing sector, and figu-
res 1a and 1b suggest a close inverse relationship between these series and the un-
employment rates for both countries.
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Table 2. Estimates for unobserved components models

U.S.A. 1954.1 - 1989.1

Log Likelihood 76.32

Parameters 01 1.63 (.05)
@2 -.72 (.06)
8 .11 (.09
ay -.79 (.06)
a; .36 (.05)
o, = .18
op = .23
o, - .004

Likelihood Ratio Test (Null: € = Q) 2.34

Germany 1962.1 - 1989.1

Log Likelihood 82.97

Parameters ol 1.78 (.08)
o, -.83 (.07)

.50 (.30)

ag -1.38 (.26)
ay .93 (.28)
- .18
= .09
-~ .03

P
C
v

Likelihood Ratio Test (Null 8 = Q) 4.29

g
g
g
b

4 Capacity utilization has been scaled by a factor of 10. Asymptotic standard errors in parentheses.
b Distributed as Chi-Square with 1 degree of freedom under the null. Critical values are 6.63 (1%),
3.84 (5%), and 2.71 (10%).

As a first step, we test two important assumptions concerning the stationarity
properties of the variables in the UC model. Unemployment should have a unit root
in levels while capacity utilization should be stationary in levels. We test for unit
roots using augmented Dickey-Fuller tests. Starting with regressions including 6
lagged autoregressive terms, lags insignificant at the 5 percent level were eliminated
in a stepwise regression procedure starting with the highest lag. Table 1 reports the
results with only the significant lags included. The null of a unit root can not be re-
jected for the unemployment rates even at the 10 percent significance level. Capa-
city utilization measures are judged stationary at the conventional 5 percent signifi-
cance level.

We excluded a time trend from the Dickey-Fuller regressions on the
assumption that neither unemployment nor capacity utilization is deterministically
growing or falling over time. This point is important since other researchers appear
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10 assume the unemployment rate to have a deterministic trend (see e.g. Blanchard
and Quah 1988 and Clark 1989). We find the assumption of a deterministic upward
or downward trend in unemployment unattractive on an a priori basis.

Table 2 reports estimates of the parameters and test statistics for the UC model.
We first discuss the U.S. results.

The point estimate of the hysteresis coefficient 6 for the U.S. is 0.11 A likeli-
hood ratio test of the hypothesis that 8 = 0.0 cannot reject the null even at the 10
percent level. This finding suggests that hysteresis effects in the U.S. unemploy-
ment rate are neither economically important nor statistically significant. These re-
Sults are consistent with conventional wisdom in the sense that they suggest a U.S.
Natural unemployment rate that is shifted over time by structural facgtors with large
but independent movements of the actual unemployment rate around the natural
rate. In figure 2a, we plot the natural rate component of U.S. unemployment deri-
ved from smoothed Kalman filter estimates along with the actual unemployment
rate. As an aside, we note from figure 2a that by the time the Kennedy-Johnson tax
Cuts were implemented as a countercyclical measure in February 1964, the actual
rate of unemployment was already below the natural rate. By contrast, the Reagan
Economic Recovery Tax Act of 1981 introduced tax cuts which took effect in 1982,
a time when the actual unemployment rate exceeded the natural rate by more than
two percentage points.
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Fig. 2a. U.S. Actual and natural unemployment rate. 1954.1-1989.1
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The results for Germany suggest a different interpretation. The hysteresis
coefficient 6 is estimated to be about 0.50, implying that a positive 1 percent shock
in cyclical unemployment will increase future natural rates by about 0.50 percent. A
likelihood ratio test of ¢ = 0.0 rejects the null at the 5 percent significance level but
not at a 1 percent level. We conclude from these results that the evidence in a formal
statistical sense is not overwhelming but accepting the point estimate of 8 would in-
dicate substantial hysteresis in the German unemployment rate. It is important to
note, however, that hysteresis is only a partial explanation for the increase in the
German natural rate given the substantial variance of the shocks to the natural rate.
Figure 2b plots the natural and actual unemployment rate for Germany.

In both countries, a 1 percent change in cyclical unemployment is associated
with a steady state change in capacity utilization of some 4 percent. Judging from
the standard deviation of measurement error in the equation linking capacity utiliza-
tion and cyclical unemployment (o), movements in the U.S. cyclical component
appear to be much more closely related to capacity utilization than in the German
case.
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Fig. 2b. German actual and natural unemployment rate. 1962.1-1989.1



Testing for Hysteresis in Unemployment 197
6 Conclusion

We suggested in this paper a new test for hysteresis in unemployment. The obser-
ved unemployment rate is decomposed into a natural rate component and a cyclical
component. The impact of lagged cyclical shocks on the current natural component
supplies a measure of hysteresis. The empirical results for U.S. and German data
provide no evidence for hysteresis in the U.S. unemployment rate but an economi-
cally significant hysteresis effect for the German unemployment rate. A shock of
1.0 percent to the current cyclical component permanently increases future German
Natural rates by about 0.5 percent. For both countries, current shocks to the natural
rate turn out to be an important impulse mechanism to explain movements in obser-
ved unemployment rates.
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