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ABSTRACT

Schager, N.H., 1987, Unemployment, Vacancy Durations and Wage
Increases: Applications of Markov Processes to Labour Market
Dynamics. The Industrial Institute for Economic and Social
Research, Research Report No. 29, Stockholm. 217 pp. ISBN
91 7204 280 X.

This study investigates the optimal wage and hiring decisions
of a firm, which faces a search labour market. It also
considers the aggregate hiring rate as the outcome of the
interaction of unemployment and vacancies in such a market.

The method applied is that of stochastic processes and their
contyol. The solution to the firm's stochastic decision
problem 1is a Markov decision process, which is amenable to
detailed analysis. Such an analysis is carried out with
respect to two wage policy regimes, one of complete wage
flexibility and one of downward wage rigidity. In the latter
case 1t 1s shown that a stopping control in the form of
explicit job vacancies is an indispensable part of the optimal
policy.

The classical 1issue of the effect of unemployment on the
firm's wage decision is considered. It is shown that if an
increase 1in unemployment raises the expected rate of hiring
considerably more than it raises the wage sensitivity of this
rate, the optimal wage will decline. As a consequence it is
argued that a causal Phillips relation running from unemploy-
ment to wages may well exist at the micro level.

The expected rate of hiring is the reciprocal of the expected
duration of a vacancy. In the context of an aggregate labour
market analysis it is demonstrated that a relation between the
duration of vacancies and the stock of unemployment is stable
as long as the efficiency of vacancy/unemployment interaction
in bringing about new hires is constant. Such a relation
should consequently be given the interpretation that has
rraditionally been given to the UV-curve,

In summary the study presents 4 case for the existence of a
causal effect of labour market conditions, measured by the
durations of vacancies, on the wage decision of a Ffirm and
hence on the wage dynamics of the economy as a whole.
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FOREWORD

Wage 1inflation, high unemployment and inflexible
labor markets have afflicted Western economies for
almost two decades. And modern economic theory,
though technically advanced, has not performed well
in explaining these experiences. When those
responsible for economic policy ask for advice from
economists they often get conflicting answers,

which fail to convince.

The way out of this unhappy state of affairs is not
to abandon technically édvanced methods. The
economy 1s a complex system of interacting dynamic
processes and 1ts investigation requires advanced
analytical tools. Rather we must require that
relevance and technique go together. To be spe-
cific, 1if the economy is not in short-run equilib-
rium, 1t is of little use to elaborate short-run

equilibrium models for an explanation.

In this research report, which 1s also a doctoral
dissertation at the University of Uppsala, the
author, Nils Henrik Schager, addresses the impor-
tant issues of wage increases, unemployment and
labour market (efficiency. He reconsiders the
foundations of search theory models of the labour
market by applying the tools and concepts of
stochastic processes. As a result, Schager is able
to indicate 1interesting features of the wage
inflation mechanism, which have been largely
ignored in earlier economic research. Although the
report is largely theoretical, it also contains new
empirical results on the development of labour

market efficiency in Sweden.

Stockholm, April 1987

Gunnar Eliasson



AUTHOR'S PREFACE

This book is a study in the dynamics of the labour
market and wage formation. Its origins can be
traced as far back as 1976, when I was asked by a
Government Committee to investigate "the relation
between wages and profits" in Swedish industry. At
that time I was working as an economist at the
Swedish Employers' Confederation, and that position
gave me access to data that would otherwise have
been unobtainable. On the other hand, my job at the
Confederation was not easily combined with theo-

retical research.

Some empirical results based on cross-section data
were produced in two reports to the Government
Committee around 1980. Perhaps lack of results is a
better phrase, as the reported regression estimates
were inconclusive. Partly because of this, partly
because of the general breakdown of established
explanations of aggregate wage increases in the
face of widespread stagflation, I became increas-
ingly dissatisfied with existing theories of wage
dynamics. In 1981 I used the opportunity to move to
the Industrial Institute for Economic and Social
Research in order to think more thoroughly about
the matter.

Already in 1978, however, I developed the idea that
was to be decisive for the methods chosen in my
later research. The idea was simply that the time
it takes for a firm to recruit an employee should
be of crucial importance for its decision on re-
cruitment means, not least its wage decision. In

fact, this waiting time should be the quantity,
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through which the labour market conditions reveal

themselves to the firm.

This notion led me to make a successful attempt to
relate the amount of aggregate wage drift to the
expected durations of reported vacancies 1n an
empirical study on Swedish data [Schager (1981) 1in
the 1list of references]. Nevertheless, the role
played by vacancy durations in a theoretical set-

ting was only intuitively indicated in that study.

My ambition to incorporate the concept of vacancy
durations 1n a rigorous theory of wage dynamics
soon led into the area of stochastic processes and
their control. This is not an easy subject and it
is largely unfamiliar to economists. It has re-
quired much time and effort on my part to get
acquainted with this area of research and to ac-
quire a workable competence in 1it. I think it 1is
worth pointing out, however, that the technique
used 1in the present study is really a consequence
of elaborating rigorously the implications of an

originally simple idea.

It is up to the reader to judge the merits of my
contribution. Nevertheless, I myself feel satisfied
with the return on my investment 1in understanding
of Markov and Markov decision processes. They are
forceful tools, which, once mastered, are able to
yield forceful results. I think that their value
will Dbecome increasingly appreciated in future

economic research.

Although empirical work was the starting point of
my 1nvestigations into the wage formation process,
this study contains little empirical application.

This absence 1is solely due to restrictions with
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respect to time and volume in producing a disserta-
tion. I hope to be able to demonstrate soon the
potential of the theoretical models of this book in
empirical work. A respecifiéation of the regression
equations of my 1981 study on aggregate wage in-
creases 1s the most immediate task. Further I
intend to use the model of optimal firm behaviour
on my cross-section data, for which it is particu-

larly well suited.

During the long formation process of this study I
have benefited from the support of many. The man-
agement of the Swedish Employers' Confederation has
granted me not only access to valuable data sources
but also generous financial support, which has
facilitated greatly my theoretical work. For the
opportunity to carry out my research at the Indus-
trial Institute for Economic and Social Research,
my thanks go to the director of the Institute,

Gunnar Eliasson.

As far as 1individual support 1is concerned, I would
like to mention three persons in particular. The
former head of the Research Department at the
Employers' Confederation, Karl-Olof Faxén, has
constantly encouraged and helped me through the
various phases of my research. He has never failed
to show confidence in my ability to carry through
my ambitions. His ingenious suggestions have im-
proved my thinking on many points; e.g. the analy-
sis and results of chapter I are largely due to a
seminal . remark made by Karl-oOlof Faxén. Kurt
Brannas at the University of Ume& was engaged in my
research 1in connection with the development of
econometric methods, suitable for testing models of
wage formation on cross-section data. He has had to

await the yield of his efforts, while I have
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struggled with theory. Nevertheless, Kurt Brannas
has always shown patience and willingly taken part
in my theoretical writings by constructive com-
ments. Frank van der Duyn Schouten, Free University
of Amsterdam, came in touch with my work at a
conference in 1984. I am happy to say that he found
ny research to be an interesting and challenging
opportunity for a specialist in Markov decision
theory. Frank v.d. Duyn Schouten has scrutinized
the technical parts of my analysis with an expert's
eye. Without his assistance, I would have felt much
less confident in the reliability of my results. I
feel greatly indebted to these persons for their

keen and disinterested engagement in my research.

At an early stage of my research I benefited from
discussions with the secretary of the Government
Committee, Berndt Ohman. Since 1981 my former and
present colleagues at the Industrial Institute have
assisted me considerably with valuable advice. My
thanks go especially to Harald Lang, Bertil Holm-
lund, Anders Bjorklund, Bo Axell, Stephen Turner
and Erik Mellander. At the final seminar at the
Department of Economics, Uppsala University, useful
suggestions, based on careful scrutiny of chapter I
and II, respectively, were given by Ante Farm,
Institute for Social Research, Stockholm Univer-
sity, and Jorgen Weibull, Institute for Interna-

tional Economic Studies, Stockholm University.

I also have every reason to be grateful to Bengt-
Christer Ysander, my professor of economics at
Uppsala University. Without his clear discernment
and good judgement I would hardly have succeeded in
putting together my present research results in a

reasonably well organized and limited form.
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Finally, I would like to thank Birgitta Burman and
her co-workers at the Industrial Institute for
their good work and friendly assistance in putting

my thoughts into readable book-pages.

My reference to persons or institutions above does
not imply any responsibility on their part for the
contents of this book. For remaining deficiencies I

am solely liable.

Stockholm, April 1987

Nils Henrik Schager
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INTRODUCTION

The present book is a search theoretical study on
the dynamics of the labour market. In substance the
analyses can be said to be founded on some of the
contributions in the now classic book 'Microecon-
omic Foundations of Macroeconomics', edited by
Edmund Phelps in 1970, notably Holt (1970},
Mortensen (1970) and - to a somewhat lesser extent -
Phelps (1970). The first chapter of this book
builds on the analysis in Holt (1970) of the
interaction between unemployment and vacancies in a
search labour market. The second chapter analyzes
the optimal wage behaviour of a firm which faces
such a labour market in the spirit of Mortensen

(1970) and his successors.

Two famous 'curves' of economics are at the focal
point of our investigations. The first chapter aims
at demolishing the wusual interpretation of the
UV-curve. The second one considers and tries to
reestablish the microeconomic basis for a modified
Phillips curve. How these results are brought about

is briefly indicated later in this introduction.

A search labour market is characterized by uncer-
tainty. The timing and the contents of a Jjob and
wage offer to the job searcher are uncertain and so
are the corresponding features of a job applicant
contact to the firm. The flows of offers and of
contacts are consequently stochastic and form

stochastic processes in time.

The fact that a search labour market is made up of

simultaneous stochastic processes has of course
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been implicitly recognized in the search theory
literature. Holt used the phrase 'stochastic
interaction' to characterize the matching between
vacancies and unemployment in a search labour
market. For the most part, however, the vast body
of literature on stochastic processes and their
applications has not been used in economic search
theory. The only exception is some recent contribu-
tions to the theory of individual job search [cf.
Zuckerman (1983); Burdett and Mortensen (1978);
Albrecht, Holmlund and Lang (1986)].

The established theory of stochastic processes
divides into the descriptive theory of the process-
es and the theory of their control. There exists a
substantial literature on the first subject, much
of which 1s of a highly technical and abstract
character. A moderately advanced exposition, which
devotes more space to possible applications than to
rigorous proofs is given in the classic book by Cox
and Miller (1965).

A stochastic process may be defined in discrete or
in continuous time. An example of the first type of
process 1s the Markov chain, 1in which the system
moves from one state to another at discrete
intervals of time according to some transition
probability law. This approach has computational
advantages, but phenomena do not wusually follow
such simple time paths. As far as theoretical model
building is concerned, a representation of the
process 1in continuous time 1s preferable. The
process is now to be specified not only with regard
to the probability of moving from one state to
another but also with regard to the probability

that a transition takes place at any point of time.
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We referred to the Markov chain above; 1its name
indicates that it possesses the Markov property,
which 1is an essential concept in the theory of
stochastic processes. A process 1s Markov, 1if its
future probability law of transition is completely
determined by its present state. As a consequence
the sojourn time in any state of a continuous time
Markov process is exponentially distributed,
because the instantaneous probability of moving to
any other state 1s constant. This property is
essential for making the problem of controlling a

Markov process tractable.

On a general level the class of continuous time
processes (whether Markov or not) can be parti-

tioned into

a) diffusion processes
b) Jjump processes
c) drift processes

7

The diffusion processes are continuous not only in
time but in the state space as well. They require
the advanced theory of stochastic calculus to be
handled. Diffusion processes and their control have
been applied especially in finance but also in
economlcs as a way to model price uncertainty.
Malliaris and Brock (1982) give an extensive

account of such applications.

Junp processes are discrete 1in the state space.
Such processes have long been applied in various
branches of operations research, such as queuing
and inventory theory. Typically, the state space 1is
given by a wvariable, that can only take on a
natural number, such as the number of served
customers or the number of stored items. It is also

typical that the use of Ijump processes has been
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more problem-oriented than theory-oriented, so that
the theory of jump-processes can at present be said
to be less developed but potentially more compli-
cated than that of diffusion processes [cf. Davies
(1984)1].

The drift process, finally, is simply the determin-
istic process, the time path of which is known with
certainty. This 1is, of course, the usual way to
represent the dynamics of an economic model.
Moreover, 1t has also been the way in which the
process of job applicants getting in touch with a
recruiting firm has been modelled in search theory
applications to the labour market. To describe the
control of this process the behaviour of the firm
has consequently been modelled in accordance with
any of the techniques available for deterministic
control [for an account of such techniques, see

e.g. Kamien and Schwartz (1981)].

From a methodological point of view, the aim of
this book is to replace the deterministic process
approach with an appropriate stochastic one. It
should be clear from the preceding comments that
the flow of Jjob applicants and of job offers is
most suitably represented by a jump process. In the
analyses to follow we will work with the special
type of jump processes, that are called birth-and-
death processes. They possess the Markov property
and any Jjump (transition) from a state can only
occur to an adjacent state (i.e. one unit is either
added or subtracted).

It might appear somewhat surprising that the
application of Jjump processes 1n economics have
been sparse compared to the application of diffu-

sion processes [cf. Malliaris and Brock (1982)].
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The reason 1is that stochastic processes have been
introduced in economic theory via econometrics. The
basic process in diffusion theory is the Wiener
process, in which the increments are normally
distributed; the corresponding role in jump process
theory is played by the Poisson process, in which
the increments are Polisson distributed. Taking the
view that the stochastic element in the process
considered 1is introduced through a stochastic
"disturbance", amended to a basically deterministic
economic structure, the properties of the Wiener
process offer themselves as a natural starting
point. In this sense the stochastics of the Jjump
processes that emerge from search theory is more
firmly based on the economic model itself. Although
there certainly exist expected values of the
realization of the processes, which can on occasion
be usefully referred to, this is not to say that
those values reflect the economic structure of the
model in any basic sense. The structure is given by
the instantaneous transition probabilities ("in-
finitesimal generators"), which define the process-

€S.

A useful and accessible description of birth-and-
death processes can be found in Chapter 4 of Cox
and Miller (1965). The control of such processes,
which subject falls under the heading Markov
decision processes, has been analyzed for some time
at different levels of generality and applicabil-
ity. A standard reference of a general nature is
Ross (1970). Howard (1971) gives a very comprehen-
sive textbook introduction to the subject, oriented
towards operations research applications. As
birth-and-death processes figure extensively in
queuing theory, Markov decision processes have been

studied under the heading queue control theory. A
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useful review of such more problem-oriented work is
found in Stidham and Prabhu (1974). A more recent
contribution, addressing specifically birth-and-
death Markov decision processes, is Serfozo (1981).
At a somewhat higher level of abstraction van der
Duyn Schouten (1983) and Vermes (1985) treat the
control of mixed jump and drift processes (Markov

decision drift processes).

After this short review of the concepts and methods
cf stochastic processes we return to the subject
matter of this book. Chapter I is devoted to a
treatment of the interacting processes of vacancies
and unemployment. The presentation 1s by no means
technically difficult; we concentrate attention on
the instantaneous transition probabilities, which
fully characterize the processes, 1including the
causal structure that is embedded in them. Only in
the Appendix to the chapter do we touch upon the
transient and equilibrium behaviour of the process-

es.

By concentrating on the basic properties of the
vacancy and unemployment processes and their
interaction, we are able to show that the efficien-
cy of vacancies and unemployment in bringing about
new hires cannot be 1indicated by the relation
between stocks of vacancies and of unemployment
(the UV-curve). Making explicit the implications of
the process interaction, that was proposed already
in Holt and David (1966), we show that hiring
efficiency is indicated by a stock-duration
relation. This interesting new result is produced
just because of a careful wutilization of the
concepts and tools of stochastic process analysis.
As the chapter (including the Appendix) makes

clear, confusion is likely to arise, when concepts
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belonging to static and dynamic probability models
and process properties of instantaneous, transient,
and equilibrium nature are mixed together without

sufficient care.

In Chapter 1II, the theory of Markov decision
processes 1s applied. We consider the decision
problem of a firm which faces a Poisson process of
contacts with job applicants. The firm can control
the intensity of the hiring process through its
wage level; it can also stop the hiring process by
direct intervention at any time. The formal
analysis of the decision process is technical and
is presented in a Technical Supplement to Chapter
IT.

The analysis establishes the optimal wage policy as
a stationary policy in the employment state of the
firm (a closed-loop control). When wages are
completely flexible, the optimal wage policy forms
a non-increasing trajectory in the employment
state. When wages are downward rigid, the optimal
wage trajectory is constant; moreover, it 1is shown
that the optimal policy involves stopping the

recruitment process by direct intervention.

In the main text of Chapter II the properties of
the solution to the recruitment decision model are
further analyzed and discussed. We demonstrate that
the possibility of multiple solutions depends on the
shape of the distribution of reservation wages
among the job applicants. We draw special attention
to the possibility that the reservation wage
distributions of the unemployed and of the employed
job searchers, respectively, may differ. A possible
outcome is that the firm may apply a wage at which

the wage sensitivity 1is 1low with respect to
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recruitment of the unemployed and high with respect

to recruitment of the employed job searchers.

The solution to the decision model is made subject
to sensitivity analysis. Besides some intuitively
reasonable results, the effect of a change in the
unemployment stock on the optimal wage turns out to
be particularly interesting. Unemployment affects
the optimal wage through its impact on the expected
speed of the hiring process, and on the wage
sensitivity of this speed. If both of them are
(roughly) equally affected, the optimal wage 1is
non-decreasing in the unemployment stock, as
Mortensen (1970) and others have found. If,
however, the wage sensitivity in the neighbourhood
of the optimal wage is little affected by a change
in unemployment, the optimal wage 1s non-increasing
in this change. Such a situation occurs when the
conditions described at the end of the preceding
paragraph hold at the optimal wage. Consequently,
under such conditions a "Phillips curve" response

in the wage of the firm obtains.

The remainder of Chapter II focuses on the conse-
quences of downward wage rigidity. We argue that
the existence of such rigidity makes it more likely
that firms are in such positions with respect to
their optimal wages that unemployment has a nonin-
creasing impact on the wage. Otherwise, the most
conspicuous implication of downward wage rigidity
is the likely prevalence of "wage disequilibria"
among firms. As the firm cannot respond to wage-
decreasing parameter changes by actually decreasing
wages, the effect of such changes is to bring about
a wage disequilibrium at the firm. This feature
produces a nice explanation of the observed pattern

of quantity and wage adjustments during a business
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cycle. The timing of parameter changes during the
cycle has important consequences for their visible
effect on e.g. wage 1increases; the observed
relationship between tight labour markets and rapid
wage 1increases may be explained partly by this

mechanism.

The discussion on business c¢ycle phenomena in
Chapter II is tentative, as we do not develop
rigorously a market interdependence model. The same
is true for the concluding discussion on the
Phillips curve. As indicated above, there is a case
for reestablishing a causal chain running from
unemployment via the expected speed of the hiring
process (or, equivalently, the expected duration of
vacancies) to the wage level. One source of insta-
bility in such a relation is a lack of stability in
the unemployment-vacancy duration relation. This is
a subject of investigation in Chapter I, and
empirical evidence for Sweden indicates very
clearly a shift in this latter relation in the
years 1967-69. It is remarkable that wage increases
in Sweden have continued to be closely related to
the duration of vacancies (as opposed to the
unemployment rate) over these years, as Schager
(1981) and Bosworth and Lawrence (1987) show. These
findings constitute strong evidence in favour of
the empirical relevance of the theoretical argument
in this book.

Nevertheless, the wage dynamics of a search labour
market is a very complex theoretical issue, that is
as yet largely unexplored. Presumably the turnover
of employees between firms plays a more crucial
role than e.g. the behaviour of the unemployed in
overheated states of the labour market, in which

wages tend to accelerate. Whether such a process of
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wage increases can be sustained depends on the
mechanism, by which new demand is fed to the prod-
uct market. An endogenous inflationary process of a
type similar to that proposed by Bent Hansen (1951)

is clearly not ruled out.

The economic applications of Markov and Markov
decision processes in this book are not particu-
larly advanced. With respect to the analysis of the
unemployment and vacancy processes in Chapter I, an
extension to apply more elaborate queuing models
should yield further useful insights in the func-
tioning of a search labour market. The Markov
decision model of a recruiting firm in Chapter II
can be extended in several directions, as we point
out in the course of its presentation. As stochas-
tic jump processes have only occasionally been used
in economic theory (as opposed to operations
research), their value as an analytical tool has
not been subject to any serious test. Their
potential may be considerable and we hope that the
results of the present applications will stimulate

further research in this area.
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CHAPTER 1

HIRES AS THE OUTCOME OF STOCHASTIC INTERACTION
BETWEEN UNEMPLOYMENT AND VACANCIES: A REINTERPRETA-
TION OF THE UV-CURVE

1 Introduction

Since the article by Dicks-Mireaux and Dow (1958)
the relationship between the stock of unemployed U
and the stock of unfilled vacancies V - or the (V-
curve - has been used as an indicator of the degree
of flexibility 1in the labour market. These authors
claimed that at a given degree of flexibility
changes in labour demand correspond to movements
along a rectangular hyperbola in the UV-plane,
while an outward shift in this curve indicates in-

creased 'maladjustment' in the labour market.

The UV-curve was introduced in the same years as
the Phillips curve and appeared to be a natural
complement to it. As dynamic price theory at that
time predicted that the rate of change of money
wages 1s a function of the excess demand in the
labour market and excess demand ought to be meas-
ured as the difference between the stock of vacan-
cies and the stock of unemployed, a stable UV-rela-
tion ought to be the basis of a stable relation

between money wage changes and unemployment.

The interpretation of shifts in the UV-curve as
changes in ‘'ability of adjustment' was almnost
self-evident within a neoclassical conceptual
framework. The only real embarrassment was éaused by

the neoclassical implication that unfilled vacan-
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cies and unemployment cannot coexist in one market.
To reconcile theory with facts it was thus neces-
sary to assume that the labour market consisted of
several imperfectly connected submarkets, where
either unfilled vacancies or unemployment could
persist. Hansen (1970) showed that several restric-
tive assumptions, unlikely to be met in practice,
are needed to yield a stable aggregate UV-curve

under such conditions.

By the time Hansen wrote his article the theory of
labour market dynamics was undergoing a drastic
change, as models of search under imperfect infor-
mation in a few years completely replaced the neo-
classical models. With special regard to the analy-
sis of vacancies and unemployment in a search
theoretical framework the pioneering work was done
by Charles Holt in a series of contributions [no-
tably Holt and David (1966), Holt (1970)].

It is the aim of this chapter to demonstrate that
the position of the UV-curve cannot be given the
traditional interpretation as an indicator of
'adjustment ability', when it is regarded as the
outcome of search under uncertainty in the labour
market. It is remarkable that this conclusion can
be reached without adding anything substantially
new to the analysis by Holt. As a matter of fact it
seems as 1f Holt overlooked those elements in his
own analysis which pointed to a reinterpretation of
the UV-relation. It also appears reasonably clear
that this happened because of the strong influence

of the Phillips curve (see Section 4 below).

The interest in the UV-curve reached its peak in
the mid-seventies, but the research was almost ex-

clusively empirically oriented. Since then the ap-
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parently capricious behaviour of the UV-curves in
different countries has produced a diminishing con-
fidence in its usefulness. Still, the following
guotation is representative of the current state of
opinion: 'The question whether the functioning of
the labour market has deteriorated is usually illu-
minated with the help of so called UV-curves ...
For every given structure of the labour market ...
it is assumed that there exists a given UV-curve,
i.e. a given negative relation between vacancies
and unemployment ... Changes in aggregate demand

will give rise to movements along a given UV-curve,

while changes 1in the functioning of the labour

market at given aggregate demand will reflect it-

self in a shift in the UV-curve ...' [Persson-
Tanimura and Johannesson (1987), translated from
Swedish].

As an authoritative example of the wavering belief
in the UV-curve analysis (or the 'Beveridge curve'
as it is nowadays often called) we may quote a re-
cent OECD Working Paper: 'Another possible, though
indirect, indicator of labour mobility, which must,
however, be used with considerable caution, is the
relationship between vacancy and unemployment
rates. On ... strong assumptions ... increased
labour market mismatches are indicated if vacancies
and unemployment rise simultaneously. Inspecting
the 'Beveridge curves' for twelve OECD countries
points to outward shifts since the late sixties or
early seventies in several countries ... However,
... there does not remain much, if any, support for
the notion that labour market mismatches have uni-

versally increased.' [Klau and Mittelstadt (1985)]

Quite recently, however, Jackman, Layard énd Pissa-
rides (1984) have looked into the foundations of
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the UV-curve and found that a relation between the
stock concepts is not necessarily the most appro-
priate one. The findings of these authors are 1in
important respects related to ours, but the focal
point of our attention is rather obscured in their
presentation as they hasten to consider many other

aspects of job vacancy creation.

We will make frequent references to Holt's contri-
butions as well as to the paper of Jackman et al.
as our discussion proceeds. It will be organized as
follows: First we will present a treatment of the
labour market search in terms of the established
theory of stochastic processes, leading to a re-
interpretation of the UV-relation. Then there fol-
lows a critique of the traditional use of the
UV-curve and we propose an alternative indicator.
The framework is then widened to include on-the-job
search. The concept of efficiency in the matching
of vacancies and unemployment is further discussed
in one section and the paper concludes with an em-

pirical demonstration, making use of Swedish data.

2 Unemployment and vacancies as realizations of

stochastic processes

As Holt pointed out already in the late sixties,
when there 1is job search under uncertainty the
labour market is to be conceived as a 'dynamic sto-
chastic system'. Surprisingly enough, there has
since then been little attempt to develop the sto-
chastic approach beyond some basic concepts.
Although the processes in the labour market may in
reality be very complex, this is no reason why one
should not try to apply some more elaborate, but
still tractable probabilistic tools such as simple

Markov processes in representing them.
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This 1is precisely what we are going to do. More
specifically we will make use of the established
theory of time-homogeneous birth-and-death pro-
cesses, the application of which to labour market
flows offers itself quite readily (see Cox and
Miller (1965)).

We will retain all the standard assumptions of the
basic models used in Holt and David (1966), Holt
(1970) and in Jackman et al. (1984). Vague points
and diverging opinions will be currently commented
on. We will adhere to the assumption of homogeneity
throughout, so the unemployed job searchers and the
vacant jobs (and later on the on-the-job searchers)
will have all relevant characteristics in common.
Homogeneity prevails also with respect to time,
i.e. we do not leave the area of Markov processes
in our analysis. Furthermore, we will be content
just to consider expected values, i.e. we make use
of the deterministic approximation of the pro-

CesSseSs.

In modeling the unemployment process the most imme-
diate alternative to choose should be the immi-
grant-death-process (in the terminology of Cox and
Miller (1965)). This means that there is an inflow
intensity of individuals into the unemploynent
stock at a rate u, at the same time as every indi-
vidual in that state has a constant instantaneous
probability, u, of leaving unemployment. So with U
denoting the nunmber of individuals in unemployment,
i.e. the stock of unemployed, the outflow intensity
from unemployment is U * p. This is in turn equal
to an inflow intensity into employment, as we fol-
low the basic models in assuming that the only way

to leave unemployment is by entering employment.
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For the immigrant-death-process to be applicable it
mnust hold that both u and p are independent of U.
As we shall see, however, the exact nature of the
inflow process is of no relevance for our main re-
sults. We just note that the possible effect on u
is likely to derive from y rather than from U. What
is of crucial importance, though, is whether the
outflow intensity is a linear-death process, 1i.e.

whether p is independent of U,

With the possible exception of Holt and David
(1966), this question 1is hardly addressed 1in an
explicit way by earlier writers. It should be an-
swered affirmatively, however, if the stocks of
vacancies and of the unemployed are not strongly
imbalanced. Otherwise, congestion phenomena in the
labour market may arise. If, for example, the num-
ber of the unemployed by far exceeds the number of
vacant jobs, the search of an unemployed individual
is not only an attempt to locate a vacancy for
immediate comparison of claims and offers. It is
rather an attempt to locate a queue to a vacant
job. In such cases a more elaborate gqueuing model
should be applied, which allows for the waiting
time in the queue [cf. also footnote 15 in Holt
(1970)1].

The relevance of applying such queuing models 1is
apparent, as depressed labour markets have been the
rule rather than the exception in many Western
European countries in recent years. This contribu-
tion does not have such an ambitious aim, however.
Nevertheless, it is worth pointing out that there
exists a limiting case in the form of the immi-
grant-emigrant process that can serve as simple
model of the unemployment process, when the stock
of unemployment has been persistently much larger

than that of vacancies.
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In the emigrant process the outflow intensity is
independent of the volume of the stock of unemploy-
ment. Denoting this intensity g, the individual
probability of leaving unemployment varies in-
versely to the stock volume, as

It is very important to understand the difference
between the causal structure in the two types of
processes. In the immigrant-death process, the
independent parameters are u and p, in the immi-
grant-emigrant process they are u and p. This dis-
tinction is of crucial importance as our further
analysis will show. (For convenience the processes
will from now on be referred to as I-D-processes

and I-E-processes, respectively.)

Regardless of how the outflow intensity of the un-
employed depends on U, it should depend on V, the
stock of vacancies. Otherwise, the notion of an
interaction between unemployment and vacancies in
the labour market, giving rise to new employment,
is deprived of any causal content; we will illus-

trate this point more in detail later on.

Fortunately, there exists empirical evidence that
bears upon this matter. Several studies of the
determinants of the duration of unemployment have
investigated the relation between this variable and
the stock of vacancies quite thoroughly [Barron
(1975), Axelsson and Lofgren (1977), Bjorklund and
Holmlund (1981)]. Given the homogeneity assumptions
of the present analysis, p—l is nothing but the
expected duration of unemployment. Hence we are
able to use the findings of these studies in
aséertaining that there exists a strongly signifi-

cant influence from V on u.
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Here we must add a qualification. As pointed out in
the studies referred to, the measured effect of V
on p can be expected to be the resultant of two
forces working in opposite directions. One 1is the
pure 'probability' or 'availability' effect, which
reflects the 1impact on the employment probability
of more employment opportunities being available.
This is the effect of V on the outflow intensity
that we have focused on. But there is possibly also
a ‘'supply' effect, reflecting the fact that the
unemployed may become more demanding in their
choice as more opportunities present themselves. We
will have more to say on this matter in Section 7
below. For the time being we note that the findings
reported in Holmlund (1976) and in Bjorklund and
Holmlund (1981), based on the comparatively re-
liable Swedish vacancy data, are consistent with
the hypothesis that the 'availability' effect of

vacancies on p is linear in V.

To sum up, we may conceive the flow intensity out

of unemployment into employment as

U*upy =0U%* k *V for an I-D-process

U *p =k *xV for an I-E-process

It now turns out that we have in fact also deduced
the type of process that applies to vacancies. This
is a consequence of the fact that the flow out of
unemployment and the flow out of vacancies are both
equal to the flow of hires. Denoting the hiring

intensity by e, we have

where X 1s the instantaneous probability of a va-

cancy being filled.
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If unemployment follows an I-D-process as speci-

fied, we get

e =0U*p =0 * Kk *V=>xX*V =>XxX=%k*0U

If k is independent of V we get the symmetric re-
sult that the vacancy process is also an I-D-proc-
ess. Consequently, the truly symmetric interaction

system obtains:

po= k *vV
X =k *U
e = k XU *V

The reader may recognize the basic Holt model in
these relations, especially as it is presented in
Holt and David (1966).

If unemployment follows the specified I-E-process,

we get

Again if k is independent of V, vacancies follow an
I-D-process, but now it is independent of the un-
employment process, which is completely passive as
regards the employment intensity. Hiring 1s deter-
mined by vacancies only. On the margin there 1is

really no interaction in the system:

_k *V
FE Ty
X = k
e =k *vV

It is now due time to pay attention to the import-

ant parameter k in our system of processes. In our
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I-D/I-D-system the availability of vacancies has a
linear impact on the probability of an unemployed
person being employed; the availability of the un-
employed has the same linear impact on the probabi-
lity of a vacancy being filled. k is this probabil-
ity adjusted for the availability effect. Conse-
quently, k reflects those characteristics of labour
market search which are regarded as constituents of
search efficiency or adjustment ability: the inten-
sity of search among the unemployed and firms with
vacant Jjob positions, the willingness of job-
applicants to accept offered jobs and wages and the
willingness of employers to accept the qualities of
job-applicants; a more detailed discussion on some
of these matters is carried out in Section 7. An
indicator of search efficiency should be able to
identify changes in k in an unambiguous way. This
conclusion also holds when the I-E/I-D-system 1is
applicable. The only difference is that the margi-
nal availability effect of U on the vacanc¢cy filling
probability is non-existent so the indicator must

be chosen accordingly.

We end this section by calling the reader's atten-
tion to the fact that nowhere in our presentation
has it been necessary to assume that the processes
of unemployment and vacancies are in equilibrium.
In fact, for an I-E-process an equilibrium may not
even exist! [See Cox and Miller (1965), p. 170.]

3 The UV-relation and the 'hiring production

function’

In the preceding section we demonstrated how the
applications of two simple stochastic systems lead

to mappings of the stocks U and V into the hiring
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intensity e. With a more general (or rather more

heuristically oriented) formulation, we write
e = k(U,v) * U *V (1)

where k is made dependent on U and V in an unspeci-

fied, but probably non-increasing way.

Our I-D/I-D-system implies that k is independent of
U and V, while in the I-E/I-D-system it holds that
k(u,v) = k * v71. 1o complete the taxonomy, we note
that k(U,v) = k * v~ 1 is consistent with an
I-D/I-E-system and k(U,V) = k * (U * v)~! with an
I-E/I-E-system.

What is really the expression (1)? It is a 'hiring

production function', transforming the stocks of

unemployment and vacancies into a hiring intensity.

Provided that the absolute value of the elasticity
of k with respect to both U and V are not too large
(and well below one) or varies irregularly, (1)
will behave as an ordinary production function at
the same time as the I-D/I-D-system should serve as
a good approximation of the process interaction.
Likewise it 1is clear that (1) defines a stable,
convex relation between U and V at any fixed hiring

intensity. Thus the UV-curve is nothing but an

isoquant of the ‘'hiring production function'.

There are as many UV-curves as there are levels of

hiring flows.

The situation is particularly transparent when the
pure I1-D/I-D-system or the basic Holt model
applies. The linear availability effect on the
transition probabilities p and X corresponds un-
ambiguously to the scale effect in the production

function (1). The ‘'adjustment ability' or search
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efficiency factor k is the factor of 'technical
efficiency' in (1). The UV-curve can move outwards
for two reasons: hiring is produced on a larger
scale or the efficiency in hiring production is

reduced.

In principle the same dichotomy holds when e is not
strictly linear in both U and V. However, the iden-
tification of scale shifts vs. efficiency shifts
becomes less easy, unless one 1is prepared to main-
tain parts of the Holt assumptions. For example, by
postulating that the availability or scale effect
1s linear in U and V, the remaining effect of these
variables on e is interpreted as endogenous changes
in hiring efficiency; alternatively, the scale
effect is defined as the influence of U and V on e,
and hence changes 1in hiring efficiency 1is by
assumption exogenous to these variables (see also
Section 7 below). Again, a queuing model approach
should be the most satisfactory way to handle this
problem theoretically.

If the labour market is so depressed that an

I-E/I-D-system applies, (1) degenerates into

As pointed out in our discussion in the preceding
section, hiring 1is now a function of vacancies
only. Unemployment has no influence and the UV-

curve has no meaningful interpretation.

Let us end this section by pointing to the conse-
quence of assuming that the vacancy and unemploy-
ment processes form an I-E/I-E-system. This 1is
equivalent to rejecting the concept of a hiring

function in terms of vacancies and/or unemployment.
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The hiring intensity is independent of both vacancy
and unemployment stocks. Vacancies are filled and
the unemployed are hired at a rate that 1is
determined by factors that are not causally linked
to these stocks. The neoclassical model is really
to be interpreted as such a case, in which any
UV-relation is only a statistical regularity, which
happens to show up because of correlations in

cyclical variables.

4 A review of earlier research

Equipped with a framework of reference, we will now
scrutinize earlier research on the UV-curve, that

are based on search theories of the labour market.

As we indicated in our introduction, the seminal
contribution 1in this field 1s Holt and David
(1966). They introduced the idea of job matching as
a result of stochastic interaction between stocks
of unemployment and vacancies. Substantiating their
argument with reference to empirical studies they
proposed a model that is equivalent to a pure
I-D/I-D-system and they explicitly wrote down our
Equation (1), k being independent of U and V.

Holt and David did not probe too deeply into the
structure of their model, but noted that at a con-
stant hiring rate it would generate a stable hyper-
bolic UV-curve. Such stability was in accordance
with empirical evidence, they thought. On the other
hand, they seem to have been quite aware of the
meaning of the parameter k: 'Estimates of the value
of k ... will give a quantitative notion of the ef-
fectiveness of present information channels 1in
bringing together workers and vacancies in compat-

ible combinations.' (ibid. p. 105).
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Holt developed these ideas in his later contri-
bution Holt (1970). Some of the sharpness of the
analysis 1is lost, however, in a multitude of in-
teresting, but formally loosely connected observ-
ations and comments. Moreover, Holt chose to
conduct his discussion exclusively in an equilib-
rium setting, which made possible an error in his

analysis.

The crucial sentences can be found in Holt (1970),

p. 235; we quote,

'The near constancy of U'V occurs because F, Tg
and P , all tend to have stable values.....The
quit and lay-off components, whose sum 1in
equilibrium determines F, fluctuates cyclically
and countercyclically, respectively, so their

fluctuations largely cancel out.’

In our notation F=e and P, /T =k; the quit and
lay-off rates are the inflow into unemployment, 1in

our notation u.

Rephrazing Holt's statement, it says that 'u in
equilibrium determines e'. A process or a system of
processes may be in equilibrium or not, but that
condition does not change 1its causal structure.
Taken literally, Holt's statement implies a novel
causal structure of the hiring process, so that any
addition to unemployment is automatically offset by

an increase in hires.

Such a structure of the hiring process is of course
not consistent with the idea of hires resulting out
of the interaction between the stocks of vacancies
and of unemployment. Closer reading of Holt (1970)

reveals that he has in fact not intended to propose
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a new model; he just observes that in equilibrium u
and e are equal (and, we can add, equal to the
inflow of wvacancies). But the unfortunate word
'determines' creeps somehow into the text and,

which 1s worse, distorts Holt's further analysis.

By stating that e is c¢yclically stable (because u
is so!) Holt was able to conclude that the UV-curve
is cyclically stable. Otherwise, it would certainly
be a more sound procedure to look at the stability
of the hiring rate directly; clearly, one would not
expect it to be stable over the cycle. Conse-
quently, the conclusion is that the UV-curve must
be subject to cyclical shifts to the corresponding
extent (and as a by-product that the unemploy-
ment-vacancy processes are not in a stable equilib-

rium during a cycle).

Holt's strange error can only be explained by the
influence of the Phillips curve hypothesis, which
had at that time reached its peak of authority. But
it was really at the expense of violating his own

model that Holt was able to conclude:

'Because the expression on the right of the
equation (15) (i.e. UV = e/k in the present
notation, our note) tends to change slowly, we
see that cyclical fluctuations in unemployment
are highly correlated with those of the vacancy
rate, so ... we can obtain a fairly stable
Phillips relation that suppresses the role of
vacancies.' [Holt (1970), p. 241.]

Having made his basic analytical mistake, Holt's
further arguments were consequently confused. e (in
our notation) was not just the hiring rate; keeping

to his process equilibrium framework, for Holt it
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was the general turnover rate of the unemployed and
of vacancies. Clearly Holt was aware that an in-
crease in the 'turnover rate' nust shift the UV-
curve outwards. He took great pains in finding
arguments why such a shift ought to be interpreted
as increased mismatches in the labour market, so
that any shift outwards of the UV-curve could be
seen as a sign of increased maladjustment. With the
correct interpretation of e such an effort is of

course 1n vain.

In the same celebrated volume in which Holt (1970)
was published, there is an impressive contribution
by its editor Edmund Phelps [Phelps (1970)]. Focus-
ing on money wage dynamics, he also discussed the
relation between hires, vacancies and unemployment.
Without using the notion of interacting stochastic
processes, he arrived at the conclusion that the
volume of hires 1s a function of the stock of va-
cancies and unemployment: ‘My theory denies a
strict and simple short-run relation between the
unemployment rate level and the vacancy rate level.
... unemployment and vacancy levels together deter-
mine the rate of change of employment ...' (ibid.
p. 149). In other words, Phelps argued that the UV-
curve is not cyclically stable and stated the rea-
son for it: unemployment and vacancy stocks 'pro-
duce' new employment. His conclusion is in complete

accordance with our analysis.

Phelps' contribution did not go unnoticed by other
researchers; his UV-analysis is described e.g. in
Holmlund (1976) together with Holt's. However,
Phelps presented his assumptions 1in a way that
looked wunnecessarily ad hoc and he hastened to
transform the rate of change of employment into one

of unemployment, a procedure which required addi-
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tional assumptions. In that way Phelps was able to
come closer to the ubiquitous Phillips relation,
and he claimed quite consistently that it should be
amended with the rate of change of unemployment as
an additional explanatory variable. Thus the notion
of a basic causal relation between the hiring rate
and the stocks of vacancies and unemployment fell
into the background and was obscured. The contra-
diction between Holt's and Phelps' simultaneously
published contributions on the UV-relation was not

conceived as so fundamental as it really was.

Those researchers who used the UV-relation during
the seventies did not question its traditional in-
terpretation, at least not on its weakest point.
Apart from the empirical problem, whether regis-
tered unemployment and vacancies corresponded to
the 'true' variables, most concern centered around
the possible effects of various heterogeneities 1in
the labour market [see e.g. Foster (1974) with

references, Holmlund (1976)1.

The contributions by Bertil Holmlund seem to merit
special attention. His dissertation [Holmlund
(1976)] and still more a revised and condensed ver-
sion of it [Holmlund (1978)] reveal how very close
Holmlund was to a reinterpretation of the UV-rela-
tion: '... the position of the curve in the UV~
plane depends i.a. on how efficiently the search
processes 1in the labour market work, 1i.e. how
rapidly a job applicant can find a job and a vacan-
cy can be filled. Besides, the position of the
curve 1s determined by the volume of unemployment
inflow' [Holmlund (1978), p. 438, translated from
Swedish].

Apart from the confusion about which flow to focus
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on [an heritage from Holt (1970)], the conclusion
seemed to be just at hand that the UV-curve should
be replaced by some relation that eliminates the
effect of the flow component and isolates the ef-
fect of the degree of efficiency of the search pro-
cesses. However, Holmlund withdrew at the last step
and repeated the usual interpretation of shifts in

the UV-curve.

At the same time we want to emphasize that Holm-
lund's contributions [later in cooperation with
Anders Bjorklund in Bjorklund and Holmlund (1981)]
contain penetrating studies of the duration of
vacancies and of unemployment. As was made clear in
the preceding section, the empirical evidence on
the determinants of the durations is essential for
understanding the character of the interacting pro-

cesses of vacancies and unemployment.

The presentation given above should give an accur-
ate picture of the state of the UV-analysis up to
the publication of Jackman et al. (1984). Before we
consider their contribution it 1is convenient to
summarize the results which follow from our analy-
sis in the preceding sections.

5 The alternatives to the UV-curve

Let us return to Equation (1)

e =k *xU *V

where k = k(U,V) may depend on U and V.

Now it is clear that for any homogeneous birth-and-

death process e/U and e/V are to be interpreted as
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the instantaneous probability of an unemployed per-
son being employed, u, and of a vacancy being

filled, %, respectively. So we have in general
p o=k * V; X = k * U (2)

as we found for the I-D/I-D-system. The only dif-
ference is that k may not be a constant. It 1is easy
to check that the other systems of processes which
we explicitly considered earlier are covered by
(2).

Expressing (2) in terms of the expected duration of
a vacancy and an unemployment spell, which we de-

note by T,, and T, respectively, we have

T = e T = (2")

So if the pure I-D/I-D-system (or the basic Holt

model) is applicable, it is a change in the rela-

tion between the duration of vacancies and the

stock of unempioyment, or equivalently, between

the duration of unemployment and the stock of va-

cancies that indicates changes in the hiring effi-

ciency of the labour market.

In the I-E/I-D-system, which we claimed might be a
suitable model for a depressed labour market, we

have

/

- , -1
Tw =k * v’ Ty = k

It is immediately clear that cyclical changes are
solely reflected in the unemployment duration,
while changes in the vacancy duration corfespohd

unequivocally to changes in hiring efficiency.
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It 1s now convenient to compare our results with
those of Jackman et al. (1984). First of all, their
study must be given credit for having reestab-
lished the notion of a hiring function in vacancies
and unemployment and for conducting their UV-analy-
sis in these terms. It should also be acknowledged
that the approach of Jackman et al. has inspired
the presentation in this chapter as regards the
systematic comparison between the notion of a hir-
ing production function and that of interacting

stochastic processes.

Nevertheless, the specification of the stochastic
mechanisms 1n Jackman et al. (1984) is not particu-
larly successful. With reference to a certain ex-
ample of search behaviour they argue that the hir-
ing function is homogeneous of the first degree in
the vacancy and unemployment stocks. A scrutiny of
their example (in footnote on p. 6) shows that if
we transform their fixed period chain into the cor-
responding continuous time process, their search
model implies an I-D/I-E-system, 1.e. hiring 1is
determined solely by the unemployment stock, while
vacancies are completely passive. To demonstrate
this requires some technical exercises. We have
relegated these to an Appendix, which can also be
used as a guide to how the instantaneous probabili-
ties defining the processes are used to derive

their transient and equilibrium behaviour.
Consequently, the corresponding hiring function has

the suggested homogeneity property only in a de-

generate sense:

e = k * U; o= k; X o=
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While one might conceive of an over-heated labour
market, where such a model can apply, it 1is not
very appropriate for the British labour market 1in
recent years, with which Jackman et al. are primar-
ily concerned. In fact, their data, showing small
variations 1in vacancy durations and steadily 1in-
creasing unemployment durations since 1975, polnt
more to an I-E/I-D-system at work, where the unem-

ployment I-E-process is clearly out of equilibrium.

If one accepts the homogeneity assumption of
Jackman et al. for the sake of the argument, how-
ever, one 1immediately finds that their reasoning
follows the same line as ours. Let f(U,V) = e have

the proposed homogeneity property: then it clearly
holds that

For example, it may be that

o 1-«

f(u,v) =k * U0 *vV

and, consequently,

~ =
1t
)

In this case the elimination of the scale effect
in the production of hires yields a relation in T
and T,, which changes when there are changes in
hiring efficiency. Consequently, Jackman et al.
argue that this relation should replace the UV-re-
lation. Thus their principle aim 1s the same as
ours: to eliminate the effect of the volume of
hires on a vacancy-unemployment relation in order
to establish a measure that can be used as .an indi-

cator of hiring efficiency.
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As we showed the search theoretical argument in
favour of a hiring function that is homogeneous of
the first degree in vacancies and unemployment is
weak. However, this assumption does take care of a
complication that may otherwise arise. One would
like to think that changes in size between labour
markets (as between different countries) should be
reflected in equiproportional changes in flows of
hires and in stocks of unemployment and vacancies,
ceteris paribus. If U and V are interpreted as ab-
solute numbers, this result does not hold in the
basic Holt model or our I-D/I-D-system; it exhibits
strong 'economies of scale' in hiring. Incidental-
ly, Holt (1970) addressed this question and pro-
posed increased ‘'compartmentalization' in large

labour markets as a counteracting force.

However, if U and V are interpreted as the ratio of
the stocks to the total labour force (or total em-
ployment) and e as the corresponding relative hir-
ing intensity, the intuitive result with respect to
changes in the size of the labour market obtains.
To see this let us denote the absolute number of
the unemployed and of vacancies by U, and V_, re-
spectively, and the labour force size by L, so that

vV =V, /L and U = Ua/L.

If the outflow intensities depend on V and U we get

Ua Va
= x* 2, - x 2
=kt L= kg
and
Va ' Ua
= * )\ = * = *
ea Va k L Ua [T

where e, is the absolute hiring intensity.



Hence
ea Va Ua
- 2 _ x 9 x 2 _ % *
e 3 k L 9 k U Y,

So with the suggested interpretation of the vari-
ables U, V and e as ratios, our Equation (1) ob-
tains in a form that is neutral with respect to
equiproportional changes in the volume of hiring
flows, unemployment and vacancy stocks and the

labour force size.

It should be noted that the procedure adopted above
is often used in the application of birth-and-death
processes in chenistry, where the transition pro-
babilities are made dependent on the concentration
‘ratio rather than the volume of an active substance
in a large system [cf. Gardiner (1983), Section

7.2.3, especially example b)].

6 An extension to on-the-job search

An extension of the model to include on-the-job
search offers few additional conceptual difficul-
ties. The supply side of the labour market is now
made up by two independeht processes, one referring
to the unemployed and the other referring to the

employed job searchers.

Let the stock of employed job searchers be denoted
by J and the expected search duration until a new
job is found by p ;. We might expect that the . stock
of vacancies has the same kind of impact on py as
on p (which we will in this section denote by Fa!
so that
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As vacancles will be filled by both types of job

searchers the hiring function now reads

e = U *k, *V+J*ky*v (3)
and, repeating the above argument,
X:U*kuw‘J*kJ

So we get the relations

_ _ -1
Py T kg PV =Ty

No= U * kg, +J* ky=T, 7! (4)
The relation between V and T, reflects as before
the ability of the labour market to turn the unem-
ployed into employees, whereas the relation between
U and T, 1is now in addition also dependent on the
stock of on-the-job searchers and their 'availabil-
ity effect' adjusted reemployment probability. The
straightforward conclusion is that changes in hir-
ing efficiency are reflected in changes in a rela-

tion between Ty, U and J.

When there is no reliable information available on
the stock of employed job searchers, one may take
advantage of the fact that the inflow into the
stock seems to be highly labour market induced. The
Swedish data on the volume of this inflow show a
strong procyclical pattern and Holmlund (1984) ex-
plains this observation by the impact of the chang-
ing probability of finding a job offer, i.e. the
availability effect of vacancies, over the cycle.
This conclusion can be formalized by stating that

the propensity of employees to enter job search is
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an increasing function of py = k; * V. Provided now
that the function is not strongly non-linear in yg,
we should expect the equilibrium value of J to be
approximately the same in the face of changes in
labour market conditions and hence J should tend to
be stable at the same value. In that case the UTy,-
relation should be only marginally disturbed by the
existence of on-the-job search; its changes can be
interpreted as formerly stated. [Note that the in-
flow into unemployment - at least in Sweden accord-
ing to Bjorklund (1981) - is not labour market in-
duced, so short run equilibrium arguments cannot

apply to U.]

7 Further remarks on the concept of hiring effici-

ency

It should by now be clear that our analysis focuses
on the efficiency of the labour market in a well-
defined sense, i.e. the efficiency of the interac-
tion between vacancies and unemployment in bringing
about new hires. In this section we broaden the
discussion somewhat in order to clarify some con-
cepts. However, a comprehensive treatment of the
"efficiency" of a search labour market requires a
more general approach that extends beyond the bor-

der of unemployment-vacancies analysis.

In this context it is worthwhile to reflect on the
conspicuous absence of an explicit hiring produc-
tion function interpretation of the UV-relation in
the literature between Phelps (1970) and Jackman
et. al. (1984). As we have argﬁed, this causal
interpretation 1is really one of the important re-
sults that emerges from the application of search

theory to the labour market. The hiring efficiency
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concept 1s an immediate consequence of that result.

How can it be that it has been overlooked?

The answer to that question seems to be that there
exists a vague 'efficiency' notion that has veiled
the one inherent in the search theoretical approach
to vacancies and unemployment. Regardless of which
mechanism it is that governs the flow of hires, the
stock of vacancies and of unemployment can always
be interpreted as temporarily unsatisfied demand
for hires (i.e. for new employees and for new jobs,
respectively). So 1in a sense these stocks can be
seen as indicators of how 'efficiently' the labour
market satisfies the demand for hires. However,
even in this sense they remain vague, as one may
clearly assign the same intuitive meaning to e.g.

the duration of vacancies and of unemployment.

The essential point, however, is that search theory
assigns an important complementary meaning to va-
cancies and unemployment. They do not only consti-
tute demand for hires, they are the 'resources' by
which hires are 'produced' through stochastic in-
teraction. The vague notion of ‘'efficiency' in de-
mand satisfaction can be replaced by the strict

concept of production efficiency.

It is here instructive to compare the search market
model with the neo-classical one. In the ideal case
the Walrasian auctioneer does all what is needed to
match vacant jobs and the unemployed. The efficien-
cy in producing hires is infinitely high by defini-
tion, so the gquestion of varying degrees of hiring
efficiency cannot arise. Stocks and durations are
kept at zero. When 'frictions' have been imposed on
the functioning of a neoclassical labour market, as

in the first theories of the Phillips curve, the
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deficiency in the competence of the auctioneer has
not been in establishing contacts between vacancies
and job searchers. Rather it has been in his abili-
ty to adjust wages so that the stocks of vacancies
and of unemployment balance exactly, before they
are eliminated. With such an interpretation, the
stocks indicate (lack of) efficiency in the wage

equilibrating ability of the market (auctioneer).

The connection with 'hiring efficiency' is at most
indirect; hiring may reach its maximum at the equi-
librium wage, but such an outcome depends on the
slopes of the demand and supply curves of labour.
Given the traditional assumptions on this matter,
hiring will be a decreasing function of the abso-
lute difference between the stocks of vacancies and
of unemployment (one of them ought to be zero).
Clearly the conceptual differences between a search
market and a neo-classical marKet model are so
great, that one cannot heedlessly make reference to
both of them.

This does not imply, however, that wage adjustments
play no role in the observed hiring efficiency of a
search labour market. On the contrary, as the
analysis in Chapter II demonstrates, the probabil-
ity of a hire at a recruiting firm is the product
of the probability of a contact with a job appli-
cant and the probability that the offered wage
exceeds his reservation wage. Generally speaking,
the hiring efficiency should increase if the wage
offer distribution over vacancies is shifted to the
right in comparison to the reservation wage distri-
bution over job applicants. Conditional on a con-
tact having occurred, the probability of a hire has
increased. As we claimed in Section 2, the effici-

ency factor k should reflect such effects.
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When there are more vacancies available, so that
the probability of a wage offer to any job appli-
cant increases, he should respond by increasing his
reservation wage [cf. the studies referred to in
Section 2 as well as the theoretical analysis in
Albrecht, Holmlund and Lang (1986)]. This is true
even 1f the wage offer distribution is unchanged.
Hiring efficiency may decrease because of this
'supply' effect, as was noted in Section 2. This
special type of relative shift in wage distribu-
tions is of cyclical character, so k will not be
cyclically stable, if the basic Holt model is im-
posed a priori. As the correlation between the
stock of vacancies and the position of the reserva-
tion wage distribution is very high, the supply
effect of vacancies shows up just as a non-linear-

ity in the estimated relation between e and V.

Some kind of a stock effect on the wage distribu-
tions 1s always to be expected. Consider, for exam-
ple, a change in the stock of the unemployed. As
the analysis in Chapter II demonstrates, an effect
on the wage offer of a firm exists, although it is
not clear-cut. Following the traditional assump-
tion, according to which there is no change in the
composite reservation wage distribution facing the
firm, the wage offer should increase, so the wage
offer distribution shifts to the right as a re-
sponse to an 1increased unemployment stock. As a
consequence hiring efficiency should increase by
this 'supply' effect, induced by the increased
availability of unemployed Jjob searchers. On the
other hand, it 1s conceivable or even likely that
the 'supply' effect of unemployment works 1in the
opposite direction, according to the results of
Chapter II. If so, the supply effects of vacancies
and of unemployment may tend to offset each other,

as the stocks are in general inversely correlated.
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When one of the wage distributions begins to move
the other one should in general respond to this
shift. How such a sequence of interdependent shifts
evolvesrover time is the kernel of the yet unex-
plored wage dynamics of a search labour market.
Some aspects‘of this issue should be noted, though,
especilally as it has been given a rather one-sided

treatment in other research contributions.

A change in the wage offer distribution should lead
to a change in reservation wage distribution in the
same direction, but there is in general no reason
to think that the latter change should completely
offset the first one, so that any recruiting firm
will find itself in an unchanged position as to its
hiring intensity (but see below!). As the unemploy-
ed make use of more favourable conditions in the
form of more vacancies as an opportunity to de-
crease their expected sojourn time in unemployment,
more favourable wage offer conditions should in

part have the same effect.

This observation justifies a comment on the empiri-
cal studies on the determinants of unemployment
durations, referred to in Section 2. Besides the
‘availability' and 'supply' effects of vacancies,
the data should also be influenced by a 'wage of-
fer' effect. This wage offer effect is presumably
correlated with the vacancy effects, because the
wage offer distribution should shift at such phases
of the business cycle, when the stock of vacancies
is large. The 'wage offer' effect being unspecified
in an econometric model, the result is of course to
increase the reported ‘'availability' effect and
decrease the ‘'supply' effect at high levels of

vacancies.



- 52 -

A more deneral remark concerns the fashionable
interpretation of job search models as to the unem-
ployed being completely satisfied with their pres-
ent expected unemployment duration, irrespective of
the position of the wage offer distribution. If the
wage offer distribution shifts to the right, so
will the reservation wage distribution to a com-
pletely offsetting extent. There exists no genuine
‘'wage offer' effect. Hence only unperceived wage
offer distribution changes can affect the unemploy-
ment duration. If this account of labour market
phenomena were true to any significant extent, it
would be detrimental to the hiring efficiency
concept. Hiring efficiency is registered as tempo-
rarily increasing Jjust because the unemployed are
fooled 1into employment by false expectations;
eventually, as the job searchers realize their
mistake, they gquit into unemployment and hiring

efficiency is restored to its lower level.

Although the above version of unemployment dynamics
happened to be associated Qith the search theory of
the labour market at an early stage, it is neither
a part of search theory per se, nor has empirical
evidence validated it. We are prepared to judge the
effect of misperceived wage offer distribution

changes as unimportant in practice.

Nevertheless, the idea that job-searchers accept
job offers without knowing the true characteristics
of the offer is clearly not unrealistic. In Holm-
lund and Lang (1985) a model is presented in which
there exist Jjob attributes, that are unobservable,
unless the job offer is accepted and tried out.
This mechanism produces a nice explanation of the
high gquitting rate of employees with short Jjob

tenures. Clearly, such a kind of uncertainty intro-
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duces the possibility of 'hiring failures' in the
sense that hiring should not have occurred, if the
job attributes were perfectly known beforehand.
When the truth is revealed, the hire results in a

quit.

The conclusion to be drawn from these observations
is twofold: the hiring efficiency concept is just
one aspect of the efficiency of job matching and it
is a reliable indicator to the extent that the
frequency of 'hiring failures' because of false or
uncertain perceptions does not change signific-
antly. It is a maintained hypothesis of the present
analysis that such changes can be disregarded. Of
course, this hypothesis is testable by observing
the on-the-job search behaviour of employees; cas-
ual inspection of the figures for Sweden, presented
in Holmlund (1984), supports it, as no conspicuous

change in this behaviour can be observed.

Having discussed the 'quality' of realized hires as
the output of the hiring production function, it is
quite natural to address the question of the 'qual-
ity' of the inputs. Leaving the vacancies and the
employed job searchers aside, we could rephrase the
question: are the unemployed job searchers the only
input in the production of hires? By definition
the unemployed are those in the labour force
without a job at present but actively searching for
one. This definition seems to be exhaustive, but
there are pitfalls. The category of the unemployed
borders in a fuzzy way both to those outside the
labour force - the discouraged workers - and to
those engaged in labour market programmes. One may
argue that hiring efficiency should reflect the
ability of the labour market to turn these latter

categories into reqular employees. After a period
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of long unemployment durations both the group of
discouraged workers and of individuals in labour
market programmes are likely to increase. As they
are not reported as unemployed, hiring efficiency
does not appear as low as it is. When they return
as unemployed, because of better labour market
prospects, observed hiring efficiency gets an

artificial downward bias.

One has to be careful here, though. To include the
marginal groups as input in the production of
hires, we must assume them to be prepared to search
for a Jjob at short notice. The fact that their
search 1s at present negligible must reflect a
well-founded belief that search 1is practically
useless. Consequently, we should expect such a
situation to arise primarily when the unemployment
process has become approximately an I-E-process. As
we noted above, hiring is then determined by va-
cancies. In such a case an assessment of the 'true'
unemployment figure is justified rather as an esti-
mate of the amount of idle resources that could be
used in hiring production under more favourable
circumstances, not as an estimate of the correct

hiring efficiency measure.

When the labour market is fairly balanced, so that
unemployment forms an I-D-process and the Holt
model applies, the effect of an (over)ambitious
labour market policy is to take unemployed job
searchers out of the market, at least temporarily.
The result on the production of hires can be looked
upon in two ways. The first view focuses on the
market process and disregards the individuals in
labour market programmes completely. The effect of
the programmes is consequently a reduction in un-

employment and an increase in the duration of va-
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cancies at an unchanged hiring efficiency. The
other view regards the individuals as being 'unem-
ployed' but with very small search intensity/high
reservation wages. The effect 1is consequently an
unchanged unemployment stock but increased vacancy
durations because of decreased hiring efficiency.
We adhere to the former view as being in the
spirit of the present analysis; the formally unem-
ployed (according to Labour Force Survey defini-
tions) are those engaged in the market interaction
with vacancies and any extension to include other

groups is bound to be fraught with arbitrary judge-

ments.

Let us at last make clear what should by now be
obvious; we do not venture into the area of ana-
lyzing the social efficiency of search labour mar-
kets, 1n which the realized allocation of search
costs and Jjob positions is compared to the socially
optimal one. The interested reader should consult
Pissarides (1984) with references for that type of

analysis.

8 Empirical evidence for Sweden

We are now going to apply our analysis to Swedish
labour market data, the reliability of which we are

able to assess.

As has been made clear we need figures on the
stocks and durations of vacancies and .of unemploy-
ment. As regards the employed job searchers there
are some figures available since 1976 for those who
search through the public employment offices. We do
not make use of them except as arcomplement at the
end of this section, however, as we need series for

longer periods of time.
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Data on vacancies are found in the monthly statis-
tical reports of the Labour Market Board. They are
made up by all unfilled job positions that are no-
tified by employers at the public local employment
offices. As empioyment exchange is a public monop-
oly in Sweden, all notified vacancies are included

in the statistical reports.

The vacancies are reported as being notified for
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