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Abstract Most econometric analyses of persistence focus on the existence of non-stationary unemployment but not the origin of this. The present research contains a multivariate econometric framework for
identifying and comparing di¤erent sources of unemployment persistence (e.g. slow adjustment versus a
slowly moving equilibrium rate). The framework contains readily applicable formulas for testing di¤erent hypotheses of persistence and is used to identify the causes of this in the UK macroeconomy. The
evidence suggests that persistence has been due to a slowly moving equilibrium, driven by the price of
crude oil, and not to slow adjustment, for example as related to the process of wage formation, as has
often been emphasized.
Keywords Cointegration Equilibrium unemployment UK unemployment
persistence Unemployment hysteresis unit root hysteresis

Unemployment

JEL classi…cation C1 C32 E24

1 Introduction
Witnessing the course of European unemployment during the 1970s and through the mid-80s led economists to think about why high unemployment tends to be so persistent or prolonged - a phenomenon
which was henceforth labelled hysteresis (Blanchard and Summers 1986).1 Although the interest in the
I would like to thank two anonymous referees, Christian Groth, Marc Klemp and Søren Johansen for their valuable
comments and suggestions for improvements. Funding from Independent Research Fund Denmark is gratefully
acknowledged.
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1 As Røed (1997) notes, before Blanchard and Summers (1986) the idea of hysteresis already existed in economics. In fact Phelps (1972) used the term hysteresis. However, it was with their seminal paper that this concept
came to the fore of labor market economics. In their (widely used) terminology "hysteresis" describes a very
high (but not complete) dependence on the past, i.e. when the sum of auto-regressive coe¢ cients is close but not
necessarily equal to 1 (Blanchard and Summers 1986, Footnote 1). As has later been argued a better term for
this is persistence (see e.g. Franz 1990). However, in an empirical analytical context this often implies a failure
to reject an exact unit root in the unemployment rate (i.e., the hypothesis that the sum is exactly equal to one).
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topic may have peaked in the late 1980s/early 90s (Røed 1997), the more recent worldwide economic
crisis spurred renewed focus on the topic (see e.g. Ball 2009, Andersen 2010, Amable and Mayhew 2011,
O’Shaughnessy 2011, Delong and Summers 2012). At that time some of these economists stressed that
our understanding of the mechanisms giving rise to persistence was still limited despite the amount of
research conducted in the preceding two decades. As an example, Ball (2009) stated that , "..hysteresis
is an important phenomenon, but one that is not well understood. This means more research is needed".
Indeed, a surge of new studies emerged in the subsequent years concurrently with many European countries experiencing prolonged periods of high unemployment (see inter alia Cevik and Dibooglu 2013,
Srinivasan and Mitra 2014, García-Cintado, Romero-Ávila, and Usabiaga 2015, Blanchard, Cerutti, and
Summers 2015, Akdo¼
gan 2015, Furuoka 2016a, Furuoka 2016b, Meng, Strazicich, and Lee 2017).
Since the mid-80s a vast number of studies have accumulated (see the surveys in Røed 1997, Gustavsson and Österholm 2009, Arestis and Sawyer 2009 and more recently Furuoka 2016a and Meng et al.
2017). However, in spite of this voluminous literature, the majority of studies have focussed primarily
on detecting the empirical existence of persistence as measured by the non-stationarity of unemployment rates. In particular, following Blanchard and Summers (1986), most papers have been based on
testing for unit root non-stationarity in univariate autoregressive models for unemployment, which have
proven useful for that purpose (see Section 2). However, despite abundant evidence of unit roots in the
data, there has been surprisingly less research based on methods which aim more directly at econometrically identifying and comparing di¤erent explanations of persistence. For this purpose, multivariate or
system-based econometric modeling seems to show more promise. In spite of this, only few multivariate
econometric analyses exist (see Jacobson, Vredin, and Warne 1997, Dolado and Jimeno 1997, Hansen
and Warne 2001 and more recently Galí 2015). Nevertheless, these studies represent a great step forward
when it comes to gaining insights into the sources of unemployment persistence, which is important since
di¤erent sources have di¤erent policy implications (see e.g. Røed 1997, Andersen 2010, O’Shaughnessy
2011, Delong and Summers 2012, Blanchard et al. 2015 and Meng et al. 2017).
In light of this, the present paper has a twofold purpose: First, it is to present a general multivariate
econometric framework for analyzing and comparing di¤erent sources of unemployment persistence.
Second, it is to apply this framework in order to analyze the sources of unemployment persistence
for the UK macroeconomy.2 By nesting hypotheses of persistence in the same structural model, a main
advantage of the framework is that it allows one to distinguish between, and meaningfully compare, these
di¤erent hypotheses. In particular, it makes it possible to compare hypotheses implying a persistently
evolving equilibrium versus hypotheses implying persistence due to sluggish adjustment (e.g. Blanchard
and Summers 1986 and Lindbeck and Snower 1986).
The present framework builds on Davidson and Hall (1991) and Mosconi and Giannini (1992), and
is based on a general Structural VAR (SVAR) with exogenous variables. That is, it is represented in
block matrices, thereby applying to a wide range of generic economic models. However, in the empirical
analysis of the UK time series data, a fully speci…ed SVAR, i.e. with restrictions on the block matrices,
is used to derive and test di¤erent statistical hypotheses of unemployment persistence, in the form of
di¤erent cointegration restrictions.
The present research also relates to the studies, Jacobson et al. (1997) and Dolado and Jimeno
(1997), in that it builds on a SVAR with cointegration. However, these studies are primarily concerned
with particular hypotheses implying unit root hysteresis, whereas here, the focus is on unemployment
Therefore, this is often referred to as unit root hysteresis (see e.g. Arestis and Sawyer 2009, Papell, Murray, and
Ghiblawi 2000 and Meng, Strazicich, and Lee 2017). This is to be distinguished from what has become known as
genuine hysteresis (see e.g. Amable, Henry, Lordon, and Topol 1994 and Göcke 2002). In this terminology, the
present research relates only to (multivariate) unit root hysteresis and does not concern genuine hysteresis. I will
clarify further on the use of concepts below.
2 The persistence or "unit root hysteresis" (see Footnote 1 and further below) of the UK unemployment rate
has been studied extensively (see e.g. the references in the surveys in Røed 1997, Gustavsson and Österholm
2009, Arestis and Sawyer 2009 and more recently Furuoka 2016a and Meng et al. 2017). It appears that overall
the evidence in favor of "unit root hysteresis" remains mixed. Both the choice of methods and sample seem to
in‡uence on the conclusions.
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persistence in a more general context, and in particular on identifying and comparing di¤erent sources
of this (e.g. slow adjustment versus a slowly moving equilibrium rate).3 With reference to Footnote 1 a
clari…cation of the concepts "persistence" and "hysteresis" seems in place here: As explained in Footnote
1, the present research does not concern "genuine", i.e. non-linear, hysteresis (see e.g. Amable et al. 1994
and Göcke 2002). Rather, the focus is on persistence in the sense of "unit root hysteresis" (see Footnote
1). To be speci…c, in this paper persistence is said to be present if some of the estimated characteristic
roots, corresponding to a …tted Unrestricted VAR, are "close" to 1 (but all roots have moduli outside
the unit circle). If these "near unit roots" are not signi…cantly di¤erent from 1 (assessed by cointegration
testing etc., see Section 3.3), multivariate unit root hysteresis is thus present. As shown below, if the
researcher has a speci…ed SVAR with exogenous variables, this o¤ers a number of possible explanations
for near unit roots (persistence). Approximating these by exact roots at 1 therefore o¤ers a number of
testable statistical hypotheses of persistence, each of which amounts to a restricted CVAR.4 Although
there can be many reasons for persistence and hence unit roots (Section 2) there are in general three
overall potential reasons for persistence: slow mutual adjustment of the endogenous variables for …xed
values of the exogenous variables, persistence in the exogenous variables, or a combination of the two
(see below). In this general context, hypotheses implying unit root hysteresis, such as those in Blanchard
and Summers (1986) and Layard et al. (2005), can in general be viewed as particular hypotheses of slow
adjustment.
The SVAR considered in the empirical analysis has four endogenous variables, output prices, wages,
output, and unemployment, and one exogenous variable, the price of crude oil, in‡uencing equilibrium
unemployment via price setting. It builds on the framework laid out in Layard, Nickell and Jackman
(2005, …rst ed. in 1991), which has proven to be a viable empirically-orientated theoretical framework
for analyzing unemployment in a macroeconomic context. This framework has been widely applied to
study unemployment in the UK and other European countries and provides a broad and realistic point
of departure for the present purpose.5 In particular, it leaves room for both hypotheses of persistent
equilibrium movements and hypotheses implying slow adjustment (what the authors call hysteresis e¤ects
or persistence). When taking the SVAR to the data, the evidence clearly supports the presence of
persistent equilibrium movements, as opposed to sluggish adjustment mechanisms, as the explanation
for the persistence of UK unemployment.

The remainder of the paper is organized as follows: As a motivation for a multivariate approach
to analyzing unemployment persistence, Section 2 …rst emphasizes the systemic nature of persistence.
The general Structural VAR with exogenous variables is then introduced and represented using block
matrices, where the partitioning resembles the endogenous-exogenous dichotomy. This section analyzes
the SVAR process as relating to two sub-processes (see Mosconi and Giannini 1992): That is, the process
of the endogenous variables for …xed values of the exogenous variables, and the process of the exogenous
variables, respectively. Beyond forming the basis for the subsequent analysis, this analysis suggests a conceptual framework for systematically categorizing persistence (and the associated statistical hypotheses)
by its source, which, by construction, is not possible with univariate methods. Using the framework from
Section 2, Section 3 then considers the …ve-dimensional SVAR, and from this, derives and tests di¤erent
hypotheses of persistence against each other based on the UK macro-data. Section 4 concludes.

3 Additional important di¤erences relative to Jacobson et al. (1997) are that their analysis is based on a partial
VAR and a so-called Common-Trends approach. Moreover, in their model, equilibrium unemployment depends
on unobserved variables, whereas here all variables are observable.
4 Note that, this "cointegration approximation" in general also provides a means of robustifying the statistical
inference (see Johansen 2006 and Hoover, Juselius, and Johansen 2008).
5 See e.g. Blanchard (2006).
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2 Unemployment persistence in a multivariate context
Following Blanchard and Summers (1986), the majority of empirical analyses of unemployment persistence have been based on methods related to univariate dynamic time series models, i.e. including
unemployment only.6 The focus has been on "testing for hysteresis" in the form of unit root nonstationarity in unemployment. Many di¤erent approaches have been developed over the years. Initially,
most of them were rooted in the well-known Dickey-Fuller type tests. More recent studies have focussed
on increasing the power of unit root tests, by using various linear and non-linear panel data models (see
e.g. De Lee, Lee, and Chang 2009, p. 326, for a survey and Bakas and Papapetrou 2014, Bolat, Tiwari,
and Erdayi 2014 and Sandberg 2016, for recent applications). Today the literature also comprises many
other approaches to unit root testing such as Bayesian analyses (Vosseler 2016), Smooth Transition
models (Akdo¼
gan 2015), quantile unit root tests (Lee, Hu, Li, and Tsong 2013), Fourier unit root tests
(Cheng, Wu, Lee, and Chang 2014 and Meng et al. 2017), just to name a few. Historically, there is a
tendency that evidence of non-stationary unemployment rates is found for the EU countries while this
is not the case for US data.7 Evidence of non-stationarity is often being ascribed to mechanisms that
imply sluggishness in wage formation such as those suggested by Blanchard and Summers (1986) and
Lindbeck and Snower (1986). In contrast, when unit root tests reject in favor of stationarity this is taken
as evidence of a constant equilibrium (i.e. Natural ) rate of unemployment.
Although this literature has doubtlessly been contributing valuable insights of great importance for
the general debate and for policy guidance, it remains unclear to what extent univariate econometric
methods can be used to draw such conclusions. In particular, whether these methods can be used to
identify and compare di¤erent explanations of persistence. Given that unemployment is determined
endogenously in a complicated dynamic interaction with other macroeconomic variables (prices, wages,
GDP etc.) conditional on exogenous variables, there may be many competing explanations of persistence
and hence for …nding non-stationarity: Fundamentally, the rate of unemployment may display persistence
because it adjusts slowly (jointly with other endogenous variables) to changes in its underlying exogenous
determinants. In contrast, persistence may also be due to a slowly moving exogenous determinant of
equilibrium unemployment, even though actual unemployment may in fact be quick to adjust to changes
in such a determinant. Digging further into slow adjustment dynamics, this generally results from a slow
interaction between goods-, …nancial- and labor markets (see e.g. Section 3). The theories of Blanchard
and Summers (1986) and Lindbeck and Snower (1986) have emphasized labor markets and sluggish wage
formation, i.e. that wages respond slowly to unemployment, as a main reason for this. Other well-known
rigidities, e.g. menu costs, sticky wages and labor hoarding, as well as costs associated with adjusting
production to accommodate demand (e.g. Danziger 2008), of course also play a role in this interaction.8
Hence, even when adhering to mainstream macroeconomic reasoning many potential sources of persistence immediately suggest themselves. Nevertheless, these remain econometrically unidenti…ed within
a univariate approach. Because di¤erent sources of persistence will require di¤erent policy measures,
it seems of utmost importance that the adopted econometric method is in fact capable of identifying
the di¤erent sources. Moreover, it should provide a framework for comparing the di¤erent explanations
(hypotheses) of unemployment persistence on an equal footing, for example by nesting these in the same
statistical model. For this purpose multivariate econometric models, such as a Structural VAR (SVAR),
naturally suggest themselves.
The purpose is therefore now to present a general SVAR, which contains exogenous variables, and
which is stated in block matrices. The analysis has general applicability but also forms the basis of the
6

See e.g. the surveys in Røed (1997), Gustavsson and Österholm (2009), Arestis and Sawyer (2009) and more
recently Furuoka (2016a) and Meng et al. (2017).
7 See the survey in Røed’s paper from 1997 and for more recent examples, García-Cintado et al. (2015) and
Caporale, Gil-Alana, and Lovcha (2016).
8 In addition, the matter is even further complicated in a multivariate context, since when a unit root is
rejected, this need not be inconsistent with hypotheses of slow adjustment: For example, in open economies, other
stabilizing mechanisms, such as real wage resistance, may be present and may dominate the destabilization caused
by persistence generating mechanisms (see e.g. Carlin and Soskice 2006).
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empirical analysis in Section 3. The latter section contains the actual derivations and testing of statistical
hypotheses of persistence.
The point of departure is the SVAR with two lags for the full variable vector, xt which is p 1.9
This may be written in its Structural Error-Correction-Mechanism (ECM) form as,
A xt = mt + F xt

1

C xt

1

(1)

+ "t ;

where A is invertible and has ones on the diagonal, mt includes deterministic terms and "t N (0; );
being positive de…nite and diagonal.
The SVAR is based on a theoretical model that determines which variables are endogenous, x1t
(p1 1), and which are exogenous, x2t (p2 1), where p1 + p2 = p. Hence, using the partitioning,
xt (x01t ; x02t )0 , (1) may be written as,
A11 x1t = A12 x2t + m1t + F11 x1t
A22 x2t = m2t + F22 x2t 1 C22 x2t

1

+ F12 x2t
+ "2t :

1

C11 x1t

1

C12 x2t

1

+ "1t ;

(2)

1

See equation (18), Appendix A.1.
The theoretical model speci…es the equations for x1t , in particular, the parameter matrices, F11 and
F12 ; are usually fully speci…ed by this. In addition to unemployment, x1t could, for example, include
prices, wages, output, long-term unemployment etc., whereas the exogenous variables may comprise
unemployment bene…ts, interest rates, exchange rates, foreign prices, foreign output etc. (see e.g. Layard
et al. 2005). The reduced form corresponding to (1) is,
xt =
where

t

A

1

mt ;
x1t =
x2t =

A
1t
2t

1

F;

+
+

1

t

A

11 x1t 1
22 x2t 1

+
+

+
1

xt

1

C and
12 x2t 1
22

x2t

+

1

xt

t

A

1

1

+

(3)

t;

"t : The partitioned form of this is,

+ 11 x1t
+ 2t ;

1

+

12

x2t

1

+

1t ;

(4)

1

where the parameters, as functions of the structural parameters in (2), are given in Appendix A.1.
An economic theoretical model can in most cases be thought of as a model for the endogenous
variables given the exogenous variables, and it is assumed that this conditional model has a stable steady
state. Although a theoretical model by construction does not explain how the exogenous variables have
been generated, it is assumed here that these variables are determined in another larger system that also
has a stable steady state. The result of these assumptions is that the SVAR has a stable equilibrium,
and thus that all roots, z 2 C, of the characteristic equation corresponding to (4) or (3) have modulus,
jzj > 1 (see below). However, as mentioned, persistence means that some of these roots are "close" to
z = 1.
The characteristic equation corresponding to the full process is, det(P (z)) = 0; where the polynomial
is de…ned as, P (z) I(1 z)
z
z)z; z 2 C: Due to the endogenous-exogenous dichotomy
1 (1
this splits into the product,
det(P1 (z)) det(P2 (z)) = 0;
(5)
where, P1 (z) Ip1 (1 z)
z)z and P2 (z) Ip2 (1 z)
z)z; z 2 C.
11 z
11 (1
22 z
22 (1
Hence, for the given structural model, all roots corresponding to the full system, and hence, all potential
sources of unemployment persistence, can be analyzed based on the union of the roots, respectively of
det(P1 (z)) = 0 and det(P2 (z)) = 0 (see below).
The dichotomous partitioning in (5) re‡ects that one can think of the full process xt ; in particular
the endogenous variables, as being related to two processes: The …rst may be termed the counterfactual
9

All results generalize straigthforwardly with more lags.
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x1 -process (denoted xc1t henceforth). This is the process that would result if, counterfactually, the x2 process, were to be …xed at some level. The second process is simply the exogenous x2 -process given by
the second block line in (4).
The counterfactual process can be written as,

xc1t =

11 x1t 1

+

11

x1t

1

+ D1t +

1t ;

(6)

where D1t is constant (see equation 4), and from which it appears that P1 (z) in (5) is the corresponding
characteristic polynomial (Mosconi and Giannini 1992). The other polynomial, P2 (z); is the characteristic
polynomial corresponding to the exogenous x2 -process.
Fundamentally, these two processes or sub-systems represent two pure sources of persistence in the
system of the endogenous variables and thus in unemployment: That is, roots of P1 (z) close to 1 re‡ect
slow mutual adjustment (towards steady state) between the endogenous variables. If no other roots of (5)
are close to unity, this can be referred to as the case of (pure) slow adjustment. In contrast, if the only roots
of (5) that are close to 1, are roots of P2 (z), this mirrors sluggishly evolving exogenous variables. In the
context of unemployment the latter type of persistence may be denoted (pure) equilibrium persistence,
to signify that the persistence of the endogenous variables originates from slowly evolving exogenous
determinants of equilibrium unemployment.
The division into the two sub-systems thus implies that, for any economic model, as comprised by
the very broad range of models nested in (2), unemployment persistence will always originate from either
pure slow adjustment, pure equilibrium persistence, or a combination. Hence, this suggests a threefold
categorization of unemployment persistence. However, when formulating the corresponding statistical
hypotheses about persistence, a further distinction can be made. In particular, since these hypotheses
are based on approximating the roots that are close to unity by exact unit roots, i.e. z = 1; this means
that the variables are assumed to be integrated, i.e. xt
I(d), d being the order of integration, and in
the multivariate case, possibly cointegrated (see Johansen 1996).10 ;11 Here, d is at most 2, since this
is su¢ cient for the majority of macroeconomic applications (see e.g. Juselius 2006). Hence, a further
distinction that can be made is with respect to the order of integration of the processes, xc1t and x2t :
An advantage of making this distinction is that the choice of the statistical methods depends on what
approximation, say, d = 1 or d = 2; seems to be the most appropriate given the data at hand. In addition,
to some extent a higher order of integration corresponds to an increasing degree of persistence.12
Table 1 summarizes the above analysis as an overall taxonomy or conceptual framework for classifying
persistence (and the associated statistical hypotheses), by its type and "degree" (i.e. order of integration).
As the table shows, in practice one can distinguish between eight cases of persistence, each of which
corresponds to a class of testable parameter restrictions, that is, a class of restricted CVARs for xt .

1 0 An example, for which this approximation is also derived explicitly form a theoretical model (as below), see
Møller and Sharp (2013) or Klemp and Møller (2015).
1 1 Recalling that the remaining roots obey jzj > 1:
1 2 For example, often I(2) seems to be a useful statistical approximation for time series of nominal prices and
wages whose time plots are very smooth or slowly changing.
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Table 1: A taxonomy for classifying statistical hypotheses of persistence, according to the source of persistence (slow
adjustment or equilibrium persistence). Each case represents a class of restricted CVARs corresponding to a speci…c
type of persistence.

Exo. sub-system, x2
I(0)
I(1)
I(2)

I(0)
No persistence

Counterfactual sub-system, xc1
I(1)
I

I(2)
VIII

(sta tio n a rity )

P u re slow a d ju stm e nt, I(1 )

P u re slow a d ju stm e nt, I(2 )

II

III

VII

IV

V

VI

P u re e q u il. p e rs., I(1 )
P u re e q u il. p e rs., I(2 )

Given evidence of persistence, any economic model which can be written as a special case of the
SVAR, (2), will o¤er a number of explanations for this, each of which fall into one of the categories in
the table (see e.g. Section 3). Although general, the table should, to some extent, provide an overview
of the relationship between unit root non-stationarity on the one hand, and hypotheses of persistence
as implied by theoretical models, on the other. As an example, consider the Cases II and IV. In these
cases there are no roots of P1 (z) that are close to 1, but rather, it is the roots of P2 (z) that are close
to one, and hence approximated by z = 1: Moreover, conditions preclude xt
I(2) in Case II and
xt
I(3) in Case II (see Møller 2013). Hence, these cases of pure equilibrium persistence may imply
a non-stationary unemployment rate, but they have nothing to do with the restrictions implied by the
wage formation-based theories of unit root hysteresis, or any other hypothesis of slow adjustment. In
contrast, all of the remaining cases involve slow adjustment, and in Cases I and VIII, this is the only
source of persistence in unemployment.13 In other words, these classes of CVARs are compatible with
the hypotheses suggested by Blanchard and Summers (1986) and Lindbeck and Snower (1986), but, as
mentioned, models with various sorts of rigidities, such as menu costs, labor hoarding, costs of adjusting
production to accommodate demand (e.g. Danziger 2008) and real wage resistance etc. (Layard et al. 2005
and Carlin and Soskice 2006), also …t into this group. In contrast, an example of equilibrium persistence,
whose pure form corresponds to Cases II and IV, could be a persistently evolving replacement ratio, which
is sometimes assumed to be an exogenous determinant of the natural rate of unemployment. In general,
a distinguishing property between the CVAR classes corresponding to the pure cases of equilibrium
persistence and slow adjustment, respectively, is that, only in the latter case, even temporary changes
in the exogenous variables and shocks to the equations will have permanent in‡uence, i.e. in practice,
"in‡uence long after they have disappeared".
Note that in the "pure" cases, I, II, IV and VIII, the order of integration for the full process, xt ;
is simply the order of integration for the sub-process, xc1t or x2t , with the highest order. This has
been signi…ed in the table. However, in the remaining (combined) cases, xt can have a higher order of
integration than those of xc1t and x2t , and further conditions on the parameters need to be imposed
to ensure xt
I(1) or xt
I(2), see e.g. Møller (2013). For example, xt
I(2) may arise in Case III,
which was shown generally in Mosconi and Giannini (1992). Although complicated, such cases may be
relevant for the present economic context. In particular, often exogenous determinants of equilibrium
unemployment are real variables which can be approximated by I(1). At the same time nominal variables
such as prices and wages can typically be described as I(2). In principle, such an empirical …nding could
be consistent with wage formation-based theories of unit root hysteresis which imply I(1) in xc1t .
As mentioned each case corresponds to a class of testable parameter restrictions, that is, a class
of restricted CVARs for the full process, xt . Using the respective assumptions about xc1t and x2t that
e¤ectively de…ne each of the cases, it is possible to derive the general block matrix representations of
these CVARs based on the structural block matrices. This was done in Møller (2013) for the Cases I-III.
1 3 In these remaining cases it is thus the roots of P (z) that are approximated by z = 1 and parameter restrictions
1
ensure that xc1t obeys I(1) or I(2), for the second and third column of the table respectively, etc. (see Møller 2013).
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However, as shown ibid., the block matrix algebra quickly becomes involved. Since in practice a SVAR
is fully speci…ed, a considerably simpler approach can be adopted as shown below in Section 3.3.

3 An application to the UK data
The purpose is now to use the above framework as a platform for analyzing the causes of unemployment
persistence for the UK macroeconomy, for the period 1988 (…rst quarter) - 2006 (fourth quarter). The
analysis will be based on a fully speci…ed SVAR, i.e. for which the block matrices are restricted by economic theory, in order to formulate and test di¤erent concrete hypotheses of unemployment persistence,
among these the hypotheses based sluggish wage-formation. The reason for the chosen sample is that
this is the period for which it was possible to maintain a statistically well-speci…ed model, implying
the absence of any signi…cant structural breaks.14 ;15 As expected, the …nancial crisis seems to imply a
substantial amount of parameter instability. Moreover, there is some indication that for the period from
2007, changes in oil prices cannot be assumed to be exogenous any longer. A full analysis including this
later period would therefore require a di¤erent and more comprehensive model and is therefore better
left as a separate analysis for future research.
The SVAR builds on a small macroeconomic model containing four endogenous variables: prices,
wages, output and unemployment, and one exogenous variable, the price of crude oil, which in‡uences
equilibrium unemployment via price setting (see below). The exogeneity captures that UK oil supply
and demand is not big enough to in‡uence the world price of crude oil. The overall structure of the
model builds on the framework presented in the book Layard, Nickell and Jackman (2005, …rst ed.
in 1991). This framework (henceforth the LNJ framework ) has had a great in‡uence on the work of
applied macroeconomists and has often been regarded as a key reference representing the consensus
view on European unemployment (e.g. Blanchard 2006 and Holden and Nymoen 2002). Moreover, the
book provided the theoretical underpinnings of the policy recommendations in the in‡uential OECD
Jobs Study from 1994 (see Mitchell and Muysken 2008, p. 72). Hence, the LNJ framework seems to be
a practically relevant point of departure to build on.

3.1 A SVAR for UK unemployment
The equations (8) through (11) below are consistent with a general equilibrium model of unemployment
building on aggregate supply and demand, imperfect competition and adaptive expectations. On the
supply side goods markets are characterized by monopolistic competition, and unions and …rms bargain
over wages in the labor markets. The demand side can be interpreted as a reduced form IS-Taylor Rule
system. The short-run equilibrium is de…ned by the goods market equilibrium, whereas the long-run
equilibrium (steady state), in addition, involves labor market equilibrium.16
1 4 For this period the assumption of constant long-run parameters was supported by the recursively estimated
log-likelihood maximum in the R-form (see e.g. Juselius 2006). Both forward recursive estimation (to assess
constancy from the middle to the end of the sample) and backward recursive estimation (to assess constancy from
the beginning to the middle of the sample) were performed. The recursive estimation results can be obtained
upon request. Finally, only two dummy variables were needed: An unrestricted impulse dummy (being equal to
1 in 1999:01 and zero otherwise) and a transitory dummy variable being 1 in 2001:01 and -1 in 2001:02 and zero
otherwise. Note that an unrestricted impulse takes account of a break/level shift in the variables that nevertheless
cancels in the cointegration relations.
1 5 Note that, as already pointed out in Blanchard and Summers (1986) persistence is not only associated with
recessions and depressions, but also seems to characterize "normal times". Hence, it still seems reasonable to
analyze the persistence phenomena based on a sample that excludes the crisis.
1 6 For this type of model, the latter is not unique and is often referred to as a medium-run and not a long-run
equilibrium. A "true" unique long-run equilibrium (steady state) would additionally entail a constant net-foreign
asset-to-income ratio to ensure external balance (see Carlin and Soskice 1990, Layard et al. 2005, Carlin and
Soskice 2006, Groth 2009). However, to keep this analysis simple this is disregarded here.
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At any given point in time, capital, technology, and expectations are given. Based on the expected
aggregate levels of price and demand, monopolistically competitive …rms choose a price and plan production in order to maximize expected short-run pro…ts. The chosen price is realized, and stays …xed
within the period due to positive costs associated with changing it. Given a realization of an aggregate
demand shock, a level of aggregate demand will result at this price level. It is assumed that actual production accommodates this level fully. Given output, actual employment can then be determined from
the production function. This determines actual unemployment since the labor force by assumption is
given. Finally, unemployment and prices impact on nominal wage setting.
To elaborate, …rms set prices as a markup over expected marginal costs. The markup is allowed to
depend on activity and crude oil prices. The latter assumption is a shortcut of modeling the role of oil
prices.17 Note that the model could be extended here, for example by letting the markup depend on
foreign manufacturing prices, in addition to oil prices. It is assumed that the marginal product of labor
is constant, which implies the aggregate production function,
(7)

yt = at + nt + "yt ;

where yt is the logarithm of output, nt is the logarithm of employment and where the (logarithmic)
technological state is described by an unsystematic component, "yt ; and a deterministic labor augmenting
part, at ; evolving as at = gA t with gA > 0. Log-linear relations are assumed throughout and these should
be interpreted as log-linear approximations, made around an underlying stable and unique steady state
similar to that described in Footnote 16. Hence, as in (7) all variables in the following are stated in
logarithms. The assumption of constant marginal returns captures that "under normal circumstances"
the average utilization of capital is su¢ ciently below the capacity limit, so that for a realistic range
of variation in employment the marginal product does not diminish. Excess capacity on average is a
reasonable assumption for many reasons. For example, it could represent an equilibrium state because
…rms use it to deter entrance (Fudenberg and Tirole 1983). Under this assumption the capital stock
does not in‡uence marginal costs and thus price setting. This is an advantage, both because it simpli…es
dynamics and since, as is well-known, capital stock data are in general of dubious quality. The aggregate
pricing relation can therefore be written as,
pt =

0

+

gA t + ztp +
o
4 pt 2

+

1 yt 1

5 wt 1

+

+

21 ut 1

6 wt 2

+

+

22 ut 2

1 pt 1

+

+

2 pt 2

o
3 pt 1

(8)

+ "pt ;

where p is aggregate output price, w denotes wages, u is unemployment and po ; the price of crude oil
(all in logs). The autoregressive terms (i.e. 1 pt 1 + 2 pt 2 ) in this equation, and similar terms in the
subsequent equations, have been added to make the dynamics of adjustment more ‡exible (realistic). It
is assumed that 1 + 2 6= 1 (similar conditions hold for the equations below). The LNJ framework is
not speci…c about how activity will in‡uence the price markup and in the present analysis both output
and unemployment enter. Although po could enter the other equations below, for example aggregate
demand and wage setting, in order to keep it simple, this is not considered here. The rationale behind
the lagged e¤ect of po on p in relation (8) could be adaptive expectations, which is how the nominal
wage rate enters. However, since the present exposition is merely a short-cut of including oil prices,
+
there is no speci…c prior with respect to the coe¢ cients 3 and 4 ; other than 1 3 1 4 2 > 0, and
following Layard et al. (2005), there are no prior restrictions on the signs of 1 and 21 + 22 : The term,
ztp + "pt ; captures the (combined) in‡uence from various exogenous unmodeled variables, where "pt is an
unsystematic stochastic error term, while ztp accounts for the more systematic changes in such variables.
In the empirical implementation the latter will be approximated by some expression of deterministic
components (e.g. impulse dummies, trends and level shift dummies etc.). Similar terms are added to the
equations for the other observable variables below.
The relation in (8) determines pt and can be referred to as the short-run Price Setting relation (PS),
to be distinguished from the long-run PS relation obtained when expectations are correct, as implied by
17

See for example Blanchard (2000).
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a long-run equilibrium. It is the latter relation that is usually referred to as the Price Setting relation or
feasible real wage.
In the next step output, yt ; is determined according to,
yt =

1

+ ztd +

2 pt

+

3 pt 1

+

4 pt 2

+

3 yt 1

+

4 yt 2

(9)

+ "dt ;

This is the Aggregate Demand (AD) relation for which some dynamics have been added. It is a short-cut
to be interpreted roughly as the reduced form that results from an IS relation and a simple Taylor Rule,
the latter of which is based on trend-adjusted output and in‡ation relative to some target. It allows for
an e¤ect from both the price level, through the real exchange rate (IS), and the in‡ation rate, working
through the Taylor Rule and the real interest rate. The long-run level e¤ect is thus expected to be
negative, whereas the sign of the latter in‡ation rate (short-run) e¤ect is indeterminate. The term, ztd ;
may include trends and dummy variables proxying the unobserved (or unmodeled) exogenous variables
that shift the Taylor Rule and the IS relation (see Layard et al. 2005).
When production is determined from (9), the production function, (7), gives the required amount of
labor input, which in turn will be actual employment since …rms have the right to manage. Using the
de…nition of unemployment, assuming that the labor force is exogenous, and using (7) to eliminate nt ;
it follows that,
ut =

0

+ ztu +

1 yt

+

2 yt 1

+

3 yt 2

+

5 ut 1

+

6 ut 2

(10)

+ "yt ;

where again some further adjustment has been added and where changes (trend-like and discrete shifts)
in the size of the labor force, in aggregate capital and hours of work, as well as at (and shifts in at ), are
potentially captured by ztu . It is assumed that 11 + 52 + 63 < 0.
Finally, the nominal wage, wt ; is determined. Wage formation is a central part of the LNJ framework
and is where the hypotheses of unemployment persistence, i.e. their "hysteresis e¤ects", appear. Wages
are determined according to the short-run Wage-Setting (WS) relation,
wt = ! 0 + ztw + ! 1 wt

1

+ ! 2 wt

2

+ ! 3 ut + ! 4 ut

1

+ ! 5 pt

1

+ ! 6 pt

2

+ "wt ;

(11)

where ! 1 +! 2 6= 1 and where ztw may include changes in various "exogenous wage pressure variables" e.g.
union power, and exogenous movements in the (expected) replacement ratio (Layard et al. (2005) eq. 21,
3 +! 4
p. 202). It is assumed that, 1 !!
< 0; for unemployment to have a stabilizing e¤ect on the system.
1 !2
However, this term may be close to zero, which is exactly what this kind of hypotheses of unemployment
persistence or hysteresis e¤ects mean. The LNJ framework emphasizes two dominating of such hypotheses: The …rst is the insider-outsider theory, claiming that when workers are …red, the remaining employed
workers increase their wage targets, and that due to e.g. collective agreement contracts the unemployed
cannot underbid to get their jobs back (Blanchard and Summers 1986, Lindbeck and Snower 1986).
The other hypothesis asserts that when total unemployment increases, so does its share of long-term
unemployed, and this attenuates the downward pressure on wage in‡ation from higher unemployment
needed to bring down unemployment again (Layard and Nickell 1987). In the present context, both of
these hypotheses imply that, ! 3 + ! 4 = 0, as an approximation.18
Based on the empirical evidence below it is assumed that oil prices can be described by the following
autoregressive model,
(12)
pot = 1 + zto + 2 pot 1 + 3 pot 2 + "ot ;
where zto re‡ects the major exogenous oil shocks (see e.g. Blanchard and Galí 2007).
This completes the description of the structural VAR model. The next sections consider the hypotheses of unemployment persistence that can be derived from this model.
1 8 An alternative approach to modelling the wage-unemployment dynamics could be to assume the presence of a
threshold for (absolute) unemployment changes below which wages do not react at all. Only when unemployment
changes exceed this threshold, su¢ cient wage pressure will occur and wages begin to react. In the present context
such an extension could built on threshold cointegration (see e.g. Balke and Fomby 1997), with non-stationarity
implied by, ! 3 + ! 4 = 0, but only within a band (below the threshold). However, such an analysis is beyond
the scope of this study and is thus better left as a separate analysis for future research. Nevertheless, I am still
grateful to an anonymous referee for pointing this out.
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3.2 The hypothetical sources of persistence
The SVAR de…ned by the equations (8) through (12) can be written as the SECM for the full process,
i.e. (1), with the matrices de…ned in Appendix A.2. From these matrices the partitioned matrices,
A11 ; A12 ; ; ::::C22 ; (see (2)) may be read o¤ immediately and the reduced form parameters of (4) can
be computed, using the formulae in (19). The partitioned reduced form parameters can then be used to
compute the characteristic polynomials corresponding to the counterfactual process and the exogenous
x2 -process, i.e. P1 (z) and P2 (z); respectively (see equation 5).
To analyze the di¤erent cases of persistence that this macroeconomic model generates, consider the
dichotomous partitioning corresponding to (5). As discussed above, persistence implies characteristic
roots, z; close to 1, which may be tested as the parameter restrictions that imply exact unit roots,
i.e. as det(P (1)) = 0 or det(P1 (1)) det(P2 (1)) = 0: Calculating this parameter restriction based on the
partitioned matrices as implied by the matrices in Appendix A.2 leads to a cumbersome expression.
However, this may be stated in a simpler way by introducing a notation based on accumulated dynamic multipliers. The notation is found in Table 5 in Appendix A.2, where Mx;y denotes the partial
accumulated (multiplier) e¤ect on variable x from variable y. Based on this, the unit root restriction,
det(P1 (1)) det(P2 (1)) = 0; for this model becomes,

([Mp;y + (Mp;u + Mp;w Mw;u )Mu;y ]My;p + Mp;w Mw;p
|
{z
det(P1 (1))

1)(
}|

2

+

3

{z

det(P2 (1))

1) = 0:
}

(13)

What may …rst be noted is that, in contrast to its univariate counterpart,
1 = 0; where is the sum of
the autoregressive parameters in an AR model, this equation is a complicated expression depending on
many parameters. Here, this re‡ects the fact that in a dynamic equation system, slow adjustment may
come from many sources. In particular, note that the wage formation-based hypotheses of unemployment
persistence only concern the parameter, Mw;u , which constitute but a small part of the overall restriction,
det(P1 (1)) = 0. Equation (13) also shows how slow adjustment in the system is related to nominal wage
rigidity (sticky wages), Mw;p = 0; rigidity in prices, for example, Mp;w = 0; excessive labor hoarding
e¤ects, i.e. that unemployment is very slow to adjust to output (Mu;y = 0). Hence, even within the
framework of the simple structural model, (8) through (12), there are several sources of persistence.
However, given price-wage homogeneity, which is assumed in most applications, the expression does
have a simpler interpretation. Homogeneity, is de…ned by the restrictions Mp;w = 1 and Mw;p = 1; and
these imply that, the …rst term in (13), det(P1 (1)); reduces to [Mp;y + (Mp;u + Mp;w Mw;u )Mu;y ]My;p :
This is a price-quantity interaction term consisting of a product of two terms: My;p the accumulated
multiplier e¤ect from prices on output, and [Mp;y + (Mp;u + Mp;w Mw;u )Mu;y ] which is the total e¤ect of
output on prices consisting of the sum of the direct e¤ect, Mp;y ; and the indirect e¤ect which propagates
through the system, starting by a¤ecting unemployment (Mu;y ) which, in turn, a¤ects prices directly
(Mp;u ) and indirectly e¤ect via wages (Mp;w Mw;u ). Under homogeneity it is thus reasonably clear why
slow adjustment may occur: Either prices have no e¤ect on output and/or vice versa. This expression
also shows that even under homogeneity the unit root hysteresis hypotheses, implying Mw;u = 0; are in
general not su¢ cient for a non-stationary unemployment rate. It appears that what is needed for this to
be the case is "a ‡at PS curve", i.e. that price setting is independent of activity (Mp;y = Mp;u Mu;y ):
For this SVAR, equilibrium persistence results when 2 + 3 1 = 0. When this is the case oil prices
are I(1) and unemployment will inherit this I(1) stochastic trend (non-stationarity) via equilibrium
unemployment. The interpretation is that non-stationary oil prices will make the (trend adjusted) PS
curve shift up and down (in unemployment real wage space) in a non-stationary (i.e. I(1)) manner, which
will translate into non-stationarity of equilibrium unemployment. How strongly this non-stationarity will
transmit into unemployment also depends on the slope of the WS relation, as well as on the extent of
slow adjustment. This is fully explicated below.

12

3.3 Testing the statistical hypotheses of persistence against the UK data
Based on the model above, the purpose is now to derive and test some of the implied persistence
hypotheses, i.e. restricted CVARs, against each other. The focus will be on testing whether the persistence
of UK unemployment for this period, is consistent with slow adjustment, or whether this has been due to
a slowly changing equilibrium rate of unemployment (equilibrium persistence). Moreover, it will also be
assessed whether there is any support to slow adjustment of the form based on sluggish wage formation.
The data are described in Table 6 in Appendix A.2.19 The analysis of the Unrestricted VAR (UVAR),
which is used as the statistical model below, suggested that oil prices can be assumed to be both
exogenous and I(1). Moreover, this I(1) stochastic trend together with linear deterministic trends and a
single break (1999, …rst quarter) seems su¢ cient as a description of the non-stationarity. I.e. there are
no signs of explosive roots (i.e. with jzj < 1), and it is furthermore reasonable to disregard I(2). Hence,
in the following, the focus will be on testing a special case of Case II versus special cases of Case III, for
which the I(1) condition for xt is ful…lled.20
The econometric analysis is conducted in the following way: A given case or hypothesis of persistence
is …rst formulated as a parameter restriction, which imply that, det(P1 (1)) = 0 and/or det(P2 (1)) = 0;
depending on the considered case (see below). From (5) this implies that det(P (1)) = 0; and hence that,
det( ) = 0, so that
in (3) has reduced rank, r < p: As shown in Johansen (1996), in general when
has reduced rank, r, this can be parameterized as,
=

0

;

(14)

where is the adjustment matrix and the cointegrating matrix both p r of rank r, but otherwise
unrestricted. Therefore, a given hypothesis of persistence will imply constrained values of r; and ;
which may be denoted, rc ; c and c : To compute c and c one can …rst compute c ; which is
under the restriction det(P (1)) = 0: Then the value of rc follows and one can compute c as a column
0
1
basis of c : From this one can de…ne c
; which ful…ll 0c c = Irc ; (see Johansen 1996, p.
c( c c)
0
49). Pre-multiplying c on both sides of the restricted version of (14) implies that c can be found as,
0
21
c = c c : Subsequently, one may change the normalization of c and c .
In order to test the statistical hypothesis of persistence, one starts with the inference on rc and
if r = rc seems empirically supported one can proceed to testing c and c : In particular, one …rst
identi…es the I(1) model, H(rc ); which is de…ned by (3) with (14) imposed with and both p rc but
otherwise freely varying elements. H(rc ) is a sub-model of the UVAR, i.e. (3) with no restrictions on the
parameters, and the persistence restriction, = c and = c ; de…nes, in turn, a sub-model of H(rc ):
Therefore, H(rc ) is tested against the UVAR, and if not rejected, the restrictions, = c and = c ;
are tested in H(rc ) subsequently.
To maintain statistically valid inference on rc or H(rc ) and eventually, c and c ; a statistically
adequate UVAR was therefore …rst speci…ed based on residual-based misspeci…cation tests. These are
reported in Table 7 in Appendix A.2. Overall they are satisfactory. The most important hypothesis
about the error term, namely no autocorrelation, can be accepted as indicated by the p-value (=0.167)
for error autocorrelation of order 1 through 5. There is a mild rejection of the assumption of Normally
distributed errors (p-value 0.019) which can be explained by the non-Normality of the oil price errors.
Since the latter is in turn the result of excess kurtosis rather than skewness, this is likely to be of minor
importance (Juselius (2006)). Finally, there is also no indication of heteroschedasticity as the p-value for
the corresponding test is 0.195.
Given a statistically satisfactory model, the Johansen trace test and other relevant aspects of the
estimated model, e.g. the estimated modulus of the characteristic roots, the graphs of the cointegrating
1 9 All estimation is based on PcGive, OxMetrics 6.10 and CATS in RATS (see Doornik and Hendry 1998, Doornik
2010 and Dennis, Hansen, and Juselius 2006, respectively).
2 0 This particular condition is analyzed in detail in Møller (2013).
2 1 See Johansen (1996), on normalization in general. Here, the normalization of the cointegrating matrix has
simply been chosen for computational ease.
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relations and the signi…cance of individual coe¢ cients in b ; were used to determine the value r.22 As usual
there was some uncertainty related to that but it seems safe to claim that a cointegration rank of r = 3
or r = 4 was clearly supported by the evidence. In particular, applying the usual "top-down approach"
to the trace test (i.e. starting with the most restricted model with r = 0; p r = 5 unit roots), this quite
clearly pointed to r = 3 (p=0.9). However, two of the individual adjustment coe¢ cients corresponding
to a fourth cointegrating relation had relatively large t-ratios, to some extent suggesting the stationarity
of a fourth relation, in other words r = 4. As seen below r = 3 or r = 4 are reduced ranks consistent
with the particular hypotheses of persistence.
The tables in the following report the likelihood ratio test statistic (and its p-value) corresponding to
the restriction, = c and = c ; in H(rc ), for the respective cases. The estimates of c and c are also
given, and in light of these the identi…cation of the structural parameters is considered. Note however
that, the purpose of the present analysis is not to identify speci…c structural parameters, as such, but
rather to identify the joint persistence restrictions. Finally, note also that, insigni…cant coe¢ cients in b c
and b c were removed subsequently.
3.3.1 Testing for slow adjustment of a general form

0
Table 2 reports the p-value and the estimates, b c and b c corresponding to the general restriction of
slow adjustment, i.e. det(P1 (1)) = 0 in (13). Note that, b has been augmented with the trend term.23
Also, note that price-wage homogeneity is not imposed, since this is not necessary for persistence to
occur. Clearly, homogeneity could be imposed in a given application, but this is not likely to change the
conclusions. This hypothesis is a special case of Case III: The restrictions are strongly rejected with a
p-value of less than 0.1%.

Table 2: Testing slow adjustment of the general from, det(P1 (1)) = 0; in equation 13 (a special case of Case III):
The likelihood ratio test, with p-value and estimates of c and c , of the corresponding CVAR against an unrestricted
CVAR with r = 3.
Test:

pt
yt
ut
wt

2 (10)

= 30:645, p-value; 0:0007

0:198

[3:536]

bc

c

1:282

[5:518]

0:083

[5:134]

0:265

1:344

0:079

[ 6:302]

[ 7:682]

[ 6:473]

0:307

[3:212]

0

b0

0

0:065
[ 2:047]

0

0:012
[ 6:561]

b0
c;1
b0

c;2

b0
c;3

pt
1

yt
0

ut
0

0

1

0

wt
2:886

[12:539]

0:789

pot
0

T rend
0:035
[ 14:484]

0

0

[ 35:124]

0

0

1

6:44

[7:643]

0

0:052
[ 5:849]

pot

0
0
0
Note: The brackets contain t-ratios.
0
The coe¢ cients, b c;3;2 ;b c;4;1 ;b c;4;2 and trend coe¢ cient in bc;2 were insigni…cant and thus removed
0
0
c;1 ; c;2
Mp;w My;p Mu;y
,
(Mu;y Mp;u +Mp;y )My;p 1

Under this restriction, the cointegrating coe¢ cients on wages in
Mp;w My;p
Mp;w
,
,
(Mu;y Mp;u +Mp;y )My;p 1 (Mu;y Mp;u +Mp;y )My;p 1

and

0
c;3

are given as,

and
respectively. Note how
the multipliers may be identi…ed as ratios between these coe¢ cients. Note also that, although the overall
test rejects, the signs of the estimated c and c coe¢ cients are in line with Table 5, in the Appendix
A.2.
22
23

See the discussion in Juselius (2006).
This is standard practice in the reduced rank regression method (see Johansen 1996).
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3.3.2 Testing for slow adjustment as implied by sluggish wage formation

Next, consider the special case of Case III; that imposes Mw;u = 0, i.e. the main restriction consistent
with the theories implying unit root hysteresis à la Blanchard and Summers (1986), Lindbeck and Snower
(1986) and Layard and Nickell (1987). As discussed above, for this restriction to imply a unit root in
unemployment in this model, it is necessary to impose, in addition, homogeneity (Mp;w = Mw;p = 1)
and a ‡at price setting relation (Mp;y = Mp;u Mu;y ). It seems plausible for the latter restriction to
hold as a result of Mp;y = 0 and Mp;u = 0, which is thus imposed. Table 3 reports the estimation results
under this restriction.

Table 3: Testing slow adjustment á la unit root-based "hysteresis theories" (here, a special case of Case III): The
likelihood ratio test, with p-value and estimates of c and c ; of the corresponding CVAR against an unrestricted
CVAR with r = 3:
Test:

pt

2 (15)

= 72:017, p-value; < 0:0001

0:178

bc

c

0

0

[ 6:329]

yt

0

0:185

0

[ 4:130]

ut

0

0

0:072
[ 4:098]

wt

0

b0

0:158

[5:390]

0

b0

c;1

b0

c;2

b0
c;3

pt
1

yt
0

ut
0

0

1

0

wt
0:355

pot
0

0

0

[2:269]

T rend
0:009
[ 5:247]

0:008
[ 58:430]

0

0

1

11:513
[ 4:380]

0

0:132

[4:653]

pot

0
0
0
Note: The brackets contain t-ratios.
0
The coe¢ cients, b c;2;1 ;b c;3;1 ;b c;3;2 ; b c;4;1 ;b c;4;3 ; and the wage coe¢ cient in bc;2 were
insigni…cant and thus removed.

Since this hypothesis imposes more restrictions on the parameter space than the more general one
in Table 2, it is not surprising that it is also strongly rejected.

3.3.3 Testing for persistent equilibrium movements

Given the lack of support to slow adjustment let us now turn to testing whether, alternatively, the unit
root evidence can be explained as a result of pure equilibrium persistence, cf. Case II. The results in
Table 4 suggest that this is the case. The restriction de…ning this case, i.e. 2 + 3 1 = 0, while
My;p (Mu;y 2 + 1 ) 6= 0; and the additional zeros imposed because of insigni…cance, were accepted with
a p-value as high as 0.92.
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Table 4: Testing for equilibrium persistence (a special case of Case II): The likelihood ratio test, with p-value and
estimates of c and c , of the corresponding CVAR against an unrestricted CVAR with r = 4:
Test:

pt
yt
ut

2 (9)

= 3:8266, p-value; 0:9224

0

bc

c

1:120

0:078

[6:167]

[5:408]

1:267

0:077

0:275

[ 3:575]

[ 8:373]

[ 6:870]

[ 4:080]

0

0

0:097

0:090

0

c;1

[2:367]

0:160

[2:835]

b0

0:204

b0

c;2

b0

1:113

c;3

[5:679]

[ 4:673]

wt

b0

0:016

0:140

[ 4:777]

[ 3:969]

b0
c;4

pt
1

yt
0

ut
0

wt
0

0

1

0

0

0

0

1

pot
0:053

T rend
0:005

[ 1:873]

[ 8:361]

0:058

[3:747]

0

0:862
[ 4:712]

0

0

0

1

0

0:009
[ 30:384]

0:027

[8:010]

0:010
[ 61:485]

pot
0
0
0
0
Note: The brackets contain t-ratios.
0
The coe¢ cients, b c;1;1 ;b c;3;1 ;b c;3;2 ;b c;4;2 and the oil price coe¢ cient in bc;4 were insigni…cant and
thus removed.

Under these restrictions, c and, to some extent, c , have relatively straightforward interpretations,
and identify some of the key parameters. In particular,

c

0

0

1

2

B
B
=B
B0 0
@ 0
0 0 0

5

+

0

6

1

C
C
C;
C
A

0
c

0

1000

B
B0 1 0 0
=B
B
@0 0 1 0
0001

3+ 4
My;p (Mu;y 2 + 1 )
3+ 4
Mu;y 2 + 1
Mu;y ( 3 + 4 )
Mu;y 2 + 1

0

1
C
C
C
C
A
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where denotes a complicated short-run adjustment coe¢ cient and 2
21 + 22 . By computing the
Structural Moving Average (SMA) representation of the full process, xt ; one will …nd that the coe¢ cients
in 0c identify the long-run e¤ ects from crude oil prices on the respective variable corresponding to that
+
row of c (see Møller 2013).24 That is, in the …rst row of 0c ; M (M3 4 + ) is (minus) the long-run
y;p

u;y 2

1

e¤ect of a long-run change of one unit in crude oil (log) prices on the domestic price level etc.25 As
mentioned, there are no prior with respect to signs of 1 and 2 ; but the estimates from Table 4 suggest
0
3+ 4
that both are positive. The estimate of
in the second row of b is positive, which implies
Mu;y

c

2+ 1

0
that the remaining estimates in b c are consistent with the expected signs, i.e. My;p < 0 and Mu;y < 0:
0
The third row of b c ; thus shows the long-run e¤ect on unemployment. In this case it is illuminating to
compute the equation in the SMA representation corresponding to unemployment, which becomes,

ut = Ut

Mu;y (
Mu;y

+
2+
3

4)
1

1
1+

3

Pt

i=1 "oi

(16)

where 1 + 3 ; is positive which follows from the fact that all roots except unit roots are strictly outside
the complex unit disc. This is empirically supported. The term, Ut comprises deterministic components
and initial values and includes the transitory in‡uence from the stochastic "-shocks. Hence, in relation to persistence this term is not so interesting. Rather it is the second term which shows that the
stochastic trend in unemployment (i.e. the approximated persistence) comes from the stochastic trend
Pt
in oil prices,
i=1 "oi : The equation implies that oil prices in‡uence unemployment permanently via
in‡uencing the Price Setting relation and thus equilibrium unemployment. To be precise, consider an
24

This is generally not the case (see Johansen 2005 and Lütkepohl 2005).
The zero restrictions, which were exclusively motivated by insigni…cance, contributed to simplifying the estimated c matrix considerably.
25
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isolated positive shock to crude oil prices of magnitude 1 + 3 , i.e. simply normalized to produce a
P
long-run unit change in the oil prices (that is the term (1 + 3 ) 1 ti=1 "oi changes by one unit). This
+
will have a positive long-run e¤ect on prices, of magnitude, M (M3 4 + ) > 0; which will then lower
y;p

output by,

3+ 4
u;y 2 + 1 )

Mu;y (M

3+ 4
My;p (Mu;y 2 + 1 )

My;p
=

Mu;y (
(Mu;y

3+ 4)
2+ 1)

=

3+ 4
(Mu;y 2 + 1 )

u;y 2

1

; which eventually will raise unemployment, by

0
; as identi…ed in the third row of b c :

It is essential to note that, here the hypothetical change in oil prices is permanent (i.e. the long-run
unit change). If, on the other hand, this were temporary the e¤ect on unemployment would die out
relatively fast. This is in contrast to unit root hysteresis caused by slow adjustment, for which transitory
in‡uences do have permanent (long-lasting) e¤ects.

4 Concluding remarks
The literature on unemployment persistence has focussed mostly on detecting the empirical existence of
persistence as measured by the non-stationarity of unemployment. Methods involving unit root testing
in univariate dynamic models, i.e. including unemployment rates only, have proven useful in this context
and hence widely applied. However, much less research has been directed towards the question why (as
opposed whether) persistence occurs. In particular, whether this is the result of slow adjustment, say
caused by sluggish labor market dynamics (as has often been emphasized), other kinds of slow adjustment,
or in fundamental contrast, generated by slowly moving equilibrium unemployment. Such distinctions
are of utmost importance since di¤erent sources of persistence have di¤erent policy implications.26
In light of this, the present research suggested a multivariate econometric framework for identifying
and comparing di¤erent sources of unemployment persistence. The basic premise for the analysis is that
unemployment persistence is essentially a systemic outcome and should therefore be analyzed by multivariate methods. The framework is based on a general Structural VAR model which contains exogenous
variables and which is represented in block matrices, thereby applying to a wide range of generic economic
models. The endogenous-exogenous dichotomy implies that the SVAR process can be seen as composed
by two sub-processes: That is, the process of the endogenous variables given the exogenous variables
and the process of the exogenous variables, respectively. This in turn naturally suggests a conceptual
framework for systematically categorizing persistence (and the associated statistical hypotheses) by its
source, which, by construction, is not possible with univariate methods.
The present framework includes readily applicable formulas. These enable researchers, which have
a particular SVAR at hand, to straightforwardly derive and test the joint parameter restrictions corresponding to the various sources of persistence that this SVAR implies.
The framework was applied to study the persistence of the UK unemployment, based on a fully
speci…ed SVAR, i.e. with theoretical restrictions on the block matrices. This allowed the derivation and
testing of di¤erent statistical hypotheses of unemployment persistence, in the form of di¤erent cointegration restrictions. The applied SVAR includes four endogenous variables (prices, wages unemployment and
output) and one exogenous variable (oil prices), which in‡uences equilibrium unemployment via price
setting. The evidence seems to suggest that the persistence of UK unemployment was not the result of
slow adjustment. In particular, it was not the result of sluggish wage formation as is often emphasized by
the theories implying unit root hysteresis. Instead, these data support the hypothesis that equilibrium
unemployment has evolved persistently, in this case, as a consequence of persistently changing oil prices
shifting the Price Setting curve (in unemployment-real wage space).
These results were obtained based on a reasonably long sample and a well-speci…ed VAR building
on the general macroeconomic framework in Layard et al. (2005). Nevertheless, they raise some issues
which could be addressed in dedicated future research. One issue concerns the choice of sample. This was
2 6 See e.g. Røed (1997), Andersen (2010), O’Shaughnessy (2011), Delong and Summers (2012), Blanchard et al.
(2015) and Meng et al. (2017).
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justi…ed on the grounds of statistical speci…cation including the assumption of constant long-run parameters. As unemployment hysteresis and persistence are often discussed in the context of the aftermath of
economic downturns, extending the sample beyond 2006 and including the wake of the Great Recession,
should be of interest. In connection with this, several questions can be addressed: For example, given
the indication of parameter instability beyond 2006, is there any evidence that the persistence in the
UK macro-economy ever reverted to the same kind and extent of that identi…ed in the present analysis?
Do the parameter changes relate to adjustment parameters? In particular, have the latter been a¤ected
in a direction implying more persistence? Moreover, given the evidence that oil prices seem to become
endogenous after 2006 (Section 3), has this ampli…ed the persistence related to the slowly moving oil
price level? Though it may not be adequate for the period beyond 2006, the VAR speci…cation in Section
3 could serve as a starting point for analyzing these and other questions. As mentioned, this framework is
rather ‡exible, in that it can be augmented with respect to various rigidities, equilibrium assumptions,27
and expectations formation etc. On the other hand, the possibility exist that, for this later period, alternatives to the standard CVAR above, e.g. based on non-linear adjustment (see Footnote 18), may have
a better chance at explaining the underlying dynamics of the data.

A Appendices
A.1 The partitioned Structural ECM and its reduced ECM form
(x01t ; x02t )0 ; i.e.,

The point of departure is the SECM for the full process, xt
A xt = mt + F xt

C xt

1

1

(17)

+ "t :

This has the following block representation,
A11 A12
0 A22

x1t
x2t

m1t
m2t

=

F11 F12
0 F22

+

C11 C12
0 C22

x1t
x2t

x1t
x2t

1

x1t
x2t

1

1

"1t
"2t

+

1

(18)

1

;

corresponding to (2).
The corresponding reduced form ECM becomes,
x1t
x2t

1t

=

+

2t

+

11

12

0

22

11

12

0

22

x1t
x2t

1

+

1

(19)

1
1t
2t

;

with,
1t

t

which is de…ned as I

12

0

22
12

0

22

1

I

A111 F11 A111 F12

=

;

A12 A221 F22

A221 F22

0
A111 C11

=

!

A111 C12

A12 A221 C22

A221 C22

0

!

;
!

;

is thus,

11

0
27

11

11

A12 A221 m2t

A221 m2t

2t

1

and,

A111 m1

=

12

I

22

=

I + A111 C11 A111 C12

See the discussion and references in Footnote 16.

0

A12 A221 C22

I + A221 C22

!

:
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A.2 The UK application
The matrices
0

B
B
F =B
@
0

1
B
2
B
A=B 0
@ 0
0

+
+

1
2

1

2

+

3

4

0
!5 + !6
0

0
1
1

0
0

0
0
1
!3
0

+
1+
3

1
4
2

+

0
0

0
0
0
1
0

+
0
1
0
5+ 6
!3 + !4 !1 + !2
0
0
21

1
3

+
0

22

5

6

+
0
0
0

3

1

1
0
1
0
0
2 0
22 6 4
0C
B 4 4 0 0 0 C
B
C
B
C
B
0 C ; C = B 0 3 6 0 0 C ; mt = B
A
@
A
@
0
!6 0 0 !2 0
1
0 0 0 0 3

2

+

0

3

1

4

1

C
C
C;
A

1
gA t + ztp
d
C
+
z
1
t
C
u
C:
0 + zt
A
w
! 0 + zt
o
1 + zt

Accumulated multiplier notation

Table 5: Accummulated multipliers corresponding to the UK application.
De…nition of multiplier
1
Mp;y
1

Expected sign:
?

Mp;u

?

Mp;po
Mp;w
My;p
Mu;y
Mw;p
Mw;u

1
2
21 + 22
1
2
3+ 4
1
1
2
5+ 6
1
1
2
2+ 3+ 4
1
3
4
1+ 2+ 3
1
5
6
! 5 +! 6
1 !1 !2
! 3 +! 4
1 !1 !2

1

> 0 (= 1 under homogeneity)
> 0 (= 1 under homogeneity)
<0
<0
> 0 (= 1 under homogeneity)
<0

Description of the data

Table 6: Description of the UK data.
N am e:
p
y
u
w
po

D e ta ils:
lo g . o f G D P d e ‡a to r
lo g . o f re a l G D P
lo g . o f u n e m p loy m e nt ra te
lo g . o f h o u rly w a g e ra te
lo g . o f c ru d e o il p ric e s

S o u rc e :
O ¢ c e fo r N a tio n a l S ta tistic s, U K (E c ow in )
O ¢ c e fo r N a tio n a l S ta tistic s, U K (E c ow in )
IM F - Inte rn a tio n a l F in a n c ia l S ta tistic s
IM F - Inte rn a tio n a l F in a n c ia l S ta tistic s
OECD

*Dubia Spot. Annual series were used to construct quarterly series (by simple interpolation).
This is likely to be of minor importance for the obtained results since these concern the
low-frequency co-movements (stochastic trend movements) in the data,
and not the short-term noise.
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Misspeci…cation tests

Table 7: Misspeci…cation vector tests.

Vector AR 1-5 test:
Vector Normality test:
Vector ZHetero test:

F(125,142)=
Chi^2(10) =
F(135,207)=

1.1814 [0.1674]
21.302 [0.0191]*
1.1414 [0.1953]

N o te : p -va lu e s in th e sq u a re b ra cke ts. T h e te sts a re e x p la in e d in D o o rn ik a n d H e n d ry (2 0 1 3 ).
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