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ABSTRACT

This thesis comprises five chapters which are all concerned with the general
theme of sectoral shncks and unemployment duration. The first chapter motivates
the issues addressed in the thesis by establishing their relevance and originality.
The chapier begins by showing that the interaction between sectoral shocks and
unemployment duration has largely been ignored in the sectoral shocks debate.
The importance of unemployment duration at the theoretical level is demonstrated
and data are presented to establish the empirical relevance of the theory.

The second chapter constructs and analyses a two-sector model of labour mar-
ket search in which unemployment duration is an endogenoas variable. Structure
is imposed on the search process by adopting the “matching function” framework.
Probabilities of exiting unemployment are related to variation in the arrival rate
of job offers rather than just the offer rejection rate. The third chapter tests this
relationship between labour market tightness and the transition probability into em-
ployment using monthly data for three Canadian provinces. Testing methods use
flexible spline regression and isotonic regression methods to avoid the imposition of
extraneous restrictions. General concordance between theoretical assumptions and
empirical facts is found, and non-linearity in the estimated relationship is evidence
against a simple queuing model.

In the fourth chapter, a stochastic version of the model of chapter two is de-
veloped and applied to divergent patterns of unemploymen. durations in Alberta
and Ontario. An objective test of the pertinence of the model is conducted using a
Markov switching-regression estimation method. The estimation method recovers
parameters of a recruitment intensity function, Markov transition probabilities, and
probabilities over states. The results support the hypothesis that sectoral shocks
have affected unemployment durations.

The subject of the final chapter is the behaviour of the unemployment rate fol-

iii



lowing the 1982 recession. Two stylized fucts are examined: the greater persistence

in Canada relative to the United States and in Alberta relative to Ountario. The con-
tributions of unemployment insurance policy and sectoral shocks to these patterns

is evaluated and some support for the sectoral shocks explanation is obtained.
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Chapter One

Unemployment Duration and Sectoral
Shocks: Theory, Stylized Facts, and Data

1.1 Introduction

Without doubt, a central axis of debate in macroeconomics is the interpretation of|,
and explanation for, the existence of unemployed labour. The status of macroeco-
nomics as a distinct discipline is fundamentally linked to the question of whether de-
centralised ‘micro’ level decisions lead to well-coordinated aggregate outcomes. Some
hold that unemployment is prima facie evidence that labour markets are poorly co-
ordinated. Others argue that unemployment is simply a necessary adjunct to pro-
ductive activity so that the unemployment rate should arouse no more moral debate
than does the utilization rate of physical capital. These two polar views continue to
coexist largely due to a paucity of empirical evidence that can be used to discriminate
between the views.

Recently, an important contribution to this debate was made by David Lilien.
Lilien suggested that fluctuations in the aggregate unemployment rate may be due
to time-consuming labour reallocation caused by sector-specific shocks. Building
on concepts that date back (at least) to David Ricardo, this paradigm merges real
shocks and imperfect contemporaneous coordination of activity, and purports to ex-

plain fluctuations in unemployment. If the model is as empirically important as its
1
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supporters claim, it has significant policy implications since it admits no role for

activist demand-management policy but emphasises the importance of policies which

facilitate structural adjustment.

At present, the debate continues about the relevance of this view of unemploy-
ment. Empirical work has been conducted by researchers both in favour of, and
opposed to, this view, with no clear result yet obtained. This thesis is designed to
contribute to the debate by extending the analysis into a direction which is currently
under-expored. The innovation is the analysis of sectoral and regional differences in
the duration of unemployment. Unemployment duration should be a key element
of the sectoral shift view because aggregate unemployment exists only if resource
allocation is time-consuming. To see this, consider briefly the following points:

(i) If sectoral shocks can cause differences in unemployment duration, and mobility
costs are high, then sectoral shocks can affect the aggregate unemployment rate
even if there is not a great amount of sectoral reallocation of labour.

(ii) Sectoral differences in unemployment durations can lead to aggregation bias in
national measures of unemployment duration. This bias tends to create the im-
pression that long spells of unemployment are more important than is truly the
case.

(iii) There are significant differences in the time-series behaviour of unemployment
duration across regions and sectors. Points (i) and (ii) establish that the inter-
action of sectoral shocks and unemployment duration is important at the the-
oretical level. The consideration of unemployment duration effects contributes
to two current areas of concern in the sectoral shocks view: the stylized facts
that intersectoral labour flows are relatively small and that recent unemploy-
ment rate rises are largely attributable to the long-term unemployed. A sec-
toral shocks model which pays attention to unemployment duration has the po-
tential ¢~ account for these facts. Moreover, point (iii) strongly suggests that

these theoretical arguments are likely to be empirically relevant and not simply




theoretical possibilities.

The argument of this chapter is presented as follows. The chapter begins by
briefly reviewing the state of the sectoral/aggregate shock debate. The importance
of considering unemployment duration when evalu...ing the sectoral shock theory is
established by looking at two key interactions between these two. Following this,
stylized facts of the regional variation of unemployment duration are examined in
order to show that this phenomena is empirically important. Next, two sections
consider the empirical and theoretical research programs which are needed to establish
these insights. Related to this, a section is included that documents available data
sources for applied work. A brief final section concludes and points toward the desired

next step.

1.2 The Sectoral/Aggregate Shocks Debate:
A Brief Summary

The modern genesis of the sectoral shocks debate was the publication of the article
“Sectoral Shocks and Cyclical Unemployment” by David Lilien in 1982. As Lilien
himself has noted, the idea that resources are constantly subject to reallocation is
not itself novel. The modern resurgence of the question can be traced to several
factors: the sectoral effects of important oil price shocks in the 1970’s and 1980’s,
the apparent success of the origina! empirical work by Lilien, and the swing in the
economics profession from nominal explanations for business cycles to explanations
grounded in real factors.

The theoretical underpinnings of the Lilien argument are quite intuitive. In a
multi-sector economy, idiosyncratic shocks to relative prices, relative product de-
mands, input prices, and so on, prompt the reallocation of factors of production such
as labour from one occupation to another. Concrete instances of this are the move-
ment of labour from manufacturing to services following oil price shocks, and from

agriculture to manufacturing during the early development of an industrial econ-
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omy. Such reallocation cannot be accomplished without the passage of some time
and factors of production must accordingly spend some time idle. Several theoretical
explanations for such idleness of factors are possible, although concave adjustment
cost functions and imperfect information about job opportunities are the explanations
which enjoy the greatest currency.

Certainly, there is little reason to doubt Lilien’s view from a theoretical perspec-
tive. The crucial question is empirical in nature. It is necessary to measure the
response of the economy to sectoral shocks before one can conclude that such shocks
are important sources of business cycle fluctuations. Lilien himself began this process
in his original article. This work centred upon regression results intended to decom-
pose movements in aggregate unemployment into those due to sectoral shocks and
those due to aggregate demand disturbances. The basis of these tests was a regression

for the unemployment rate (U;):
Ug =a+ ﬂSng + ‘7Zg + €.

Here SIG; is a constructed measure of dispersion in hiring rates across sectors and
is roughly a standard deviation of cross-sectional employment growth. The vector
Z, contains monetary and fiscal policy variables which may also be thought to affect
the unemployment rate. Lilien obtained a positive sign on his estimate of # which
was of such a magnitude that a large amount of the movement in the aggregate
unemployment rate was explained by his measure of sectoral dispersion. The work of
Lilien was extended and applied to the case of Canada by Samson (1984). Using the
same definition of dispersion, Samson concluded that sectoral shocks were important
in Canada.

While these initial empirical results seemed very positive, it now seems that there
may have been some problems with the method. In particular, the SIG variable can
confound the impact of sectoral and aggregate shocks. Abrabam and Katz (1986)
discussed plausible scenarios in which aggregate shocks create dispersion in sectoral
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hiring rates. These effects can produce a relation between SIG and aggregate unem-
ployment even if sectoral shocks do not affect unemployment in any significant struc-
tural way. In an attempt to disentangle the effects of sectoral and aggregate shocks,
Abraliam and Katz looked at the relationship between the job vacancy rate and SIG.
It was their contention that vacancies should fall with SIG if SIG captures aggregate
effects but rise if it is measuring sectoral effects. In fact, the latter case holds and this
led Abraham and Katz to conclude in favour of aggregate shocks. Enlightened by
the Abraham and Katz analysis, Neelin (1987) re-examined the Canadian evidence
regarding sectoral shocks with an adjusted SIG variable which was constructed to be
purged of aggregate eflects. Neelin concluded that while regional shocks have had a
significant effect on the Canadian unemployment rate, there is no evidence to suggest
that pure sectoral shocks have had similar effects.

Other authors have also assembled evidence that questions the empirical relevance
of the Lilien hypothesis. First, Murphy and Topel (1987) conducted a detailed analysis
of unemployment using panel data for the U.S. economy. The following facts emerged

from their work:

(i) The increasein the unemployment rate during the 1970’s was largely attributable
to an increase in the number of agents experiencing spells of unemployment much
longer than the average spell,

(ii) total mobility in the economy is procyclical,

(iii) industry changers account for a minor and relatively constant proportion of total
unemployment.

These results are damaging for several reasons. First, the increased incidence of
long spells is often linked with the emergence of a class of long term unemployed
who have lapsed into a state which is almost indistinguishable from the category
labelled ‘not in the labour force’. This stylised fact is a challenge because it implies
that most sectoral reallocation is accomplished quickly and thus is uanlikely to cause
persistent changes in the natural rate of unemployment. A corollary of this is that
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changes in the unemployment rate are due to worker-related characteristics rather

than sector-specific shocks.

The second fact, namely that sectoral mobility is greatest during good times,
casts doubt upon the belief that reallocation is associated with significant losses in
production down to resources being in transit. Finally, the third assertion of Murphy
and Topel is that reallocation between sectors is neither quantitatively important nor
cyclically sensitive.

At present, the issues of the quantity of reallocation and the cyclical nature of
these flows is still under debate. Some of these results have been confirmed by other
research. Baldwin and Gorecki (1990), using Canadian data, concluded that sectoral
reallocation is small relative to total mobility. Furthermore, these movements tend to
be procyclical in Canada. On the other hand, work by Loungani and Rogerson (1990)
showed that there are fairly large flows between sectors and between ‘2-digit’ indus-
tries in the United States. Also, flows from services to manufacturing are pro-cyclical
while those from manufacturing to services are counter-cyclical. Lastly, Loungani and
Rogerson focus on permanent sector-switching while Murphy and Topel also include
temporary movements between sectors. Permanent movements are more meaningful
because they represent true sectoral reallocation and it is interesting that these flows
are found to be mildly counter-cyclical by Loungani and Rogerson.

These favourable results are supported by the work of Davis and Haltiwanger
(1991) which studied job creation and destruction using a very rich set of data for
U.S. manufacturing. Davis and Haltiwanger found that a great deal of job realiocation
occurs in the U.S.. The bulk of this rcallocative flow was attributed to idiosyncratic
shocks, however, rather than sectoral or aggregate shocks. This latter view is consis-
tent with a model in which unemployment results from the reallocation of labour but
is not traced to sectoral shocks of the type Lilien had in mind. What is interesting
about the Davis and Haltiwanger work is that they fail to find evidence of certain
patterns which we expect to sec in the data. It would seem reasonable that, a priori,



7

oil price shocks should induce floxrs between certain sectors. This does not seem to

occur. Notice, however, that the work of Davis and Haltiwanger is for manufactur-
ing only. The important sectoral shocks of the 1970’s and 1980’s may have been
flows between manufacturing and sectors such as primary resource extraction and
services. This would reconcile the Davis-Haltiwanger results with those of Loungani
and Rogerson.

A final criticism of the sectoral shocks view is expressed by Blanchard and Dia-
mond (1989). This work implements a method of identifying the provenance of shocks
based on restrictions on dynamic relationships. In particular, it is assumed that sec-
toral shocks cause vacancies and unemployment to move in the same direction while
aggregate shocks cause them to move in the opposite direction. The authors apply
this identifying restriction to U.S. data and conclude that aggregate shocks were more
important than sectoral shocks. Several problems with this reasoning are apparent.
First, the identifying assumption was not derived from an explicit theoretical model.
Second, the approach does not account for observed sectoral and regional variation
in variables such as unemployment duration.

The bottom line is thus that the empirical relevance of the sectoral shock view
has yet to be determined. To accomplish this, it would be desirable to extend the
debate beyond reduced-form regressions for the unemployment rate and vacancy rate.
Clearly, it is important to specify a fuller model of an economy with sectoral shocks
in order to break the current stalemate in the analysis of the empirical relevance of

sectoral shocks. The next sections of this chapter will show two ways of doing this.
1.3 Theoretical Implications of Regional
Variation in Unemployment Duration
Heterogeneous Unemployment Duration and Aggregate Unemployment

The summary in section 1.2 explained that an important criticism of the sectoral

shocks approach to unemployment fluctuations is that a large amount of sectoral




migratic 1s a necessary condition for substantial aggregate effects of sectoral shocks.
Some authors have concluded that such migration is not observed and have argued
from this that sectoral shocks are of relatively low importance. The flaw in this
syllogism is that sectoral shocks can have an effect on aggregate unemployment even if
there is no migration. To see why this is 8o, it is necessary to consider the determinants
of unemployment duration in a simple two sector search model.

The simplest model of search considers a case where unemployed workers find a
job with a constant probability A per period. One can simplify the analysis greatly
by assuming that this unemployment escape rate can differ between sectors but varies
directly with sectoral productivity. ! Also, it is necessary to generate unemployment
by assuming that there is an exogenous job separation process that leads to a constant
job loss probability of s. In this environment, the steady state unemployment rate is

given by:
s
s+

=

It is possible to insert plausible values into this formula to see how the unemploy-
ment rate in a two-sector model is affected by sectoral shocks. Consider an economy
in which the separation probability is 0.09. Suppose that there are two sectors which
each contain one thousand workers and the employment probability is 0.70 in each
sector. In this case, the steady state unemployment rate is 11.4 per cent and there
are 114 workers unemployed in each sector. If a sectoral shock occurs which raises
the matching rate to 0.9 in one sector but lowers it to 0.5 in the other (a seemingly
symmetrical shock), then steady-state unemployment rises to 153 in the bad sector
and falls to 91 in the good sector. The resulting aggregate unemployment rate is
244/2000 or 12.2 per cent. In short, the change in employment probabilities raise the
economy-wide unemployment rate from 11.4 per cent to 12.2 per cent.

A few comments can be made regarding this result. First, the intuitive expla-

1 These simplifying assumptions are not without justification. Chapter Two of this thesis shows
that they come out of an optimising model.
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nation for the rise in unemployment is that raising the matching rate has a lower
absolute effect than lowering it because, as the matching rate rises. unemployment
falls so that fewer searchers exist to be affected by the higher matching rate. Of
course, the opposite eflect is true when the matching rate falls. Next, this example
assumed that (i) neither sector experiences further separations and (ii) a pure sectoral
shock has symmetric effects on match probabilitics. If the bad sector experienced a
series of lay-offs, there would be a much larger increase in unemployment during the
adjustment to the steady state. Also, the empirical results of Chapter Three of this
thesis suggest that a concave relationship exists between measured recruitment ac-
tivity and matching probabilities. This add:tional non-linearity further amplifies the
impact of the asymmetry analysed here. Lastly, the steady state argument does not
consider what will happen during the adjustment period. Further theoretical work
is clearly needed to resolve this issue. In passing, note the curious result that if the
unemployed can migrate in this model they will move from a low match probability
sector to a high probability sector. This migration would tend to reduce the im-
pact of this sectoral shock on aggregate uncmployment rather than magnify it as the

conventional wisdom suggests.

(ii) Unemployment Duration Heterogeneity and ‘Long’ Spells of Unemployment

It has long been known that unobserved heterogeneity within a population can pro-
duce the appearance of a non-constant hazard rate for a population, even if individuals
all have a constant hazard. For example, suppose that the population consists of two
groups, both of which have constant but distinct per period probabilities of escaping
unemployment. If the two groups are indistinguishable to the observer, there will
seem to be an inverse relationship be.ween elapsed search time and the escape prob-
ability for the population as a whole. This is because, as search time increases, any
group of searching agents contains proportionally more of the low escape probability
type. This type of pattern to escape rates can create the perception of “too long”
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spells.

A numerical example is useful to illustrate how importaut this heterogeneity can
be. An example is constructed by drawing two random samples from distributions of
job search times in which the two sampies have different probabilities of finding a job.
It will then be possible to quantitatively evaluate the effect heterogeneity can have
on the shape of unemployment spell distributions. To cperationalise the example,
suppose that an economy exists in which one group has aa expected duration of
seven weeks while the other sector has an expected duration of fifteen weeks.?

Suppose that in each sector the conditional probability of leaving unemployment
after searching for 7 periods, the “hazard rate”, does not vary with 7 and is cho-
sen to yield the average durations listed above. Waiting times (¢) are exponentially
distributed and described by the following density function:

J(tA) = Ajexp — (Ait) .

The expected waiting time for an exponential distribution is 1/); and this allows
for parameterisation of the example. Two samples of 1000 observations each can be
drawn from exponential(1/7) and exponential(1/15) distributions. The series thus
obtained can be used to look at the apparent distribution of spells when the two
sectors are combined.

A qualitative presentation of the results from this experiment is provided by Fig-
ure One. This shows the hazard rate for leaving unemployment for a mixture of
exponential distributions with expected durations of seven and fifieen weeks. The
graph shows that the hazard rate for the mixture distribution falls with time spent
searching. In other words, it seems that agents face a probability of leaving unem-
ployment that declines with time spent searching. As a matter of fact, however, each
of the two groups of agents has a constant hazard rate. The dotted line in the graph

2 Incidentally, this was basically the situation for Alberts and Ontario, respectively, during the
mid-1970's.
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is for comparison purposes. It shows the hazard rate for a homogeneous popula-

tion with an exponential distribution for search time and an expected duration of 11
weeks. This population has the same expected duration as the m*<ture distribution
but instead has a constant hazard rate. Long spells seem to be more important in
the mixture distribution because individuals who have been unemployed for a long
time have a higher probability of remaining unemployed.

Figure One: Hazard Rate for Mixture of Exponential R.V.’s
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To quantitatively assess the degree to which regional heterogeneity can increase
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the importance of long spells, a tool used by Beach and Kaliski (1984) to examine
unemployment duration is helpful. Beach and Kaliski use ‘duration shares’ as a
measure of how important long spells of unemployment have been. Essentially, these
shares measure the proportion of total unemployment time that is accounted for
by each of ten ranges of spell lengths. To comstruct duration share measures, the
following method is employed:

i.) Write down the number of weeks of unemploymeat, d, for each spell observed in

a long ¥st.

ii.) Sort the elements from smallest to largest.

iii.) Next, divide the sorted list into ten equal groups G;,:1 = 1,2,...,10.

iv.) Create the decile sums S; = ‘g"d where the summation sign is over durations
that are elements of the group §,.

v.) Finally, calculate the duration shares for each group. These shares are defined by

DS; = Si/ £1°S..

These duration shares have been calculated for each of the three samples in the
numerical experiment and are presented in Table One. In the numerical example, the
two sub-samples have lists of 1,000 elements while the combined sample has a list of
2,000. The equal groups (deciles) created in step (iii) each have 200 elements for the
combined sample and 100 for the two sub-samples. An interesting feature of Table
One is that the low and high hazard samples have roughly the same distribution of
total days unemployed between the decile ranges. As expected, the 100 longest spells
account for the highest proportion of the total weeks unemployed. What is notable
is that, when these two samples are combined, the percentage of time acconnted for
by the longest spells, those in the tenth decile, increases from 32 or 33 per cent to
37 per cent. Departures from the homogeneous case of this magnitude were reported
by Beach and Kaliski, although not for the Ontario and Alberta case. It is also
interesting that there is no enormous change for the lower decile shares.

The numerical example makes it clear that with plausible amounts of heterogene-
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ity in a sample, there is a noticeable increase in the importance of long unemploy-
ment spells. Granted, it is clearly necessary to use empirical methods to examine
the sources of hazard rate heterogeneity. The theoretical analysis above cannot dis-
criminate between heterogeneity due to sectoral shocks versus low hazard individuals
scattered throughout the economy. Simply, the point established in this example is
that heterogeneity between regions rather than within them might be the important
factor in explaining longer spells. Finally, notice that sectoral shocks of this type

cause skewness toward long spells even if there is no sectoral migration.
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1.4 Selected Stylized Facts in Regional
Unemployment Duration Data

To show that unemployment duration has exhibited significant differences, a graphical
analysis is revealing. Figures I'wo through Five present monthly time series observa-
tions on provincial average unemployment duration series as measured by the average
elapsed duration variable provided in the Labour Force Survey. Each graph pairs two
series so that differences in behaviour are easily discerned. While neither exhaustive
nor rigorous, this approach has the virtue of allowing the reader to interpret for herself
the meaning of the differences.

The first graph shows series for Ontario and Quebec. There are clearly common
movements shared between the series, the most notable being the rise in unemploy-
ment duration during the 1982 recession. Equally clear are divergences. Between
1977 and 1980, there is a striking divergence of behaviour: unemployment duration
trended down in Ontario but up in Quebec. During the period of recovery between
1983 and 1987, unemployment duration fell steadily in Ontario while it was very much
constant in Quebec.

Figure Three compares series in Ontario and British Columbia. This graph shows
a phenomenon that recurs several times in this analysis. The unemployment series in
these two provinces behave quite similarly between 1975 and 1982. During 1983 and
1984, however, the fall in duration in Ontario seems to coincide with a rise in B.C..
After 1984, the series move again in the same direction but with something of a level
shift.

In Figure Four an interesting reversal of fortunes is revealed. During the 1980’s,
the average duration of unemployment was higher in Newfoundland than in Quebec.
This pattern reverses itself following the 1982 secession. Beginning in 1983, the aver-
age duration of unemployment is about five weeks shorter in Newfoundland. Figure
Five reveals a similar change of fortunes for Alberta and Newfoundland. Unemploy-
ment duration was far lower in Alberta than Newfoundland during the 1970’s and
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early 1980’s whereas, following the recession, the two series were at about the same
levels.

A few key facts can be synthesised from these graphs. First, regional differences
in average unemployment duration are large enough to be quite relevant. In the early
1970’s, for example, the average unemployment spell in Ontario was fifteen weeks
while it was only seven weeks in Alberta. This is an important difference. Next, the
average duration of unemployment can change fairly quickly over time. The response
at the time of the 1982 recession reveals this clearly. Finally, regional differences in
unemployment duration are not constant over time. The relative positions of Ontario
and Alberta reversed following the 1982 recession. The Ontario and British Columbia
series were very close until after 1982. A similar pattern emerges when comparing
Ontario and Quebec. Thus, regional differences in duration of unemployment are
both large enough and variable enough to provoke interest and motivate research

which can account for them.
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1.5 A Survey of Existing Empirical Work
on Unemployment Duration

Researchers in diverse fields are concerned with statistical models of duration. Bio-
statisticians study lengths of recovery periods or the time before a patient succumbs
to a fatal condition. Reliability analysts concern themselves with the distribution of
failure times for machinery and equipment. In economics, the length of time spert
searching for employment and the duration of employment have been the topics ot
both theoretical and empirical work. An excellent survey of the variety of statistical
methods which can be used to study the duration of unemployment is provided by
Kiefer (1988).

The existing empirical literature on unemployment duration can be divided into
three general categories: cross-sectional studies of the shape of the durationdi  wu-
tion, analysis of the pattern of unemployment duration over the cycle, and the effect
of policies such as unemployment insurance on unemployment duration. The issue
of sectoral and regional differences in unemployment duration seems t¢ have eluded
direct analysis by researchers. Some studies have included regional or sectoral vari-
ables as explanatory variables but none have directly attempted to determine how
recruitment activity in markets has affected employment probabilities.

An interesting study by Corak (1990) of duration in Canada uncovered effects
due to age and education but failed to find much evidence of differences in duration
between provinces. The exceptions were between Quebec and Ontario and Newfound-
land and Ontario. Two possible explanations for this are possible. Firstly, the use of
a dummy variable technique in a parametric duration model will only reveal differ-
ences between the reference province and others directly. This work does not seem
to have conducted tests of differences between durations in, say, Saskatchewan and
Nova Scotia. Of course, Ontario does seem to provide a good base case.

More significantly, the work of Corak included other determinants of duration such

as age and education level. The differences in duration in the monthly time series data
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may reflect the impact of omitting these effects. This would provide an interesting
explanation of observed differences in duration. This seems unlikely in light of more
recent (unpublished) work by Corak which extends the original analysis but uses the
1986 Labour Market Activity Survey data®. These results shows significant provincial

effects in a broad range of provinces, in spite of the inclusion of other variables.

One important line of inquiry concerns the effects of heterogeneity on observed
distributions of unemployment duration. As the example of section 1.3 above illus-
trated, cross-sectional distributions of waiting times can be affected by heterogeneity
within the population of searchers. In particular, falling hazard rates and increased
importance of long spells can be produced by a sample with unobserved heterogeneity.
This type of feature has been of interest to researchers since Clark and Summers began
to talk about the role of the long-term unemployed in unemployment fluctuations.

Work by Sider (1985) for the U.S. and Hasan and DeBroucker (1982) for Canada
examine the extent to which a small sub-group of the unemployed account for a
disproportionately large amount of search time. These studies confirm that there
is heterogeneity with regard to escape rates from unemployment. This heterogene-
ity manifests itself by producing hazard rates which appear to fall with time spent
searching and by adjustments in the shape of the duration density function which
attribute greater weight to longer spells of unemployment. Recall that this should be
expected given the results reported by Corak in his more recent paper. In addition to
the regional heterogeneity mentioned above, Corak also finds considerable evidence
in favour of the hypothesis that older workers have lower probabilities of leaving un-
employment. An interesting exercise would be the use of the Corak results to see
which of these effects would produce more pronounced ‘long spell’ effects.

Finally, there is a recent contribution to this literature which provides an impor-
tant note of caution for the field in general. A receant study by Addison and Portugal

3 These results were presented at the 1990 meetings of the Canadian Economics Association in
Victoria, British Columbia.
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(1987) estimated a general parametric model which has the virtue of nesting many of
the distributions commonly used in applied work. For instance, the Weibull and ex-
ponential distributions result when certain parameter restrictions are imposed. The
work finds that conclusions about the dependence of hazard rates on time can be
overturned when different restrictions are imposed. Also, a key finding is that shapes
of distributions are often different for recipients of unemployment insurance benefits
versus non-recipients. One clear implication of this work is that some commonly used
distributions are too restrictive. Also, heterogeneity is again confirmed, this time due

to a different source.

The second group of empirical studies are concerned with the cyclical properties
of duration. Dynarski and Sheffrin (1982) discuss the conventional wisdom o this
question and note that there have been conflicting results. In some cases, higher
unemployment rates have been associated with shorter durations of nnemployment
(i.e. Solon (1985)) while in other instances individual durations have been found
to rise with the aggregate unemployment rate (i.e. Katz (1985)). Dynarski and
Shefirin note that this is consistent with a reservation-wage model in which the cycle
produces changes in wage distributions that have ambiguous effects. Note also that
the sectoral aggregate shock case could matter here. A sectoral shock may produce
‘in transit’ workers but the duration of unemployment could be short as a result
of intense recruitment by expanding firms. The conclusions of this work are that
individual duration does increase with the aggregate unemployment rate and that,
during periods of recovery, the greatest rise in employment probability is for those
unemployed for long periods. The paper uses individual-level data and this leads to
the conclusion against the Darby, Haltiwanger and Plant (1986) theory of cyclical

variation in duration based on sorting effects.

Finally, some researchers have analysed how unemployment duration is affected
by government policy with regard to entitlement periods for unemployment insur-
ance. Meyer (1990) and Ham and Rea (1987) analyze this for the U.S. and Canada
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respectively. Generally, this work confirms the prediction from search theory that
hazard rates rise toward the end of benefit periods.

It is not easy to draw conclusions from this fairly diverse body of work. Several
comments are in order, however. First, there is evidence that observable factors, such
as regions and sectors, affect unemployment duration. Nevertheless, it seems unlikely
that the factors identified thus far are able to explain observed movements in regional
unemployment data. In particular, the rapid changes in absolute and relative levels
of these series lefy explanation based on demographic factors. The age and skill
profile of a province changes only but slowly and such explanations for heterogeneity
in provincial unemployment duration seem lacking; hence it is desirable to consider
that region or industry specific shocks mat be the source of regional unemployment

rate heterogeneity.

1.6 Theoretical Models of Regional
Unemployment Duration

This literature seems to suffer from a double-coincidence of wants. Models with more
than one sector do not have variable unemployment duration and likewise multi-
sector models of search and unemployment do not have endogenous unemployment
durations. Taking the latter class of models first, island-economy search models
such as those of Lucas and Prescott (1974) and King (1990) assume that search
continues for a fixed period of time only and are thus unable to address the observed
facts. A two-period model by Rogerson (1987) also presents a model of sectoral
reallocation with search but the dynamic properties are not well established. Other
models of unemployment, such as the lottery models of Hansen (1985), have variable
unemployment duration but lack the concept of vacancies. Wright (1986) studies
variation of duration in a signal-extraction model with search but sectoral differences
are not possible with such aggregate shocks. In summary, no model currently exists

which accounts for sectoral differences in duration within a model of reallocation.
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A natural way to bridge this gap is to use the matching function approach to en-
dogenize unemployment duration. The use of stochastic matching functions is largely
due to the work of Mortenson (1982) which examined models in which the number
of matches is a function of the number of participants on either side of the market.
Since then, Pissarides (1987) has used this tool to provide a theoretical explanation
for stylized facts of the time series behaviour of vacancies and unemployment (the
‘Beveridge curve’). Blanchard and Diamond (1989) bave calculated empirical esti-
mates for a parametric matching function using U.S. deta and have used them to
study the relative importance of sectoral versus aggregate shocks. To date, this ap-
proach has not been adopted in other multi-sector models of adjustment, however.
A multi-sector model in the matching function vein is desirable because it contains
all the variables currently examined in the sectoral shocks debate (unemployment,

vacancies, wages) as well as unemployment duration.

1.7 A Description of Data Available
for Empirical Testing

To deal with the issue of unemployment duration and sectoral shocks it is vitally
important to assemble data for empirical testing. Some sources have been used in
the analyses of unemployment and vacancies by Lilien and Abraham and Katz. Also,
Blanchard and Diamond (1989) used data to calibrate a matching function in their
‘minimalist’ model of labour market dynamics. Nevertheless, there is not an abun-
dance of readily available data, especially for unemployment duration and for Canada.
Accordingly, it is useful to list and describe sources of data which may be of use to
future researchers.
Measuring Recruitment Effort by Firms

Ideally, the argument in the matching function which captures the firm's input to

the matching process should be some measure of total hiring intensity. Unfortunately,

such data cannot be collected directly so that researchers must make do with proxies
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such as numbers of job vacancies or outstanding offers. Several sources of such data are
available: counts of newspaper “Help Wanted” advertisements, vacancy surveys from
employers, and records of posted job vacancies from Employment and Immigration
Canada. This section discusses the availability and suitability of these various data
sources.

First, the Help Wanted Index (HWI) collected by Statistics Canada provides
a monthly measure of job advertisements. The methodology underlying the index
changed somewhat in 1989 and so the series has to be described in two steps. Orig-
inally, between 1962 and 1988, these measures were based on counts of help-wanted
ads in 18 major Canadian newspapers. As well as a national series, regional series for
British Columbia, the Prairie Provinces, Ontario, Quebec and Atlantic Canada are
available. Historical series, both adjusted for seasonal variation and unadjusted, are
available in the 1988 issue of Statistics Canada Publication 71-204.

Changes to the Help Wanted Index were made in 1988 with the intention of
removing certain problems with the index. Problems were encountered when news-
papers changed type sizes which created spurious variations in the HWI. To avoid this
problem, a new index was begun which simply counted ads rather than measu '1g
column inches. Unfortunately, historical values for the new series are only available
beginning in 1981. This is a problem because the old index was not calculated after
the end of 1988. This means that there are no contiguous series which are both up
to date and available for a lengthy historical period. The severity of this problem
may be mitigated, however, by the fact that analysis shows no evidence of significant
differences between the behaviour of the old and new series. For example, Statistics

Canada reports that the correlation between the new and old series over the period
1981-88 was 0.97.4

Conceptually, the Vacancy Survey is the most desirable data source because it

4 See Haggar-Guenette, Cynthia, “The ‘O’ and the ‘Revised’ Help-wanted Index: A Compari-
son”, Statistics Canada Publication 71-204, 1988.
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measures recruitment intentions directly rather than through advertising activity. It
seems likely that such a measure would be unaffected by changes in prices of Help
Wanted advertisements or market structure in the newspaper industry. Of course,
this type of survey is subject to all the possible shortfalls of mrveﬁ in general.
The incentive for firms to truly reveal their recrnitment intentions may be weak.
Furthermore, there is ambiguity concerning the concept of a vacancy. Firms could
make statements to the effect that ‘there’s always room for a good, committed worker’
but this cannot really be construed as a vacancy. The advantage of help wanted
advertising is that it is costly to the firm and therefore reveals a true desire to recruit

a worker.

On a practical level, the survey is a rich source of information about vacancies
in various regions and sectors. Data are disaggregated by province, by occupation
category, and by industry. Provincial industry data are also available. In addition,
separate series are collected for long-term versus short-term vacancies. This latter
distinction may allow for some indication of which vacancies are really perpetual
openings for skills in short supply. Unfortunately, the quantity of information avail-
able from this source is limited by a quarterly frequency and the cancellation of the

vacancy survey in 1978.

Given the Limitations of the vacancy survey data, it is to be hoped that the HW]1
performs well as a proxy. To investigate this question, it is useful to compare the
behaviour of these series over the periods for which both were available. The monthly
HWI series can be converted to a quarterly basis by taking averages of the three
quarterly values. Regional comparisons can be made directly for British Columbia,
Ontario and Quebec because HWI series are available for these three provinces. In
addition, the Alberta vacancy series could be compared with the HWI for the Prairie
Provinces because Alberta likely receives a high weight in this series and because

Alberta is a particularly interesting province due to its reliance on natural resource

extraction.
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Graphs of these pairs of series are presented as Figures Six through Nize. In the
graphs for Ontario and Alberta, the coherence between the two series is striking (note
that two scales are used to account for level differences). Furthermore, correlation
coefficients are around 0.9 for Ontario and 0.84 for Alberta. The lower value for
Alberta may reflect the use of the HWI for Alberta, Saskatchewan and Manitoba to
proxy that for Alberta but could also be due to sampling error in the correlations.

For British Columbia, the behaviour of the two series differ much more. There
seems to be a break in the relationship between the vacancy series and the HWI during
the middle of 1974. This break is more in the nature of a level shift than a change
in dynamic behaviour so the usefulness of the British Columbia HWI data is also
confirmed, although with some reservations. It is in the Quebec series that a strong
difference in behaviour emerges. Reported vacancies from Quebec rose through 1573
and then fell back to approximately the level of 1971 by 1978. The HWI, on the other
haad, rose through 1974 but then stayed constant for the remainder of the sample. No
immediate resolution of this puzzle seems to be available. One possibility is related
to the period of political uncertainty in Quebec before and after the election of the
Parti Quebecois government in 1976. It may be that employers in English Canada
placed advertisements in Quebec newspapers in order to attract valued workers who
might be inclined to leave Quebec. Whatever the explanation, this puzzle suggests
that care must be exercised when using the Quebec HWI and that it may provide an

interesting topic for future research.

The results provide strong evidence in favour of the usefulness of the HWI for
Ontario and Alberta. Cleasly, if either the HWI or vacancy survey is bad, then both
are. It would be surprising that both series are flawed in the same way since the
methodologies underlying the two series are quite different: the HWI is derived from

counts of newspaper advertisements while the vacancy survey was a direct survey
of employers. For British Columbia this conclusion is weaker, while for Quebec it

seems that at leasi one of the measures of recruitment activity has problems. It is
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possible to conclude from this that, at a minimum, the HWI was a good indicator of
movements in recruitment activity during the 1970’s in certain key provinces.

The broader question of whether any of the HWI series continue to perform
well is more difficult to answer. On the one band, a close link between the HWI and
Vacancy Survey data in the 1970’s is cause for optimism during the 1980°s and 1990’s.
A more pessimistic note is sounded by the work by Katherine Abraham (Brookings
Papers, 1987:1) which uncovered evidence of a gap between the U.S. HWI and vacancy
surveys which began in 1981. This problem was attributed to changes in employment
mixes and declines in competition in the newspaper industry. Clearly, both of these
phenomena manifested themselves in Canada as well as the U.S..

Abraham conducted research to correct for these factors but, to date, this has
not been done for Canada. Nevertheless, pending the completion of such research, it
should be noted that the correction Abraham applies is a “drift” factor which corrects
for a monotonic shift in the HWI over time. To the extent that this effect always
goes in one direction, the HWI remains useful outside of the 1970’s as a measure of

the trends in recruitment intensity.

Some hope for the future resolution of this problem is fostered by the existence
of vacancy data kept for administrative purposes by Employment and Immigration
Canada. District-level statistics on posted vacancies by occupation code are available
and these should give some more direct indication of recruitment activity than is
possible from newspaper advertisements. Unfortunately, these data are in hard-copy
form and have not been collated so that the creation of a data-base will be a time-
consuming task for future research. The appendix to this chapter provides further
information segarding the disposition of this information.

It is to be noted that two other sources of vacancy data are available, although
neither adds significantly to those discussed above. First, the Technical Service Coun-
cil, a private consulting and placement service located in Toronto provides a quarterly

survey of job vacancies for professionals such as accountants, engineers and executives.
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This organization is industry-sponsored and seems to be largely designed to find new
employment for persons laid-off by member firms. Nevertheless, the report provides
some aaecdotal evidence with explanations that focus on specific industry develop-
ments. The usefulness of this is hindered by the lack of data for non-professional
categories.

A second measure of job vacancies is calculated by the Canadian Labour Market
and Productivity Research Centre. These are based on observed movements in the
Help Wanted Index with units applied based on a methodology explained in a paper by
Kapsalis (1988). Essentially, it is assumed that the number of frictional unemployed
equals the number of vacancies and that all unemployment in 1966 was frictional.
After this, the Help Wanted Index is used to build up a current vacancy series. This
seems to add little to the HWI save units and the vacancy series provides a natural

and simpler way to attribute units.

Measures of the Stock of Searching Workers

The Labour Force Survey which is conducted by Statistics Canada on a monthly
basis provides information about three stocks: the unemployed, the employed, and
those not in the labour force. These data are available in various disaggregations: by
province, by age group, and by sex. The data also exist for a fairly lengthy period of
time.

Clearly, all three types of agents may potentially take a job vacancy at a firm.
The unemployed are most likely candidates for searchers since they are, by definition,
desiring of work. Blanchard and Diamond have documented flows from out of the
labour force directly into employment, however, indicating that this is also a source of
matches. Finally, it is clear that employed workers may engage in on-the-job search
to find better jobs. All of this means that it is far from straightforward to determine
how the pool of searchers should be measured.

It is clear that the appropriate choice of a searching pool is an empirical rather
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than theoretical issue. Along with the Labour Force stocks, data is also collected on
gross flows between the three states. These flows can be used to compare the flow
probabilities into employment from each of the three labour market states. This work
has been partly undertaken for the United States by Blanchard and Diamond and
could be done for Canada given the availability of similar Canadian data starting
in 1976. This exercise has not yet been done here and so the current maintained
hypothesis will be that the reported unemployed is the appropriate search pool on
the workers’ side.

An alternative source of data is the Labour Market Activity Survey (LMAS)
which was conducted by Statistics Canada as an add-on to the January and February
Labour Force Surveys (LFS). A sub-sample of LFS respondents are asked to provide
detailed retrospective information on a weekly basis regarding labour force status and
methods of job search. The potential advantage of this is to identify more clearly the
willingness of workers to take a job and the intensity with which they searched. A
major drawbacks is that, as Jones and Riddell (1991) document, the form of the LMAS
questionnaire actually destroys some of this useful information about unemployment
and movement out of the labour force. Also, the data are availableonly for, at most, a
two-year longitudinal survey period which precludes the assembly of a long time-series

account of individual search behaviour.

Measures of Unemployment Duration/Matching Probabilities

One direct method of unemployment duration is provided directly through the Labour
Force Survey. An ‘average duration of unemployment’ variableis collected which takes
total elapsed time spent unemployed for all those currently unemployed and divides it
by the size of the unemployed stock. This vasiableis availa’ lefor each of the provinces
in Canada. Problems with the variable are that it (i) only measures elapsed time (i.e.
spells are right censored) and (ii) averages over all agents so that the average could
change whenever a non-representative group of individuals exit unemployment.
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A second measure of unemployment transition probabilities is yielded by gross
flows data. It is possible to take the flows out of each labour force state and divide
them by the corresponding stocks to yield measures of instantaneous transition prob-
abilities. While also subject to heterogeneity bias, these measures do not suffer from
truncation problems or the problem that they are complex functions of past hazard
rates. These measures of probabilities have been calculated from available gross flow
data and are used in Chapters Three and Five of this thesis.

Finally, the Labour Market Activity Survey has measures of weekly labour force
status and can thus be used to determine the length of unemployment spells. Of
course, the problems mentioned above with the design of the questionnaire limit the
value of these data but there is, nevertheless, a great deal of individual specific data
on the duration of non-employment spells (although not specifically unemployment)

available from this source.
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1.8 Conclusions

A summary of the various currents and eddies discussed in this chapteris now in order.
First, recall that the sectoral shocks debate strikes to the heart of macroeconomics
since it concerns the interpretation of unemployment. Next, at a theoretical and
empirical level, it is important to broaden this debate to include a comnsideration
of unemployment duration as well as the unemployment rate. It was shown that,
presently, there is no comprehensive account of both observed phencmenon and their
relationship with theory. It was also shown, however, that the lack of empirical testing
does not reflect a scarcity of data.

Given the above, there is a clear need to underiake research in the area of search,
unemployment duration and sectoral shocks. One important need is for a multi-sector
model of unemployment with endogenous duration. This allows for the testing of the
sectoral shocks model and the more careful formulation of identifying assumptions
of the type used by Blanchard and Diamond. Next, attempts must be made to
empirically determine the source of unemployment duration heterogeneity. This will
help in the ac-ounting for the aggregate unemployment rate. Finally, empirical work
which Jooks at the contribution of unemployment rate heterogeneity to aggregate
unemployment rates and skewness in distributions is needed. Several of these avenues
of investigation are the subject of other chapters in this thesis. Others will form the

basis of planned future research.




Chapter Two:

Unemployment Duration Dynamics
with Sectoral Reallocation

and Equilibrium Search

2.1 Introduction

The level of the unemployment rate is a perennial magnet for research in both the-
oretical and applied economics. Of late, however, increased attention has also ber -

accorded to the duration of unemployment - that is, the amount of time the unem-
ployed take to find a job. This interest in unemployment duration can be attributed
to several factors. First, modern choice-theoretic macroeconomics treats the labour
market state of an individual as the outcome of a decision-making process given the
economic environment. The duration of unemployment thus reveals information that
is interesting from the viewpoint of economic analysis. Likewise, empirical research
has lately fixed upon interesting puzzles apparent in unemployment duration data.
Among these are the concentration of unemployment time in spells of long duration
and the divergent records of regions of Canada with regard to unemployment dura-
tion. Together, these factors have served to increase the need for research into the
determinaats of unemployment duration.

This chapter carefully constructs and analyses a two-sector model of labour mar-
34
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ket search in which unemployment duration is an endogenous variable. The inclusion
of two sectors allows for the derivation of testable implications regarding unemploy-
ment duration both within and between sectors. One virtue of the endogenisation of
unemployment duration is the improvement it represents over previous multi-sector
models of labour markets which have imposed a fixed duration of search. These
past analyses have excluded a potentially important variable when studying sectoral
reallocation. The inclusion of unemployment duration may ultimately aid in the
decomposition of enemployment rate movements into aggregate and sectoral factors.

Structure is imposed on the search process by adopting the “matching function”
framework wherein the number of successful matches within a market is related to
the number of searchers of each type. A virtue of this approach is that transition
probabilities from unemployment to employment are affected more by variation in the
arrival rate of job offers than by the offer rejection rate. This accords well with recent
empirical studies such as Jones (1988) and Holzer (1988) which suggest that offer
acceptance probabilities tend to be close to one. Finally, in contrast to reservation
wage models, this method of endogenising duration does not rely on the confusion of
relative and nominal price changes. This is fortunate because the profession views
the empirical validity of such missperception with mounting skepticism.

Given the approach of the chapter, the empirical predictions that it yields help
to provide ways to conduct general tests of matching function models. Pending the
outcome of such tests, it is difficult to determine the practical relevance of theoretical
work in this paradigm. Recently, papers by Davidson, Martin, and Matusz (1988)
and Hosios (1990) have explored the implications for multi-sector trade theory of
matching rate models. A byproduct of this chapter will be suggestions for global
empirical tests of these types of models.

The heart of the chapter is a model of a simple economy with two spatially
separated sectors or regions. A certain proportion of the labour force in each sector

is mobile and can migrate between sectors. In contrast to the unspecialised labour
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of the model, capital is completely specific to its home sector. Workers and firms

who wish to effect an exchange do not have access to a centralised spot market
for labour. Instead, there is a time-consuming search process whereby unemployed
workers and job vacancies are brought together. Moreover, this process is stochastic
so that there is uncertainty regarding the amount of time that will elapse until a match
is consummated. In this framework, there are two decisions which agents must make.
First, an unmatched capitalist must determine whether it pays to expend recruitment
effort by opening a job vacancy. Second, mobile workers must commit to searching
in one of the two sectors and so have to consider the return to migrating between
sectors.

The first section of the chapter following this introduction describes the envi-
ronment of the mode! in some detail. Next, optimal decision-making is described in
a general stochastic framework and the concept of an equilibrium is defined. The
remainder of the chapter then restricts the environment to one in which shocks are
perceived to be perfectly persistent. This allows for analysis of the steady state of the
model and adjustment following ‘rare’ shocks such as the initial OPEC oil price rise.
A subsequent section summarises the results and focusses on the empirical predictions
of the model. The final section of the chapter considers possible extensions to the
model.

2.2 The Environment of the Model

This chapter examines the properties of a simple two-sector model in which labour
market participants have to engagein search to find a match. At each datet, thereisa
constant aggregate labour force of size L which is allocated endogenously between two
sectors in quantities L, and L;,. In each sector, the labour force can be separated
into those working (N;,) and those searching for employment (U;,). Working and
searching are mutually exclusive activities.

Search is two-sided in this economy since firms must search for workers in order
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to commence production. A position in search of a worker is called a ‘vacancy’ or
‘posted offer’ and is analogous to an unemployed worker. The number of vacancies
in section ¢ at time ¢ is denoted by O;,!. No upper limit is placed on the number of
potential vacancies in a sector; this is in contrast to unemployment which is limited
by the size of the labour force.

Firms in the model make decisions about whether to search for a worker or
whether a producing firm should be closed. Workers will decide whether they should
leave their current sector to search in the other sector. The only factor which flows
between sectors is labour. This means that the model accords particularly well with
agricultural or resource economies in which products can only be grown in certain
regions.

To fix ideas, output in the model may be thought of as the fruit of a tree so that
the capitalists are owners of the trees and the land they grow upon. The workers are
then paid to pick the fruit of the trees. Search arises naturally in this environment
since workers have to find a tree which is in need of husbandry. Search costs for
capitalists could reflect the fact that effort is expended to attract workers or the
fact that a tree yields no recreational value (i.e. shade) if it is prepared for tending.
Finally, while fruit-pickers may move between apple orchards and orange groves to
exploit favourable differentials, the trees are themselves fixed in place.

Preferences

All agents in the model are assumed to maximise expected discounted utility.
Preferences are additively separable over time and the period utility function is linear
in consumption. This rules out the question of risk pooling since all agents are risk
neutral. Only consumption enters the utility function, and it is assumed that all
current income is consumed since no opportunities for intertemporal exchange are

allowed. Given this environment, the objective is equivalent to the maximisation

1 O for ‘offers’ is used rather than V to avoid confusion with value functions.
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of expected discounted income streams. All agents are assumed to face the same

discount factor, 8, which is parametric to the model.

Production Technology and Product Market Structure
Two sectors each produce different goods although, within each sector, the prod-

uct is homogeneous across firms. Production combines labour with an input owned
by the capitalists. All workers are identical with regard to productivity both within
and across sectors. Firms in the model are single worker enterprises. Each sector
faces a downward sloping Marshallian demand schedule for its product. Output at a
particular location is characterised by a constant marginal product of labour.
Production equals employment in this environment so that market and techno-

logical factors can be summarised by a singlc average revenue product function:

Via = F(Nig, pig) (2.2-1)

where: N;, is total employment in sector i,
Vi is the average revenue per worker in sector t,
piq is a demand shock to sector 1.

Assume:

ASSUMPTION 2.1 F is increasing in p and decreasing in N. Futhermore, F(N, )

is convexin N.

This structure of shocks is much the same as that used by Lucas and Prescott (1974)
in their multi-sector search model. The term ;. may reflect relative demand shocks
in world markets for the sector-specific goods. These shocks need not be independent
across sectors. With a slight modification the shocks could be due to changes in
sectoral productivity. Prices are expressed in terms of some numeraire rather than
either sectoral good.

In order to rule out a steady state in which all mobile workers are located in one

sector, make the assumption:
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ASSUMPTION 2.2 limy, o OF(N;, pi)/ON; = —oo for all .;.

This assumption is a boundary condition which states that the return to keeping
some production in each sector is very high. An analogous but weaker assumption
was made by Davis (1985) in his study of sectoral reallocation. Unemployment is of
variable duration in the current model and this stronger boundary condition is needed

to make proofs of existence of equilibria more tractable.

Search Technology
To this point, the algebra of the model is fairly conventional. The remainder

of this section introduces an important departure from the standard microeconomic
paradigm. Instead of frictionless transacting between labour market participants, a
model of real-time search is considered. The search process is modelled in a discrete
time framework to make explicit the passage of time and the sequence of events within
the model. The model assumes that there is a basic unit of work and search, which
may be a day, week, or month, depending on the context. It seems most natural to
begin with a view that one period equals one day.

At the beginning of each day, each worker is assumed to know whether she has
a job for that day. Similarly, capitalists know whether a worker will be reporting
to their plot or if a vacancy must be posted to locate a labourer. All agents are
also aware of current labour force and employment conditions in both sectors as well
as the current state of the shock terms u; and u;. Given this information, several
actions can be taken before work or search activities commence. First, employed
or unemployed persons may decide to migrate to search in the other sector. Also,
vacancies may be created or withdrawn by owners of capital. Finally, some firms that
are known to have a match with a worker could decide that the shadow value of the

capital exceeds the return to producing.
The decisions made at dawn are acted upon before production or search begins. If




40

a worker chooses to migrate, she does so between 5:00am and 7:00am in a fashion that
entails neither pecuniary nor other costs. Similarly, sufficient time is available to post
vacancies before 7:00am. During the day proper, successfully matched pairs produce
fruit while unemployed workers and owners of vacant trees engage in search activity.
By the end of the day, it is known which searchers have succeeded in contacting
partners. However, it is also true that some pairs that were previously matched will
discover that they have suffered an exogenous separation shock.

The sequence of events in the economy is conveniently summarised in the following
‘daily agenda’ for a day labelled #:

5:00am All agents know if they are matched or not for the current day.
The value of the s tic shock terms yu,, and p3, are also
revealed at this point. Given this information, employed work-
ers decide whether to quit while all workers have the option of
leaving their current sector. Matched capitalists can cease to
ogente while unmatched capitalists may post or withdraw job
offers.

7:00am Matched pairs begin producing. Unmatched agents search for
a match. Those workers who migrated earlier in the day start
searching now in the new sector.

5:00pm Productive activities cease. Matched pairs learn if they have
suffered a separation. The outcome of search activity is revealed.

While engaged in search, flow costs/benefits accrue to participants in the search
process. Unemployment benefits for searchers are denoted by b and are net of the
direct costs of searching. A positive benefit may capture a pecuniary-equivalent value
of searching rather than working. Capitalists must pay a per-period cost of v which
could represent either the cost of effort expended to attract a worker or the foregone
shadow value of the capital resulting from its preparation for use.

The probability that any searching worker receives a job offer is assumed to be
some function of 6,,, the ratio of the number of vacant firms (O;,) to the pumber
of searching workers (Ui,) (i.e. 0;s = O;4/U;s). This relationship is derived from a
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function that gives the total number of matches (z;;) as a function of O;, and U; ,:

Zit = Xi(Uig, Oip)- (2.2-2)

Such a ‘matching function’ figures prominently in recent work such as Pissarides
(1987) and Blanchard and Diamond (1989) which have analysed labour market dy-
namics. Like a production function or utility function, the matching function repre-
sents a more fundamental feature of the economic environment. Using such a function
is more expedient than modelling the underlying physical facts of the search process.

The following assumptions are generally made concerning the matching function:
ASSUMPTION 2.3 X,(U;4,0,,) is increasing in both U; and O; and is concave.
ASSUMPTION 2.4 X,(U;,,0.,) is homogeneous of degree one.

Much ease of exposition is obtained by Assumption 2.4 since it implies that the
number of matches per searching worker can be written as a function of a single
variable, 0, ,:

Zit/Uip = Xi(Uis, 0i0)/Uix = Xi(1,6;,).

The probability that any given worker is matched is precisely this ratio of matches
to searching workers. This probability will be denoted by the function p;(6;,) =
Xi(1,0;,). The matching function is increasing in both of its arguments by Assump-
tion 2.3 and this means that the matching probability for a worker rises with 6;.
Intuitively, 6; is a measure of the ‘tightness’ of a labour market and high values of 6,
indicate that jobs are relatively abundant in sector 1.

Of course, the matching function also determines the number of vacancies that
are matched in each period. The ratio of matches to vacancies is:

2t Ois = Xi(Uis, 0i)/ Oip = Xi(1/6i4,1).

This ratio, which also depends on #;, gives the probability that a vacancy is
matched, denoted ¢;(#;;). Assumption 2.3 implies that ¢’(6;) < 0.
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In order to conduct the analysis of this chapter, the following additional assump-

tions are necessary:

ASSUMPTION 2.5 p;(0;) is strictly increasing in 0; for i = 1,2 and 0 < p;(§;) <
1 V 0<0<oo.

ASSUMPTION 2.6 ¢,(0;) is strictly decreasing in 0; for i = 1,2 and 0 < ¢;(9;) <
1V oo> 9.' > 0.

These assumptions mean that no matter how unbalanced an economy becomes,
no worker or firm is ever matched with certainty. This makes -lear the fact that
employment comes as the outcome of search rather than a ratioLung process where
one side of a market can be fully accommodated.

The final detail to be specified in the economy is the process by which workers
and firms suffer involuntary separations:

ASSUMPTION 2.7 In each sector a match dissolves with probability s per period.

This assumption may seem extreme but it allows for the analysis to highlight
changes in rates of flow out of unemployment. In terms of the model, it could reflect
the effects of localised disasters which render certain locations permanently non-
productive.? This assumption is necessary because with a constant group of infinitely
lived agents there would be zero unemployment in the limit if no separations occur.
Growth of the economy-wide labour force through new entrants to unemployment is
ruled out because this leads to a declining steady-state y;.

Rewards for Achieving a Match

In a search model like this, a surplus generally accrues to agents who succeed in
finding one another. Those who are fortunate enough to be matched can do no worse
than receive the return available from outside pursuits since they can always decide

2 Such an exogenous separation assumption has been used by Lucas (1987) and Pissarides (1987).
Within the abstract agricultural environment it is quite appropriaie. In general, it would be desirable
to endogenise separations. This could be done with & model of match specific and derived-demand
shocks such as formulated by Bull and Jovanovic (1988).
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to pursue this alternative occupation. In fact, the matched pairs will likely earn more
than their outside opportunity because the search process presents a barrier to entry.
Given the likely existence of economic rents, it is necessary to specify some mechanism

for allocating this surplus. Following Howitt (1988), it is assumed that:

ASSUMPTION 2.8 A worker receives a wage which is a constant fraction k of her
output.

This is a pie-splitting rule in which workers and capitalists get arbitrary shares
k and 1 — k of production, respectively. Any such split is a Nash equilibrium to a
one-shot pie-sharing game and no attempt is made to endogenise the sharing rule or

refine the equilibrium concept.

Dynamic Evolution of the Ecopomy

In a model such as this, where migration occurs within a period, the concept of
unemployment is ambiguous. This is because the beginning and within period pools of
unemployed workers differ by the amount of immigration or emigration. Accordingly,

it is important to be precise and to distinguish between beginning-of-period (5:00am)

unemployment, U/,, and within-period (7:00am - 5:00pm) unemployment, Uf;. It is

this latter quantity which matters from the point of view of the matching technology.
With the distinctions noted abov=, the evolution of the state of the labour market at
the beginning of each period can be described by the following difference equations:

Nig=Niyy + P(oi,t-l)U.",:_l —8Nis-1— Qiy — Riy, (22-3)
Ul = (1 = p8ig=1))Ufioy + 8Nigor + Mig + Qg + Ri.
Employment can fall due to quits (Q;:) and redundancies (R;,). Similarly, the pool
of unemployed may change due to quits, redundancies, or migration (M;,). By con-
vention, positive values of M;, indicate immigration. Note that a quit in sector ¢ may
be followed by immediate emigration to the other sector so that a quit may have no

net effect on unemployment in a sector.
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Stochastic Structure

Finally, the role of uncertainty in this model requires some explanation. It is
assumed that the vector stochastic process (u;,u3) follows a finite state first-order
Markov process. There seems to be little to gain from assuming a countable infi-
nite number of states rather than an arbitrary finite number of states since both are
approximations. In genmeral, no restriction is placed on the correlation structure be-
tween shocks. Restrictions on this structure will characterise economy-wide shocks
as aggregate, sector-specific, or a combination of these two. It is also possible that
the shocks are perfectly persistent. When making decisions under uncertainty, agents

form expectations rationally.

2.3 Decision-Making in the Search Model

Decisions are made based on an information set that can be summarised by using the

following pair of state vectors:
Zig = {Niss thists Lits Njgs 50, Lja},

z)"-{NJhI‘J.hLJ,h ity Bigy ,t}

The convention is that, in each sector, the home-sector values of the shock, employ-
meat and labour force enter the state vector first. Here, L;, is the beginning of period
labour force (= N;, + U/,). This initial labour force differs from :he within-period
labour force because of the possibility of migration. Based on the information in
{2is:2;.}, agents will act in such a manner that the values of the market tightness
variable, 8, and the levels of migration, M, will be decided for each sector. These
relationships will be described by the stationary rules:

Ois = O(2i4),

M.',. = ﬂ(z.-,,).
In any equilibrium, it must be true that if agents form their expectations assum-

ing some particular form for these rules, then the decisions formulated under these
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expectations must, in turn, imply the assumed rules. At the point of making their
decisions, agents take as given arbitrary values of 8§ and M. In equilibrium, however,

these values must be consistent with the decisions taken by agents.
Firms
The entry decision of an unmatched capitalist requires that she compare the value
of posting a job offer versus the value of leaving capital non-productive and enjoying
some alternative shadow return. This involves computation of the value of running a

producing firm at time ¢. Conditional on fixed values of 8;; and M, ,, the maximised

value of a producing firm is described by the recursive equation:
Vi i) = max{0, (1 - F (Nogy i) + 4 S [(1 = U7 (30) + sV2(a1)|Pr(aifans) },
i=1
(2.3-1)

where V9(2;,), the maximised value of a vacancy, comes from:

VP (ai) = max{0, 748 3 [(1- (B V() + 480 ()] Prtaoin)}. 2:3-2)
=1

In these two equations, the value functions do not need to be subscripted by sector if

the matching function has the same form in each sector.

Workers
To make the migration decision, a worker must compare the reward to searching in
her current sector against the value of leaving to search elsewhere. Given the structure

of the economy, it is possible to write the maximised value of being employed in a
sector ¢ as:
V¥ (210) = max{ VY (3;0), EF (Nogs i) + B[ (1 = )V (30) + 8V )| Prtmlncs) .
=1
(2.3-3)

while the maximised value of being unemployed is:

VP (aia) = max{ VY (1,0) +8 (1 - BBV (5) + POV (30| Priales) |
o (2.3-4)
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These two equations determine the discounted present values of being either an em-
ployed or unemployed worker in sector one or sector two beginning at time ¢, assuming
optimal action now and in the future. A worker would compute these at 5:00am on
day t to decide whether to migrate before beginning to work or search.

The value function for a worker currently employed reflects a binary choice deci-
sion. The first term is the value of quitting in order to move and begin searching in
the other sector. The second argument of the max operator is the value of remaining
in the home sector and working. This argument is itself composed of two terms. A
current wage term, ky;,, is the wage earned in period ¢. The second element of this
value of staying is the expected discounted value of participating in the sector in
the future. This expression reflects the possibility of a separation. The move/stay
decision of a worker matched at ¢ is made to maximise this value function.

There is also a binary decision facing workers currently destined to search in
sector i. If the worker departs for the other sector, the value of being unemployed
in that sector is immediately obtained. If the worker does not migrate, a current
period return of b is received and the worker also has a discounted expected value
of searching in the future. To maximise this expression, the unemployed also make
a move/stay decision. Notice that, with no migration costs in the model, there is
really no distinction between unemployment in either sector prior to the resolution
of the migration decision. It is only after migration decisions are acted upon that the
unemployed are differentiated since the probability of transit to the employed state

varies between sectors.
Equilibrium Conditions
It is assumed that:

ASSUMPTION 2.9 An abundant supply of unmatched capital exists in the econ-
omy aand there are no barriers-to-entry in the market for posted vacancies.

Consequently, the entry and exit decisions of those possessing unmatched capital
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force the value of a vacancy into equality with the shadow value of capital. This
shadow value is normalised to zero. Free entry and exit will accordingly require that
V2(2;,) = 0 for any time ¢ and sector .3

Imposing this condition in the definition of V(s;,) gives:
0= -7+ 8 Y qi(0i) Vi (m)Pr(milsiy). (2.3-5)
i=1

The only variable which can adjust here is # because the number of vacancies is a
free variable. The staie variables and the number of unemployed are given at time ¢.
Accordingly, this condition will determine the number of vacancies given the state of
the economy.

Equilibrium in the labour market requires that all favourable migration opportu-
nities be exploited. Algebraically, this means that if:

Z:‘:[(l - pi(0i)) V.V (m) + P-‘(9.'.¢)V.-w(m)] Pr(zi|z;,)
> 3 (1= 2,0VE 1) + 20,00V, (1) Pr(aala,)

then either (i) there are no mobhile agents in sector j or (ii) there is migration occurring
from j to i. The analogous condition holds if the inequality is reversed. This condition
simply means that, for mobile agents to stay in their sector, the return to searching
must be the same in both sectors. Note that equalization of search values does not
imply no migration because the distribution of mobile agents across sectors is not
pinned down when agents are indifferent between sectors. For mow, it is assumed
that no quits or redundancies occur so that equilibrium conditions with respect to

these decisions are non-binding.

3 Actually, this will only hold with equality when tbere is a strictly positive number of vacancies.
If there are no vacancies, the value can be negative. Implicit in the analysis above is the assumption
that production is always profitable enough to make it worthwhile for someone to post a vacauncy.
In other words, it is assumed that 8 Y0, ¢i(0;+)V.P (21)Pe(%(2is) > 7 always.
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2.4 Stationary State when Shocks are
Perfectly Persistent

An important feature of the labour market dynamics in this model is the existence
of a stationary point to the employment transition cquation. In other words, there is
a level of employment N which solves N = (1—s)N +p(0)(L— N) for a pair of market
tightness and labour force values {6,L}. This stationary state employment level is
important because it represenis a ‘balance point’ for the economy where inflows to
employment are exactly balanced by outflows from employment. Given the special
nature of the stationary state, it is interesting to see how labour market dynamics
interact with firm behaviour to determine the form of the stationary state. It is
furthermore helpful to study the case of permanent shock variables u rather than a
general stochastic structure because the stationary state has some likelihood of being
approached with permanent shock variables.

Single-Sector Steady-State Conditions

Prior to discussing the steady state for the two-sector economyj, it is useful to reflect
upon the determinants of a single-sector steady state. This can be determined by
looking at the steady-state versions of three key equations: the law of motion for
employment in (2.2-3) and the two equations (2.3-1) and (2.3-2) which define V7
and V. In a single sector economy the value functions for workers are of no interest.
Without a migration decision, workers simply spend their time searching or working
as their employment state dictates.

Using bars to denote steady-state values and defining V7 = VP (%), the relevant

three equations are:

_ _p) -
N= mt,, (2.4-1)
gr= (1-F) F(N, ), (2.4-2)

(1-8(1-14)
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v = Be(6)VP. (2.4-3)

These equations are non-linear so it is not obvious that there is a stationary-state
equilibrium and uniqueness is far less immediately discernible. To demonstrate that
an equilibrium exists, note that, for fixed values of L and y, the state of the economy
is fully characterised by two variables: employment (N) and market tigbtness (6). In
the steady state with permanent shocks, these variables are fixed by definition. Two
equations in the two unknowns N and 8 are obtained by solving (2.4-3) for V? and
substituting this into (2.4-2) to obtain:

gy Y(1—B(1—4s)) 1
)="F0-n FEm»

The two equations (2.4-1) and (2.4-4) can be graphed in (N, 0) space to show

which combinations of employment and market tightness are consistent with either

(2.4-4)

steady-state condition. First, the difference equation for employment is plotted as
the upward sloping curve in Figure One. The slope equals:
7(8)L p(9)

1- >0, since p'(4) > 0.

s+p®)| ~ s+p(0)

A second curve comes from the producer behaviour in equation (2.4-4). The slope

along this curve is:

i’:_= _2(1-8(1-3s)) 1 Fn(N,p)
dN B(1~k) (F(ﬁ,p))z 7'(6)

<0.

Thus, the labour market balance curve is strictly increasing while the producer equi-
librium curve is strictly decreasing. It is the strict increasing and decreasing nature

of these curves that allows for the statement of the following proposition:

Proposition 1: There is a unique steady-state equilibrium in the single-sector search
model with permanent shocks.
Proof: See Appendix.
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Intuitive interpretations of both curves are available. The labour market “rest-
point” curve is analogous to an aggregate labour supply curve. While individual
workers supply labour inelastically, the aggregate supply of labour (i.e. the total
number of matches) depends on the matching probability p(d). In this sense, the
matching rate plays a role akin to the wage in a standard spot labour market. In this
search framework, however, it is non-price mechanisms that equilibrate supply and
demand. Note that this curve has a vertical asymptote at the point N = (1/(1+s))L.
At this maximal employment level, all workers find jobs after searching for one period
and employment falls short of the labour force only because a number of workers equal
to (s/(1 + s))L are separated in every period.

There is an equally intuitive interpretation of the downward sloping curve as
a steady-state demand for labour curve. More correctly, the curve is an economy-
wide demand for total matches. There is an inverse relationship between 8 and the
amount of production in the economy because there is a downward sloping average
revenue product schedule (see Assumption 2.1). Total production is proportional to
total employment, N, in this economy so that the reward to filling a vacancy varies
inversely with N. The expected return to filling a vacancy is zero in equilibrium so
that ¢(0) and N vary positively with one another. Finally, ¢'(8) < 0 so that there
is a negative relationship between market tightness and employment implied by free

entry to the market for vacancies.

The Steady State of the Two-Sector Economy

"To move to the steady state of a two-sector economy, it is necessary to examine the
decisions of workers as well as firms. The total labour force can now be endogenously
allocated between two sectors. For a wotker, the essential feature of any steady state
is that no migration occurs in order that the labour force remain constant. This
‘no migration’ condition will only hold if the expected present discounted value of
searching is the same in both sectors. To see how the conditions derived above must
be modified, it is necessary to determine equilibrium conditions for a constant labour
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force.

From equation (2.3-4), the steady-state value of being unemployed in sector i is
defined by:

R (L s)b+p.'(9.-)kF(Ns,ﬁ.')] (24-5)

r r+pi(0;)+s
where r = 1/8 — 1. The no-migration condition implies that both sides of the max
operator be equal in (2.3-4) and this simplifies the algebra. Recall that the equilib-
rinm conditions for the labour market and vacancies within a sector were given by
(2.4-1) and (2.4-4). The steady state is defined by the following six equalities:

Equalisation of the Value of Search-

o (T4 8)b+ pr(8)kF(Ny, i) _(r+s)b+ Pz(éz)kF(Nzoﬂz),
(i) = ;
r+p(6) +s r+pa(8;) +
Zero Expected Value of a Vacancy-

ot
@ @) = Tk F(f, my

_ 1(r + s) .
(iii) ¢2(8,) = (1 - k)F(N,, ia2)’

Sectoral Labour Flow Balance-

. N Pl(ax) Y, 7
(“’) Nl = 8+. Pl(-i-l)(Nl +Ul)1

(v) M= ;‘?%(Nz +0,);

Labour Force Accounting Identity-

(Vi) N,+IV¢+I-J;+I73=L.

Before proceeding further, it is necessary to ensure that there is, indeed, a steady-
state equilibrium for the model. In this regard, the following proposition can be
established:
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Proposition 2: There is a steady-state equilibrium allocation of Iabour in this two-
sector search model; moreover, this equilibrium is unique.
Proof: See Appendix.

To appreciate heuristically why there is a steady-state equilibrium, it is useful to
collapse the condition for zero expected value of a vacancy and labour market balance
to obtain a system involving only #; and L,. This yields:

9= 1- kq:(‘.)F (%Llaﬂi) .

For any given sectoral labour force, L;, market tightness, 6;, will adjust to ensure that
this condition holds. The key property of this condition is that for low levels of the
labour force, the value of output F(N;, ;) and matching probability p;(§;) are high
while the converse is true for high values of the labour force (this is explained in more
detail in the appendix).

The next link in the argument is the negative relationship between the labour
force and the steady-state value of searching in a sector. This arises because VY is
increasing in both F(N;, ;) and p;(f;). By virtue of this relationship, it is possible
to find a value of L; so that the equality in (i) holds.

It is interesting to ask how quantities such as the labour force, employment and
the matching probability can differ betweca sectors if features of the environment
differ. First, consider what happens if the matching functions are equally productive
in either sector but y; > p;. In this case it must be true that:

and
F(p, N1) = F(pa, Na).

This is due to the fact that, with a common level of outside return to capital (v) in
the two sectors, the value of production must be equalised in steady state between
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the two sectors. When combined with the no-migration condition, this yields the

following two steady-state equalities:

(r + .9)b + p(ol)kF(Nl,[q) _ (r + s)b + p(az)kF(Nz, [lg)
r+p(6)+s - r+p(0;) + s ’

and
9(6:)F (N1, ) = q(03) F (N2, pa).

These two conditions will hold if the value of output and the matching probabilities are
the same in either sector. Uniqueness ensures that these are the only conditions which
yield an equilibrium. It is easy to see why uniqueness results here. If F(Ny, ) 2
F(N3, p12), then 8, < 8, for the first inequality to hold but 8, > 0, is necessary for
the second. Thus, any situation but F(Ny,py) = F(N;, #t2) and 6, = 6, implies a
contradiction.

A second interesting experiment is to assume that i, = p; but that the sectors
differ with regard to the efficiency of the matching process. A simple assumption is
that, for the same numbers of vacancies and unemployed workers, sector one produces
proportionally more matches than sector two. Suppose, for example, that X,(U,0) =

aX3(U,0) where a > 1. Ir terms of the two match probability functions, this means
that:

P1(0) = ap;(6) and ¢i(6) = aqa(9).
In other words, both matching probabilities rise by a factor a in the sector where the
matching process is more efficient.
In general, it is not possible to determine the effect of this type of difference in
the environment. This is because the condition for zero expected profits allows for
the possibility that increased matching eficiency may lower 8. The expected value of

a vacancy in steady state is:

B(1 - k) »9)
amql(gx)p (mlmm) ,

where the expression for the steady-state level of employment has been substituted

into the expression for the value of a vacancy.
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More efficient matching affects this relationship in two ways. First, an increase in
a raises the right-hand side in a proportional way for given employment levels. This
is because a match becomes more likely. A second effect, however, is that, for any
given value of 8, employment will rise because matching is more effective. This lowers
the right-band side of the relationship, other things equal. On balance, thea, it is not
clear if the expression above will rise or fall when « rises so that the adjustment to &
which is needed to maintain the value of a vacancy at zero is not clear.

Note, however, that Fy falls with N by the convexity assumption and that em-
ployment has an upper bound of L/(1+ s). This implies that, for suitably high levels
of employment, the direct proportional effect of a will dominate. In this case, with
high employment levels, it is to be expected that an increase i the efficiency of the
matching process would mean that ¢(6) must fall or, alternatively, that 8 rises. Note
that this raises the interesting possibility that an economy with a low level of employ-
ment (say one experiencing a severe depression) may experience a perverse reaction
if there is also a shock to the efficiency of matching.

A numerical example can be used to determine the likely effect of more efficient
matching around “normal” employment levels. A model with a total labour force of
200 was specified and the following parameters were selected:

s=.15 k=.6;, p=99; b=4; =10
The following functional form was chosen for the matching probabilities:
p2(0) = 0.28280'/2;  ¢,(8) = 0.2828/6'/%;

with p,(8) = 1.05p;(8) , ¢:1(6) = 1.05¢2(6). Finally, for the average revenue product
function the following specification was used:

F; = 50 — 0.5N;.
For this case, the steady-state equilibrium is described by the following:

6, =133; 6,=125 Li=99; L,=101
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As predicted, the five per cent increase in matching efficiency produced a higher value
of market tightness in sector one. More surprisingly, the labour force was lower in
the sector with the more efficient matching process. This may seem undesirable on

the grounds of social efficiency because it means that more labour is in the sector

with more frictions in the labour market. Note that values of searching are equated
because sector one has a higher match probability and thus higher employment, even
given the fact that the labour force is higher in sector two. Finally, it is worth noting
that, in the example here, the unemployment rate was approximately 30 per cent.
This suggests that counter-intuitive effects of a on # can only occur at remarkably
high levels of unemployment.

This type of result can be varied if the shadow values of capital vary between
sectors since the expected value of posting a vacancy is equated to the shadow value

for each sector. At present, there is no reason to believe that this parameter should

change between sectors.
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Figure One: Single-Sector Steady-State Equilibrium

Figure Two: Two-Sector Steady-State Equilibrium
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2.5 Adjustment to the Stationary State
with Perfectly Persistent Shocks

In this section, the behaviour of the economy is examined during the period of ad-
justment toward the stationary states described above. The discussion focuses on
the paths of the variables (N, N34, 0;¢,82,) which drive the model. These paths
must meet two types of criteria to be equilibrium paths: they must obey the laws of
the physical economic environment and involve optimal decision-making within this
environinent. The relevant features of the environment are given by equation (2.2-1)
which determines sectoral output values and the equations of motion for employment
and unemployment described in (2.2-3). Optimality requirer that holders of capital
must maximise (2.3-1) and (2.3-2) while workers act s0 as to maximise tke value
functions in (2.3-3) and (2.3-4).

To simplify the equilibrium conditions, the adjustment path is analysed for the
case of two sectors with identical matching functions. It will become clear that, if
the matching functions differ between sectors, this affects the nature of the steady-
state equilibrium conditions only. The qualitative features of the adjustment path are
unaffected by the relative efficiency of the matching process. Similarly, the shadow
values of capital are also assumed to be the same across sectors and this does not
affect the analysis of adjustment.

Two forces move the economy toward the steady state: the internal dynamics
of each sector s=parately and the reallocation of labour between sectors. These two
factors are isolated by examining instances in which both sectors are displaced from
the steady state in symmetric ways as well as asymmetric departures from the steady
state. With some slight abuse of language, the first case may be described as an
aggregate shock since it could result if the economy had been moved from a rest
point by an unanticipated change in u; and u; where Ay Apu; > 0. Sectoral shocks
seems an appropriate name when at least one of y; or y; changes and Ap Ay, < 0.
There are four cases for analysis: a symmetric aggregate shock, a simple sector-specific
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shock, an asymmetric aggregate shock and a pure sectoral shock. All but the first
case involve some migration from a relatively less-favoured sector to a relatively more-
favoured one. The analysis here looks at the nature of migration and within-sector
adjustment for the first aud second cases, and the analysis is easily extended to the

others.

Adjustment with Perfectly Symmetric Displacement

Suppose that at some time to the values of u;, and u; are such that the relative po-
sitions of the two sectors, vis a vis the migration conditions, are identical. Migration
will not occur because the two sectors are assumed io be subject to similar distur-
bances. Without migration, adjustment occurs entirely through natural dynamics of
the search process wi.hin each sector.

During the period of adjustment, it will always be true that the expected return
to posting a vacancy will be zero. This is because # is a free variable whick adjusts

in each period to ensure that:

v = Ba(8:)VF (u, (1 - s)N; + p(6:)(L — Ny))

in each sector. Note that the space of the state vector can be drastically shortened
here because the analysis is essentially that of a single sector. Unlike market tight-
ness, employment is not a jump variable and can only adjust through labour market
dynamics. Adjustment in this economy will accordingly involve increases or decreases
in the level of employment until an employment level is reached where Nyyy = ;.
When this labour market flow balance is achieved, it will also be true that expected
profits from a vacancy are zero since this latter condition always holds. Thus, this
final point will be the unique stationary equilibrium of the economy.

A convenient way of representing the adjustment path for this essentially single-
sector economy is with a diagram of the type used in Figure One. The diagram in
Figure Three below is slightly different from that in Figure One. The essence of the

difference lies in the downward sloping ‘labour demand’ curve. This curve represents
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combinations of N; and 6, for which zero profits holds even outside of the steady
state. The difference from Figure One is that Nyy = (1 — s)Ny +p(8:)(L — N,) rather
than N;;; = N, is used to eliminate N, in the zero-profit condition. This labour
demand curve outside of the steady state is defined by:

Y =8 a0V (1, (1 — s — p(6)) N + p(8:)L)Pr(pi ue).
=1
This condition must hold even when employment is changing over time so that the
economy is always somewhere on the downward sloping curve. The “labour demand”

curve still slopes downward, since total differentiation gives the slope of this curve as:

29 _ —q(8)aVP JON(1 — = — p(6))
N~ ¢(0)VP(pi, Neyr) + VP [ONg(6,)lp(8)(L - N,)]'

In addition to terms in the expression for the slope of the steady-state curve, there are

additional complexities which reflect the dependence of N;4y on N,. One implication
of this dependence is that it is no longer a simple matter to conclude that the slope
of this curve is negative since the sign of the derivative of VP(N, x) with respect
to employment is needed outside of the steady state. Fortunately, it is possible to
establish the following proposition:

Proposition 3: In a single sector economy with no migration the value of a producing
firm , VP(N, ) is falling in employment (N).
Proof: See Appendix.

Given this proposition, the slope of the ‘labour demand’ curve must be negative.

The dynamic adjustment path of the economy can be determined with the aid of
this diagram and the law of motion for employment. First, the zero-profit condition
always pins down @, given N, so that it is clear that N, > N = 6, < # and
vice versa. During the adjustment process, the paths of  and N depend on whether
N, > N or N, < N. Taking the second case, the following is true:

. (8) p(6)
1< N -‘#N¢<J—+—p(-3;L < a+p(0)L
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where the second inequality follows because 8§ > 0, when N, < N, as established
above. Thus, it is clear that movement will alwars be in the correct direction to take
employment to the steady state.

What is less clear is whether the magnitude of the adjustment will be appropriate.
It is possible that the adjustment will be sufficiently large to overshoot the state
equilibrium point. To see this, consider the law of motion for employment again:

Negr = (1 8)Ne + p(8.)(L — Ny).

If N, > N, then the absolute value of N;,; — N; is sN; — p(8;)(L — NV while the

absolute value of N, — N is: ~
y_ 2OL
‘T s+p(f)

Accordingly, it will be true that overshooting happens only if:

p(0:)(L — Ny) — sN,
(6 +20) @z =N - sN.] >

From this it is clear that overshooting is most likely to occur if 8 is far from 4.
Figure Three reveals that this is most likely to result if the labour demand curve
is steep which, in turn, will bappen if the derivative of the value of producing with
respect to employment is large. It is also necessary to have p/(8) fairly steep since,
if the matching probability is flat in #, monotone adjustment simply requires that
s + p(#) < 1. Notice that concavity of the matching probability implies that over-
shooting is more likely to occur for low rather than high values of market tightness
;. Finally, note that as N; — L the effect of differential probabilities disappears and
the conventional condition for monotonicity again is obtained.

Thus, in some region around full employment it is certainly true that monotone
adjustment will occur. With higher unemployment rates, the potential for overshoot-
ing increases. Of course, the labour demand curve must be fairly responsive to changes
in employment levels if differences in market tightness are to matter. The range of

employment values over which monotone adjustment occurs increases as the labour
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demand curve becomes more flat and the matching probability function p(#) become
flatter. Note that this argument is equally applicable for movements in the other
direction, that is, for the case when N; < N. Here the relevant inequality is:

i) |3Ne — p(0:)(L — N,)
(5+2(6)) [aN. Z P —Ny)

It is possible that, over some range, the adjustment in employment is sufficiently
large that |Nyyy ~ N| > 2|N; — N|. Cleatly, if the right-hand side of the expression
above exceeds two, then this type of overshooting will happen. If |8 — 8] is quite large

> 1

and the slope of the p(@) function is sufficiently steep, this could happen. In this case,
the economy does not converge to the steady state and there are, instead, explosive
oscillations between employment levels of zero and L/(1 + s).

When considering these cases, it is important to realize that the possibility of
negative adjustment is a feature of the discrete time framework. If the unit of time
is made sufficiently small, the probability of a separation or a match can be made
arbitrarily small. Thus, even if p(#) differs from p(#), the monotonicity condition
will hold for all time horizons shorter than some critical level. Furthermore, the
overlapping nature of individual decisions and actions when aggregated mears that
a close approximation to continuous-time dynamics actually holds.

Consequently, monotonic adjustment almost always characterizes this system. At
the root of this result is the fact that the two-dimensional system for (n,, 8;) is really
only one-dimensional. Market tightness is a jump-variable and is totally determined
by the current state. This can be appreciated by first-differencing the zero-profit

condition for vacancies to obtain the equation describing the locus of 8 rest points:
VEI(1 = s)N + p(O)(L — M), ] = VP [(1 = 8)News + p(ONL — Newr), 1]

This condition will hold only if N; = Ny,;. In other words, the rest points for
employment are the same as those for market tightaess.

Given that the case of monotone adjustment seems to be the most reasonable, it

is useful to summarise the features of this path:
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e worker match probabilities move in the opposite direction to employment during
the adjustment period,

o wages and worker matching probabilities move in the same direction through time
during the adjustment process,

o the direction in which variables adjust depends on the relationship between initial
N and N.

Inter-Sectoral Adjustment with Value of Output Equalised

The analysis presented in the section above assumed that the two sectors were
carbon copies of each other so that adjustment occurred completely within a sector.
This will, of course, almost certainly never be the case in reality but the analysis
does provide a useful base case for comparison. A more realistic scenario is one in
which the economy begins with F(Ny,u;) = F(Na,p;) but Ny # N, so that there
1s need for adjustment of the labour force through natural dynamics combined with
migration. An adjustment path is possible along which equality of the value of output
is maintained, and migration serves to ensure that this equality holds throughout the
adjustment period. The path of this economy can be usefully described by considering
combinations of N; and N; which, for given y, and p;, maintain equality of the value
of output. Such combinations of values can be illustrated in the following diagram.
The steady-state equilibrium pair of employment levels will necessarily lie somewhere
along this curve. Adjustment involves movement from an arbitrary initial point on
the curve to the appropriate equilibrium value.

Along the adjustment path the following laws of motion hold:

Niss1 = (1 — 8)Nyy + p(0)Uny;

Nss1 = (1= 8)Nys + p(0:)Us.

There is a common probability of entering employment for the two sectors because
the zero profit condition pins this down (given a path for output)and the paths of

output are the same across sectors.
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The stock of unemployed workers must be allocated between the two sectors in

such a fashion that F(N; 441, 1) = F(N3,441, #2). Note that if F(Ny, uy) = F(Ny, u3)

then:
dv _oF  [oF
dN, ~ 3NiN=N, [ 3NIN=N’

Concavity of the average revenue product function with respect to employment means
that this derivative will seldom equal one so that different adjustments to employment
will be required each period in the two sectors. So long as the degree of curvature of
F(N, ) with respect to N is not too great, it will be possible to allocate the unem-
ployed between sectors in the required ratio. Certainly, within some neighbourhood
of the steady state, it is true that (1 — s)N = p(#)U in both sectors so that sufficient
flexibility exists to ensure that the economy remains on the path depicted above.

The allocation of searchers between sectors has no effect on the law of motion for
aggregate employment, however, because matching probabilities are equalised across
sectors throughout the adjustment period. Accordingly, N4y = (1 — s)N; + p(8)U, in
all periods. In other words, the total employment stock in the economy is following a
simple non-homogeneous difference equation. The stationary point of this equation,
assuming § = §,is N = ;fg%i It is necessary to determine whether the law of motion
for aggregate employment implies convergence to this level.

To examiwne the issue of stability of the adjustment process, consider the properties
possessed by a stationary state versus a general case in which output is equalised
across sectors in all periods. In the latter instance, all that is lacking is the labour
market balance condition since migration is non-optimal and the zero profit condition

for vacancies holds. The situation is illustrated by the equality:

F((1= 2+ p(6:)) N1+ + P8V s 1) = F((1 - 8)N1s+ PONL = Ny s) = P01, p12)-

This condition must hold if the law of motion for employment is to be respected
and output is to remain equalised between periods. Only one variable, U; ,, can be
adjusted through migration at time ¢ to ensure that this happens. A unique value
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of Uy, solves this because the two -*des of the equation are strictly decreasing and

increasing, respectively, in U;,. Accordingly, it will only be by coincidence that the

appropriate value of U, also keeps employment constant between periods in both
sectors.

Fortunately, coincidence does not have to be appealed to when showing that the
economy always moves toward a situation of labour balance. To see this, note that,
if the condition above does not also satisfy labour market balance, it is because 6, is
either too high or too low. The direction of adjustment of  can be determined from
the following argument:

i.) Along the adjustment path, employment either falls or rises in both sectors. This
is necessary for F(Ny., 1) = F(Nas, p2) and F(Nye41, 1) = F(Naggr, p2) to
both hold.

ii.) If 6, > 8, then only a rise in employment in both sectors can occur on the adjust-
ment path. This is because, if §, > J, then it is impossible to not have employment
rising in at least one sector. It is possible that one sector could, in theory, have the
direction of adjustment be incorrect because, as Figure Five shows, the ‘labour
demand’ and ‘labour supply’ curves are displaced from their steady-state values
because of the difference between actual and steady-state sectoral labour forces.
However, it is not possible for adjustment to be perverse in both sectors because,
if L, > L in one sector, the opposite is true in the other. Since a rise in one sector
and a fall in the other is precluded by i.), it must be that employment rises in
both sectors and @ falls.

iii.) If 6, < 4, then only a fall in employment in both sectors can occur on the adjust-
ment path. This is because, it 8, < 8, then it is impossible to not have employment
falling in at least one sector. Since a rise in one sector and a fall in the other is
precluded by i.), it must be that employment falls in both sectors and @ rises.

In summary, aggregate employment will rise when lower than its steady-state

value and fall when above it. This ensures that the economv is moving toward a
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stationary point of the employment law of motion. It can now be shown that, when
aggregate employment is at its stationary point, the two individual labour markets

are also in balance. Note that when total employment converges the following is true:

__n0
N+N; = ml"
F(N],I‘]) = F(Nz,llz),

_r+s) 1
O =0=n Fvom’

These three equations determine values for each of Ny, N3, and 6 such that employ-

ment is at its steady-state level in the aggregate, the value of a posted vacancy is
zero, and the no-migration conditions hold. If these hold, then it must also be true
that employment is at its steady-state value in each sector. To see why this latter
condition is true, it is necessary to show that (i) there is a unique solution to the
system above and that (ii) the steady-state values of N; and N; solve this system. It
is then necessarily true that theses solutions are the same.

To establish uniqueness, obtain a system of two equations in N, and # by using
the first equation to eliminate N; from the second. Plotting the two equations in
employment-market tightness space gives two curves with the properties shown below
in Figure Six. The downward sloping curve is the steady-state version of the “labour
demand” curve derived in the previous section.* The properties of this curve have
already been established. The upward sloping curve depicts combinations of N; aud
0 for which total employment is at its steady-state level and the value of output is
equalised across sectors. It is defined by:

F(Ni,p1) = F(MO)L — Ny, pa)

where A(0) = -20L.. Totally differentiating this identity gives:
s4p(0)

o (8EIn + 5EIm)
FTAR ATT )Y I

> 0.

4 Recall that the steady-state version of the equation imposes the condition that Ny = Ny
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This expression is strictly positive because of the assumptions on the average revenue
function and the matching probability function. Accordingly, the two curves in Figure
Six cross once, and only once, establishing uniqueness of the solution.

Given that only one combination of (N;, N;,0) can solve the system above, it is
clear that the fixed point of the dynamic adjustment path is given by any solution
to the three equations. Note that the steady state of the two-sector economy has
the second and third equations for the system above holding by definition. The first
condition holds because:

N () v _ _po)
Nl—8+p(i)Ll a.nd Nz—ml;g.

Adding together these two equations gives the total employment stationarity condi-
tion.

Thus, the values of employment and market tightness which the economy adjusts
toward are the steady-state values for the two-sector economy. Accordingly, this

adjustment mechanism does converge to the desired steady-state conditions.

Adjustment with Initial Value-of-Output Differentials

This section examines an adjustment path which results when one sector is dis-
placed from an initial steady state. Suppose that initially both sectors were in sym-
metric equilibrium with all parameters and functions equal. Imagine further that
an unanticipated increase in y; prompts adjustment to a new steady state. This
adjustment path is the simplest type of shock with sectoral reallocation, although it
cannot be viewed as a “pure” sectoral shock because it is accompanied by a change to
steady-state employment. This simple scenario seems appropriate for sectors which
are producing very different products, so that shocks to industry demand are uncor-
related. In certain cases, such as the candle and light bulb industries, this would
clearly be an inappropriate assumption. The path is nevertheless interesting because
it represents the simplest example of adjustment through both natural dynamics and

the process of migration.
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In general, the adjustment path will involve three distinct phases. The first phase

is distinguished by migration from the relatively less-favoured sector to the more-
favoured sector due to persistent incentives to do so. These incentives persist because
employment can only adjust with time. A second phase is very short and involves
“reverse migration” of some unemployed workers back to the original disfavoured

sector. Finally, there is a phase of adjustment in which compensating differentials

ensure that workers are indifferent between sectors. In this final phase, aggregate

employment adjusts to its steady-state level according to the process outlined in the
previous section.

Given that the last period of adjustment was described above, it is necessary
here to describe the path of key variables in the first phase only. Specifically, the
adjustment path involves the following paths for the key variables of the model:

¢ Unemployed workers will move toward the relatively ‘good’ sector during adjust-
ment to a sectoral shock. As a consequence, employment will rise over time in
the favoured .ector and fall over time in the less-favoured sector.

¢ The value of output-per-worker will rise in the relatively favoured sector once the
shock is recognised, and then fall over the adjustment period.

o The value of output-per-worker will rise over time in the relatively less-favoured
sector.

o The hazard rate for matches will rise in a relatively favoured sector once the shock
is recognised and then fall over the adjustment period.

o The hazard rate for matches will rise over time in the relatively less-favoured
sector.

o There will be generally some ‘reverse migration’ at the end of an adjustment path.
This will involve the departure of some unemployed workers from the favoured
sector to reduce the labour force in that sector to its steady-state level.

To establish that this is, indeed, an equilibrium path consistency and optimality
must be demonstrated. This is done by first recognising that upward displacement of
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4 from an initial steady state will induce migration into sector one. Optimality of
this migration pattern will be established by referring to the value functions directly.
Thus, after the displacement, all mobile unemployed agents from sector two will
choose to transfer between the sectors to search. The effect of this on the model is
the following:

Proposition 4: As a result of migration during the adjustment period, employment
falls in sector two and rises in sector ome.

Proof: See Appendix.

To support this path for employment and migration, it is necessary to verify
that the assumed direction of migration is indeed optimal. By Assumption 2.1, as
employment rises in sector one and falls in sector two, the value of output will rise in
the bad sector and fall in the good. Accordingly, there will eventually be some time T
at which equality of the value of output is achieved (i.e. F(N, 1, ) = F(N, 1, p2)).
From this point, adjustment occurs to ensure that equality of the value of output is
maintained.

It is next useful to take the zero-profit condition for a vacancy and substitute-in

the present value version of the value of matched capital to obtain:

¥ = Ba.)1 ~ )T " F (Mo i)
By assumption, F(Ny 4, uy) = F(Nu,pg)Vt:z T so that 8, = 8;,Vt > T — 1. This
makes analysis of the values of searching in periods prior to T fairly easy.
First, beginning in period T — 1, it is possible to establish that the value of
searching falls between T — 1 and T in the good sector but rises in the bad sector.

To see this, note that:

VP(217-1) = (1 = B)F(Ny.1-1, 1) + 9(01.7-1)BVE (Ny 1, 1),

and
Vp(zm-.;,) =(1-k)F(N2g.1,m)+ Q(OQ'T-l)BVP(Nz'T, p2).
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Now, the second term in each of these two expressions is the same given the paths of
F(N;, p;) and 8;. Accordingly, the value functions for producers can only differ if the
values of production differ in period T — 1. This is the case because Ny 1.y < Ny r
while N3 r_; > Np 1. Accordingly, the value of production is higher in sector one in
period T — 1, which implies that V7 (3, 7.1) > VP(Ny 71, #1). Combining this with
the zero profit condition for vacancies yields the condition that 8, 7_; > ;-2
Moving now to period T — 2, note that the appropriate values for a producing

firm are:

VP(ZI.T-z) =(1- kE)F(Nyr-2, ) + Q(OI.T-Z)ﬁVP(Nl.T-h Bi),

and
VF(227-3) = (1 — k)F(Nar2, 1) + 94(02.7-2)BVF (Na.1-1, 12).

The second terms in these expressions are equal because of the zero profit condition
and the assumption that there is no reason for the flow cost v to vary between sectors 5.
Furthermore, this equality holds even in the case where the matching functions differ
between sectors. Accordingly, it is only the current period return that differentiates
the two sectors. Here, N, is larger than in T — 1 while N; is smaller which means
that VP(z,7_3) > VP(21,7-1) but VP(257.2) < VP(237-1). The same reasoning as
above can be applied to the zero-profit condition to show that 8, r_3 > 6, 7_2 and
0213 < 02 7_2. Finally, this argument can be repeated back to the beginning of the
adjustment period to show that F(N;, u;) and 6; are falling in sector one and rising
in sector two due to the assumed adjustment path.

Given these paths for the driving variables of the model, it is possible to verify
that migration from sector two to sector one is optimal. Note first that, from time
T onward, conditions for searchers are identical in the two sectors so that all value

functions take on the same values across sectors after time T. At time T — 1, the

S 1if 71 # 72, but the difference in the two flow-costs terms is & constant amount, then this
analysis still goes through. If 4y ~ 7; varies over time, then the analysis becomes far more compiex.
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following holds:
(1 = p(bir-)VY (31.1) + plOy.1-1)VY (31.7)
>(1 = p(02,71)VY(82,7) + p(O2,7-1)VY (22.7).
This is because 8§, 7_; > 8; 7, while all other terms in the expressions for the future
period returns are identical across sectors. Given this, migration from sector two to
sector one at time T — 1 is a condition necessary for equilibrium: behaviour along the

adjustment path.
It is possible to move this analysis back now to period T — 2. Note first that:

Vw(zl.r-n) > Vw(’z.r-l)

because the current period return to working in sector one is higher at time T — 1.
This means that
(1 - p(01,7-2)VV (21.7-1) + P(Or7-2) V¥ (31.71)
> (1 - p(02.7-2)VY (32.7-1) + P(O2.7-3)VY (22.7-1).

This is true not only because the matching probability is higher in sector one but also
because the return to getting matched is higher in sector two. Accordingly, migration
from sector two to sector one is optimal at time T — 2 also. Finally, note that this
recursive argument can be extended back to the beginning of the adjustment pe-iod
to prove that migration to sector one is optimal throughout the adjustment period.

Thus, until time T', migration occurs from sector two to sector one in response to
pecuniary incentives. At T and beyond, unemployed mobile workers are indifferent
between sectors so that migration occurs to maintaip this situation. Labour market
dynamics within each sector function in the manner described above to fulfill the
second stage of the adjustment process. Of course, there is a razor’s edge case in
which employment is at its steady-state level at the end of the period of migration
and output value differentials. In general, however, some adjustment along the curve

in Figure Four is necessary.
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Extension of this argument to the case where matching functions differ between

sectors is not difficult. The point is that steady-state no-migration conditions impose
equality of the value of searching between sectors. Prior to this, migration occurs
and it is possible to demonstrate that market tightness and the value of output fall in
sector one but rise in sector two. Migration in the assumed direction is thus optimal.
A complication of this case is that the no-migration condition is not equivalent to a
simple output equivalence condition when matching functions are different. A related,
but less immediately clear, condition holds as an analogue to Figure Four.

Finally, the argument outlined above can be extrapolated to any of an infinity of
combinations of sectoral shock configur«tions. The key elements in each such case are
a period of migration from a more-favoured to a less-favoured sector. In this period,
market tightness and the value of producticn tend to meve in opposite directions.
After this, a period of adjustment to the steady-state value of market tightness, 0,
is observed and adjustment of this variable proceeds in the same direction in both
sectors. Future analysis of two-sector adjustment can use the model here to examine

a variety of interesting scenarios.




P®©)

Figure Three: Dynamic Evolution of a One-Sector Economy
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2.6 Conclusions and Summary of
'Empirical Predictions

The model described in this chapter yields a number of interesting empirical predic-
tions. Most significantly, it relates unemployment duration to sectoral productivity
conditions so that the model has the potential to explain observed patterns of un-
employment duration. Equally important, restrictions are placed on the types of
outcomes which are to be expected conditional on certain observable variables. This
allows researchers to devise applied tests which can determine whether the promise
of the model at the theoretical level stands up to the rigours of empirical testing.

A fundamental implication of the matching function paradigm is that nnemploy-
ment duration is positively related to the number of searching workers in a market
but inversely related to the number of posted vacancies. Furthermore, the custom-
ary assumptions on the curvature of the matching function yield implications for
the shape of the relationship between unemployment duration and tightness in the
labour market. Given that measures of tightness are readily available, tests of these
fundamental propositions are possible.

The model analysed bere also yields predictions which do not flow directly from
the assumptions of t' » matching function paradigm. For instance, the dynamic path
of unemployment duration along the adjustment path to the steady state was ex-
amined. From this, predictions were obtained regarding the relationship between
duration and unemployment over time. These implications can be tested if prior
knowledge of sectoral fortunes is combined with econometric methods of inferring the
realization of an unknowr state variable. If the states of nature implied by theory and
data correspond closely to prior knowledge of these states, then evidence in favour of
the model is obtained.

An interesting feature of the model is that it offers an explanation for the dura-
tion of search unemployment that is not based on reservation wage decisions. This

is desirable because empirical work such as Holzer (1988) and Jones (1988) place
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in doubt the ability of variation in reservation wages to explain variation in unem-
ployment duration. From the viewpoint of empirical testing. there are several ways of
differentiating the current model from one driven by reservation wage decisions. Most
obviously, shocks to sectoral productivity are the key forcing variables in the present
model while shifts in wage distributions, demographic factors, and policy variables
(such as unemployment insurance eligibility periods) do most of tLe work in the reser-
vation wage framework. While it is possible that both aspects of the search problem
have some explanatory power, it is important to use structural models tc identify the
sources of unemnloyment duration shifts and thereby discriminate between the two
approaches.

A final topical implication of the model is that sectors which experience relatively
favourable shocks should have higher than average wages and unemployment spells
that are shorter than average. This is interesting given the competing “queuning” view
of the labour market which asserts that sector or industries with high wages have
long entrance queues while low wage industries have short queues. Empirical work
can easily be conducted, using large cross-sectional data sets, such as the Canadian

Labour Market Activity Survey, to assess the relative merits of these two views.

2.7 Suggestions for Further Work

A number of directions for future research are suggested by the analysis presented
above. The previous section outlined a series of possible empirical tests. In addition,
the analysis exposed two promising avenues of theoretical enquiry. First, analysis
of the law of motion for employment revealed that a ri-e in current employment
could lower future employment if the impact of a fall in current market tightness
were sufficiently large. While this seemed unlikely in periods of low unemployment,
the theoretical possibility remained that employmeunt dynamics were in some sense

perverse for low |-vels of employment. Similarly, the theoretical possibility exists




76

that, at low levels of employment, a shock to the efficiency of the matching process
has an unusual impact on recruitment activity. These implications for models of
severe recessions need to be further developed and tested using data from the Great
Depression, for example.

Finally, while the work in this chapter represents an important foundation for
analysis of sectoral adjustment with labour market search, there remain several im-
portant areas in which the work can be extended. Most importantly, the analysis of
a mode] with non-permanent saocks is needed. This analysis is undertaken in Chap-
ter Four using a restricted environment. Neit, it would be interesting to see how
the predictions of the model change if mobility costs, rather than declining sectoral
average revenue, serve to equilibrate returus to searching in either sector. Related to
this, a general analysis of the role of mobility costs in a model with non-permanent
shocks would be interesting. Finally, the assumption that shadow values of capital are
constant over time and between sectors merits some consideration given the alleged

importance of cost of capital variations in economic fluctuations.



Chapter Three

An Empirical Investigation of the
Relationship between Recruitment

Activity and Employment Flows

3.1 Introduction

A recent theoretical innovation in macroeconomics is the explicit modelling of labour
market search. As Pissarides describes in his recent book Equilibrium Unemployment
Theory, a “second generation” of search models now existc which seeks to explicitly
model the relationship between the rate at which searchers contact one another and
features of the physical environment. Thus far, the aspect of the environment which
has received the most attention has been the relative sizes of the search pool on either
side of the market. Models in this tradition are currently being employed to explain
a variety of macroeconomic phenomena and the goal of this chapter is to measure
the empirical validity of the models as a natural complement to these theoretical

exercises.

Incorporating search to macroeconomic models can produce significant and far-
reaching results. Howitt (1988) shows that the dynamics of business cycles are modi-
fied considoratly by the introduction of labour market search. Diamond (1982) began

a tradivion of modelling economies with multiple natural rates of unemployment which

7
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exist by virtue of strategic complementarities due to search-type transaction meck-
anisms. Davidson, Martin and Matusz (1988) and Hosios (1990) have shown that
results in multi-sector trade theory are affected by the presence of search frictions.
Finally, there is a growing literature, started by Pissarides(1987) which mezges search

and wage bargaining to examine cyclical properties of wages.

While search models of this new generation are clearly yielding a great deal of
theoretical work, there is little direct testing of these models. Pissarides (1985) makes
some broad statements about the accord between a search model and stylized facts of
the business cycle. Blanchard and Diamond (1989) fit a Cobb-Douglas model of new
hires as a function of labour market search pools but this exercise is only conducted
to obtain parameters for a simulation exercise. Given the apparent growth of interest
in this new aspect of search theory, there is clearly a need for empirical testing of the
approach. The purpose of this chapter is to provide such tests.

This chapter examines the linkages between flows out of unemploymeut and ob-
servable measures of the size of the search pools on both sides of the labour market.
This work facilitates tests of the notion that a “matching function” approach to labour
market dynamics has significant explanatory power. The testing methods used in the
chapter involve several innovations. First, transition probabilities are calculated from
gross flows data rather than from the Labour Force Survey Average Duration of
Unemployment series. This provides a measure of the instantaneous probability of
leaving unemployment and eliminates right-censoring problems. Secondly, the anal-
ysis is conducted with an eye to avoiding the imposition of inappropriate functional
forms. The spline estimation and inference techniques developed for this are inter-
esting in their own right. Finally, the analysis uses pooled time-series cross-sectional
data. This has not been possible in the past because provincial Help Wanted Indexes
were not comparable by virtue of their Jack of units. This problem is tackled by nsing
observations for the (alas, discontinued) Quarterly Survey of Vacancies to normalize
the HWI series.
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The chapter begins by examining a theoretical model of search in order to identify

propositions to be tested. The availability of data for Jhese tests is then considered
2nd the stylized facts revealed by the data are analyzed. Two following sections use
monthly data for British Columbia, Ontario and Quebec to test the propositions iden-
tified in the second section. A separate section considers the use of pooled time-series

and cross-sectional data. A final section of the chapter summarizes and evaluates the

results.

3.2 The Relationship Between Employment
Hazard Rates and Market Tightness:
Theoretical Implications

To test the relationship between flows out of unemployment and market tightness

implied by matching-function search models, it is necessary to first write down such a

model. The general idea of the matching function approach is to explicitly recognize

that in the “real world” workers and firms who wish to effect an exchange must do so
without access to a centralised spot labour market. Rather, there is a time-consuming
search process whereby unemployed workers and job vacancies are brought together.

While this process may be stochast.c at the individual level, it is assumed that a

deterministic relationship exists between the total number of matches occurring in

a market and the total number of searchers on either side of the market. It is this

deterministic relationship which is called the matching function.

Such a ‘matching function’ figures prominently in recent work by Pissarides (1987)
and Blanchard and Diamond (1989) which kas analysed labour market dynamics. The

base case of a matching function can be taken as:
Iy = X.-(U., Oc)- (3-2‘1)

Here the total number of matches, z, is a function of the number of unemployed
workers, U;, and the number of job offers, O;, posted by firms to fill vacancies. Like

a production function or utility function, this deterministic relationship represents
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a more fundamental feature of the economic environment. Using such a function is
more expedient than modelling *he underlying physical facts of the search process in
great detail every time a search model is used.

Following the theoretical work of Pissarides, the following assumptions are made

here concerning the matching function:
ASSUMPTION 3.1 X,(Ui,, O;,) is increasing in both U; and O; and is concave.

The fact that the matching function is increasing in its argur--nt is fandamental to
the paradigm. This simply says that more searchers produce more matches. Con-
cavity means that these increases happen at a decreasing rate (i.e. that there is
non-increasing ‘marginal productivity’ of both vacancies and unemployment). Cer-
tainly, there is little reason to believe that the opposite will be true, namely that, as
a market becomes more and more unbaianced, matches grow at an increasing rate.
Increasing disparity in a market raises the probability of multiple contacts and likely
causes other interference effects between searchers on the long side of the market.
Not surprisingly, these arguments echo those for decreasing marginal productivity
in an intermediate microeconomics text. Concavity is not a critical feature of this
paradigm but is nevertheless important because it distinguishes matching function
models of unemployment dynamics from those based on job queues. In the latter
case, increasing the short side of the market with the other side held constant will
create a proportional rise in matches. This proper'; o1 queue. is discussed in more

detail below.
ASSUMPTION 3.2 X,(U;, O;,) is homogeneous of degree one.

Assumption 3.2 is imposed partly as a convenience beca:se it implies that the number
of matches per searching worker can be written as a function of a single variable, 4;:

z./U, = X.-(U., 0.)/U‘ = X§(1,0¢).

This convenience is justified by Blanchard and Diamond (1989) who found that the
assumption of constant returns to scale could not be rejected for an aggregate U.S.
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matching function. Some authors, such as Diamond and Fudenberg (1989) have
considered increasing returns to scale because this allows for the interesting possibility
of models with multiple natural rates of unemployment. There is little reason to prefer
this assumption when testing the matching function approach since the assumption
of increasing 1eturns is usually more controversial than that of constant returns.

The procedure followed here will be to adopt the assumption of constant returns
to scale in order to examine the more basic assumptions that the matching function
is both increasing and concave. This allows for the analysis to be conducted in terms
of a univariate relationship between the ratio of matches to searching workers and
the tightness of a labour market, 8. Of course, this means that any rejection of
Assumption 3.1 could be due to the inappropriate use of the homogeneity-of-degree-
one assumption but, again, existing empirical work suggests that this will not be the
case.

It is useful to recognise that the ratio of matches to searching workers car oe
interpreted as the probability that any particular worker is matched. While the
matching function is deterministic at the aggregate level, there is uncertainty for an
individual searcher. The probability that a worker is matched will be denoted by
the function p(6;) = X(1,6,). The matching function is increasing in both of its
arguments by Assumption 3.1 and this means that the matching probability for a
worker rises with §;. Intuitively, 8, is a measure of the ‘tightness’ of a labour market
and high values of 6, indicate that jobs are relatively abundant.

The implications of Assumption 3.1 for the p(6;) function can be stated as follows:

g0 =2%

P =25 <0

These sign and curvature restri~tions will be examined in the remainder of the chapter.
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3.3 Data for the Empirical Tests
Ideally, the empirical validity of the matching function approach would be examianed
by reference to unemployment probabilities and market tightness measures for labour
markets covered by a single maiching function. Unfortunately, while some cross-
sectional data are available, they cannot readily be matched with vacancy and unem-
ployment data. On balance, the best data source is provided by monthly provincial
data on market tightness and unemployment transition probabilities !. With these
data it is possible to analyze the structure of the matching process for three Canadian
provinces: Quebec, Ontario and British Columbia. The choice of provinces is dictated
by the availability of the monthly Help Wanted Index (HWI). The other provinces
are grouped into two regions (the Prairie Provinces and Atlantic Canada) so that it
is not possible to match vacancy data with the HWI at the provincial level for those
seven provinces

To give units to the Help Wanted Series, the Quarterly Survey of Vacancies is
used to normalize the Help Wantc"l Index. Normalised Help Wanted Index series were
constructed which have the same 1976 annual mean as does the 1976 vacancy survey.
These annual averages were approximately 4,000, 18,000, and 12,000 vacancies for
British Columbia, Ontario and Quebec respectively. While the choice of base year
is rather arbitrary, the choice of a year in the middle of the vacancy survey sample
seems quite natural. With regard to the use of the HWI as a proxy for vacancies,
the analysis of section 1.7 of this thesis suggests that the HWI performs well for all
provinces but Quebec. Correlation coefficients ranged from 0.12 for Quebec to 0.69
for British Columbia and 0.90 for Ontario.

This is admittedly a simplistic way of attributing units to the Help Wanted Index.
A more sophisticated method is advocated by Kapsalis (1988) based on an assumption
that the number of frictional unemployed equals the number of vacancies and that
all unemployment in 1966 was frictional. While there are virtues to this method,

1 Chapter One of this thesis describes in detail the sources for these data.
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there seems no compelling reason to prefer it to the simple use of the Vacancy Survey
data. The tradeoff would appear to be between the potential problems in the Quebec
series and the potential error in the identifying assumption used by Kapsalis. Here a
preference for simplicity is followed. Any potential problems due to incorrect basing
of the series will only affect the pooled results, however, and so less weight should be
placed on these regressions.

The normalized series are presented together in Figure One. It is worth noting
that the pooled regression provides orly a slightly wider range of values than is yielded
by the series for Ontario alone. In general, the degree of tightness has been roughly
comparable in these three provinces. The two clear exceptions are the behaviour
of the Ontario labour market during the recovery after the 1982 recession and the
Quebec case during the early 1980’s. The tests of the chapter will belp to determine

if these differences are also reflected in transition rates from unemployment.
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Figure One: Comparison of Normalized Market Tightness (6) Series
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Unemployment transition probabilities can be calculated from labour market

gross flows data. Statistics Canada collects, but does not publish, estimates of the
monthly flows between each of the following three labour market states: employment,
unemployment, and non-participation. These estimates are derived from the portion
of the Labour Force Survey sample that is retained in the sample between consecutive
months. If the flow from unemploymesnt to employment between month t and t + 1 is
divideu by the stock of unemployed workers at time ¢, theu a measure of the average
instantaneous probability of moving from uncmployment into employment at time ¢
is obtained. Clearly, heterogeneity renders this average measure less than perfect but
this estimated hazard rate is, nevertheless, a reasonable indicator of the tramsition
probability p(6;) in a given labour market, particularly since work by Jones (1992)
found little difference in the long-term a+:rage value of this flow probability for young
versus old or men versus women.

Once constructed, the data above show strong seasonal patterns. A similar find-
ing led Blanchard and Diamond (1990) to adjust their gross flows data for seasonal
adjustment. It is =t clear that this is desirable here, however, since the high degree
of seasonal variation in hazard rates may provide information about the matching
process. According to the theory, seasonality of hazard rates should reflect seasonal-
ity of recruitment intensity and thus market tightness. Indeed, analysis of seasonal
factors from the X-11 adjustment procedure in Micro-TSP suggests that these season
patterns are similar but not identical. The factors for adjustment with s multiplica-
tive seasonal process are in Figures Two through Four. These graphs suggest that
there may be value to conducting the analysis with data that are not adjusted for
seasonality. For the sake of consistency, the present analysis will follow the lead of
Blanchard and Diamond and use adjusted data to focus on longer-term fluctuations.
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3.4 The Relationship Between Employment
Hazard Rates and Market Tightness:
The Stylized Facts
The validity of the matching function paradigm can be evaluated both formally and
informally. Informal analysis is conducted by examining time series plots and scatter
diagrams relating observed hazard rates to measured market tightness. Chronological
graphs appear in Figures Five through Seven while Figures Eight through Ten are
scatter-graphs. Unfortunately, a gap appears in the hazard rate series in late 1984
and early 1985 (six months in total). This reflects the fact that Statistics Canada did

not calculate gross flow estimates during this period for technical reasons.?

The time series graphs reveal two general stylised facts. First, market tightness
and hazard rates have seemed to move together over time. Market tightness and
hazards fell during the 1982 recession in all provinces and the variation in post-
recession hazard rates is also reflected in market tightness. It is nevertheless true
that the hazard rate series is more variable than the market tightness series. This
could reflect the fact that the sampling error is greater for the gross flows data or may
indicate that the Help Wanted Index is overly smooth due to averaging. Interestingly,
the graphs reveal that the divergent behaviour of market tightness in Quebec during
1980 and 1981, revealed in Figure One, is also reflected in the hazard rates.

It is easier to discern the form of the relationship between the hazard into employ-
ment and market tightness if these data are plotted on the y and z axes of a graph.
This has been done in Figures Eight through Ten. In these graphs, small crosses rep-
resent actual observed data points. While all three graphs differ in several aspects, the
general impression is of an upward sloping relationship with a possibly declining slope.

Around this general impression there is a considerable amount of random variation.

2 These ‘holes’ complicate the seasonal adjustment procedure. Adjustment was achieved by cal-
culating seasonal factors for the contiguous observations between 1976 and 1983. These factors were
then used to adjust all the observations. This procedure assumes that the seasonal pattern remained
the same after the gap in the data.
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To make any precise statement about the hazard rate/market tightness relationship
will clearly require some method for separating allowable random deviations in the
data and departures from theoretical shape restrictions.

The general statistical principal followed in this chapter is the use of flexible
estimation methods that minimise the imposition of functional forms. It is not difficult
to think of cases in which a non-monotonic regression might yield a positive slope
globally due to the inappropriate choice of a linear functional form. Given this, two
flexible estimation methods are used here. First, monotonicity is tested by fitting a
linear spline function to the data and then fitting a restricted model in which the
slope of the relationship is always positive.

A second functional form can be used for cases in which monotonicity cannot
be rejected. Here, a curve can be fit through the data by minimising the sum of
squared deviations from the curve subject to the restriction that the fitted curve
be monotone non-decreasing and concave. This can be tested against a fitted curve
which must only satisfy monotonicity. Implementing this model requires the use
of numerical techniques for solving inequality-constrained quadratic programming
methods. The monotonicity test could not use this same curve fitting method because
the unrestricted case necessarily has an error variance of zero so that the variance
of the error term could not be estimated. This preve.ts inference regarding whether
the variance of the random noise term is large enough to explain departures from

non-decreasing monotonicity in the data.
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3.5 Testing for Monotonicity

To test the validity of the theoretical restrictions in the matching paradigm a natural
approach is suggested by the tradition of imposing inequality constraints in a curve
fitting exercise. This is done by first solving a problem of minimising the sum of
squared differences between actual and fitted hazard-rate points, where the fitted
points are required to fall on a piece-wise linear approximation (i.e. a linear spline
function). This is then repeated subject to monotonicity constraints. Tests of the
monotonicity condition are obtained by simulating the likelihood ratio statistic to
determine a critical value.

To estimate a linear spline, the following regression function is fit:

M

w=a+) Adum; +u.

i=1
There are M piece-wise linear segments which partition the values of the market
tightness variable into intervals [0,6,),(6;,602),...,[0m-1,00). In the chapter, ten
intervals are allowed and the intervals are chosen so that roughly the same number
of data points fall in each interval. The dum; variables are designed so that each
Bi coefficient gives tbe slope of the i** segment.®> Within this framework, negative
monotonicity is tested by examining the restriction that none of the §; are greater
than zero.

This investigation proceeds by estimnating unrestricted and restricted versions
of the regression equation. The unrestricted regression requires no more than the
use of OLS techniques. Estimation of the model subject to inequality restrictions
requires the use of a quadratic programming method and the constrained least-squares
estimation routine BCLSJ from the IMSL library was chosen for the numerical work.

Unzestricted regression results for the three provinces are provided in Tables One,
Two and Three. These regression results are further illustrated in Figures Eleven,

Twelve, and Thirteen which show the piece-wise linear nature of the fitted curves.

3 For details of how these dummy variables are constructed see Appendix B to this chapter.
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The appropriateness of the spline specifications is confirmed by the R? fit measure and
the Durbin-Watson diagnostic statistic. The second columns in Tables One through
Three are restricted regression results. A test statistic is provided which is calculated

as follows:

SSRp— SSRyn
SSRya/(N-M - 1)’

This statistic is analogous to the normal F-statistic for linear restrictions. The

stat =

critical modification is that the numerator is not divided by the number of restrictions
because the number of binding restrictions is unknown. Any of zero through M re-
strictions could be binding. Thus, rather than the familiar asymptotic x? distribution,
the statistic here is a mixture of chi-square variables with degrees of freedom ranging
from zerc to the number of linear segments. Conditional on the number of binding
constraints, the statistic is chi-square with degrees of freedom equal to the number of
constraints that bind in the data. Note that the probability that no constraints bind
is non-zero with inequality constraints; thus, there is a mass of probability on a value
of zero for the statistic.

In order to calculate critical values of the test statistic analytically it is necessary
to know the probabilities of having zero through M constraints binding. These prob-
abilities are difficult to compute. Fortunately, it is possible to obtain the distribution
of the test statistic by using a numerical simulation. This method involves generating
148 realizations of a random variable with the same distribution a: ¢. Then, depen-
dent variables are obtained for the case where all slope coefficicnts are zero. This
represents the case of a positive monotone function that is on the boundary of the
set of such functions. Then, the design matrix of # variables is used to estimate the
restricted and unrestricted spline estimates. This is repeated 500 times to determine
critical values for the test statistic described above.

In parentheses under each value of the test statistic, probability values are pro-
vided for the likelihood of incorrectly rejecting the hypothesis that the restrictions
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are true based on the calculated value. These are calculated for the case of H, : 8, =
0 V - (the so-called ‘least-favourable configuration’). In other words, it is sup-
posed that the restrictions are “just” true; that is, the borderline case of a monotone
non-decreasing relationship does, in fact, hold. The simulation then determines the
distribution of the test statistic described above for this least-favourable case. The
computed realised value from the spline regressions can then be compared against
this simulated distribution.

The test procedure involves the choice of a critical value for the test statistic. The
null hypothesis of non-decreasing monotonicity will be rejected if the realised value
of the statistic exceeds this critical value. Clearly, this can happen because the null is
false or because random variation in the statistic produced a large value, even though
the null is true. When doing statistical inference, we wish the latter possibility to
be very unlikely. A bound on the probability of making this type I error is provided
by the simulations. If the simulated value exceeds the realised value z per cent of
the time, then this is the probability of incorrectly rejecting the null hypothesis of
non-decreasing monotonicity when the borderline case is true. This yields an upper
bound on the case where some of the coefhicients are non-zerc because, in this case,
the distribution of the test statistic will be closer to the origin.

In each of the three cases here, the probability of a Type-I error would be un-
acceptably high if the null of non-decreasing monotonicity were rejected. The prob-
ability ranges from 0.74 for Ontario up to 0.98 for British Columbia. Again, these
are lower bounds on the probability because they are calculated under the least-
favourable boundary assumption. The inference is therefore that in no case can the
null hypothesis of non-decreasing monotonicity be rejected. This provides some ob-
jective support for the informal impression that an increasing trend exists in the data.
Given this result, a second step can proceed to examine the assumption of concavity

given that monotonicity holds.




Table One: Spline Function Regression Results for British Columbia

Uurestricted Restricted

Constant 0.30 0.18
(0.10) -
Slope Coefficient for the Interval:
0 -0.013 -10.13 0.00
(8.37) -
0.013-0.018 0.63 0.00
(3.71) -
0.018-0.025 6.24 5.13
(3.26) -
0.025-0.032 -1.64 0.00
(3.86) -
0.033.2-0.036 7.11 5.16
(6.59) -
0.036-0.040 6.05 6.37
(4.53) -
0.040-0.046 0.75 0.72
(2.47) -
0.046-0.080 1.31 1.31
(0.52) -
0.080+ 0.04 0.04
(0.46) -
R? 0.63 0.63
DW 2.19 217
Stat 1.88
(P-value) (96.0 %)

(Standard errors are in parentheses below parameter estimates)

95



Table Two: Spline Function Regression Results for Ontaric

Unrestricted Restricted

Constant 0.13 0.13
(0.05) -
Slope Coeflicient for the Interval:
0 -0.025 3.04 3.02
(2.21) -
0.025-0.045 0.57 0.60
(1.03) -
0.045-0.055 3.40 3.29
(1.81) -
0.055-0.065 0.23 0.55
(1.47) -
0.065-0.075 2.52 0.83
(1.43) -
0.075-0.085 -3.06 0.00
(1.56) -
0.085-0.095 3.21 1.05
(1.70) -
0.095-0.150 -0.15 0.00
(0.35) -
0.150+ 0.33 0.28
(0.32) -
R? 0.45 0.44
DW 2.05 1.99
Stat 388
(P-value) (74.0 %)

(Standard errors are in parentheses below parameter estimates)




Table Three: Spline Function Regression Results for Quebec

Unrestricted Restricted

Constant 0.12 0.12
(0.03) -
Slope Coeflicient for the Interval:
0 -0.016 1.99 1.93
(2.39) -
0.016-0.020 -0.10 0.26
(4.37) -
0.020-0.024 5.75 4.11
(4.05) -
0.024-0.029 -2.41 0.00
(3.01) -
0.029-0.035 5.12 2.60
(2.64) -
0.035-0.041 0.29 0.00
(2.46) -
0.041-0.044 -5.49 0.00
(4.36) -
0.044-0.048 0.76 0.00
(2.48) -
0.048+ 1.20 1.00
(0.39) -
R? 0.39 0.38
DW 2.18 2.13
Stat 4.08
(P-value) (78.0 %)

(Standard errors are in parentheses below parameter estimates)
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Preferences are additively separable over time and the period utility function is linear
in consumption. This rules out the question of risk pooling since all agents are risk
neutral. Only consumption enters the utility function and it is assumed that all
current income is consumed since no opportunities for intertemporal exchange are
allowed. Given this environment, the objective is equivalent to the maximisation
of expected discounted income streams. All agents are assumed to face the same

discount factor, 8, which is parametric to the model.

Production Technology and Product Market Structure

Production combines labour with an input owned by the capitalists. All workers
are idertical with regard to productivity and firms in the model are single worker
enterprises. At the industry level, there is a downward sloping Marshallian demand
schedule for total output. OQutput at a particular location is characterised by constant
marginal product of labour.

Production equals employment in this environment so that market and techno-

logical factors can be summarised by a single average-revenue-product (y,) function:

ye = F(Ny, o) (3-1)

where: N, is a total employment,
¢ is a demand shock.

Assume:

ASSUMPTION 3.1 F is increasing in p and decreasing in N. Furthermore, F is

concave in N.

The term yu; may reflect relative demand shocks in world markets for the sector-
specific goods. These shocks need not be independent across sectors. With a slight
modification, the shocks could be due to changes in sectoral productivity. Prices are

expressed in terms of some numeraire rather than either sectoral good.
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Table Four: Test Results with Concavity Imposed

Province Statistic P-value
B.C. 0.163 0.00
Ontario 0.106 0.00
Quebec 0.101 0.00

The meaning of these results is that it is possible to reject the additional assump-
tion of global concavity. Clearly, enough non-concave regions exist to suggest that
the underlying relationship is not concave. This means that the theory fails on one
level. In another way, however, the theory is a success since the graphs suggest a
departure from linearity in favour of concavity. This is confirmed by the following

simple regression of the hazard rates on a quadratic in market tightness:

Table Five: Test Results with Concavity Imposed

(Standard Errors in Parentheses)

%
Province Constant é 6?
B.C. 0.131 3.44 -17.28
(0.007) (0.28) (2.28)
Ontario 0.164 1.35 -3.91
(0.008) (0.16) (0.62)
Quebec 0.128 2.32 -18.73
(0.008) (0.53) (8.17)

These results show that it is possible to reject the assumption of a constant
slope in the relationship between market tightness and the hazard rate for flows
into employment. This means that the relationship is not linear and, in the simple
quadratic example given here, the curve is concave. The isotonic results in Table Four
suggest that a model exists with sufficiently many changes in curvature to lead us to

reject the constant concavity assumption.
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3.7 Pooled Regressions

This study kas used a normaliz<d Help Wanted Index series in the construction of the
market tightness variable 8. For the analysis thus far, this has no importance because
a scaling factor will not affect the test for non-increasing monotonicity or concavity
so long as all the data have been subjected to the same re-scaling. The virtue of the
normalization is that it allows for comparisons between values of market tightness in
different provinces. In particular, it is possible to pool observations over time and
across nrovinces to examine the issue of whether a stable matching relationship holds
across provinces as well as over time.

In this section, the steps conducted above for each province are repeated for
the combined data. A note of caution is sounded in advance: measurement error is
potentially a problen: if the normalization used here is not correct. The possibility
that this may be the case is suggested by the finding (evidenced by the low correlation
coefficient above) that the Vacancy series and Help Wanted Index series diverged
significantly in Quebec. Nevertheless, subject to this caveat, the pooled analysis has
some value.

Figure Twenty shows a scatter diagram for market tightness and the transition
rate to employment using 444 pooled time-series/cross-section observations. As be-
fore, a general increasing pattern with a possibly declining slope is revealed. The sign
of the relationship is tested by using a spline regression. The results of this method
are presented in Table Six and the fitted relationship from the unrestricted spline
regression is shown in Figure Twenty-One.

The probability value for this test strongly suggests that the sign restrictions will
hold. Rather than continue with concavity tests, it seems preferable to leave this for
fature work which will investigate functions of both the vacancy and unemployment
series to exploit the fact that observations are plentiful in the pooled regressions.
Given the results above, it seems likely that the pooled regressions will reject global

concavity while still favouring concavity over linearity.




Table Six: Pooled Spline Function Regression Results

Constant

Slope Coefficient for the Interval:

0 -0.025
0.025-0.045
0.045-0.055
0.055-0.065
0.065-0.075
0.075-0.085
0.085-0.95
0.095-0.150

0.150+

R?
DW

Stat
(P-value)

(Standard errors are in parentheses below parameter estimates)

0.143
(0.01)

2.15
(0.72)

1.58
(0.46)

-0.58
(1.04)

3.10
(1.32)

1.69
(1.45)

-0.36
(1.67)

2.96
(1.84)

-0.21
(0.42)

0.12
(0.39)
0.43

1.97

Unrestricted Restricted

0.13

2.22
1.44
0.00
2.62
1.68
0.00
2.22
0.00

0.00

0.43
1.97

0.59 %
(99.6 %)
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3.8 Conclusions

The general conclusion of this chapter is that the matching function approach im-
poses restrictions that are reasonably consistent with observed empirical regularities.
Monotonicity assumptions were accepted by the data, in a piece-wise context, but
concavity was rejected in the more demanding context of concavity at all observed
points. However, the data strongly suggest that the relationship is more nearly con-
cave than linear. The fit of the spline models was reasonably close, and the regressions
typically accounted for just under a half of the variation of the hazard series about
their mean. This is interesting given the amount of high-frequency noise in the haz-
ard series, much of which Blanchard and Diamond (1990) attributed to measurement
error. The pooled regressions support these results for individual provinces.

Of these monotonicity and concavity results, the first is less interesting because a
number of theories suggest a relationship between market tightness and hazard rates.
Perhaps only equilibrium models of unemployment which ignore recruitment activity
(such as lottery or optimal leisure models) are not at ease with this finding. The
concavity result is more interesting because it is a more precise implication and is
thus more readily falsifiable and less amenable to other theories. Concavity results in
an environment with costly search wher~ it is assumed that physical search activity
has diminishing marginal returns to activity on either side of the market. This may
be contrasted with an extreme “job queue” model in which the unemployed simply
wait their turn for a job. Here, a doubling of the number of vacancies on the short
side of the market would simply double. This suggests that search activity is of some
empirical relevance in labour markets.

A simple queuing model can be expressed in terms of the following matching
technology:

Iy = min(U., Og).

In other words, the short side of the market always gets matched and those on the

other side of the market are rationed. If the assumption is made that there are always
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more unemployed workers than vacancies, as the observed 8 values suggest, then the
ratio of matches to unemployed is just U/O i.e. p(8) = 8. It is clear that this implies
a linear relationship between hazard rates and market tightness which is not found
in the data.

Of course, a strict concave relationship was also not found in the data. This
may reflect the fact that the theory is only approximately true or be due to the fact
that testing was done under the ‘least-favourable configuration’, as is necessary when
testing inequality constraints. This method can serve to show when a restriction is
not falsifiable for a chosen test size but cannot definitively reject an hypothesis. The
message from this chapter is that the matching paradigm has empirical virtues as
well as theoretical. Given this, future work should continue to elaborate on the state

of knowledge regarding the features of such models.



Chapter Four

Estimating a Markov Switching
Regression Model of Recruitment
Intensity and Market Tightness
with Sectoral Shocks

4.1 Introduction

An important focus of debate in macroeconomics is the contribution of sectoral or
regional shocks to aggregate unemployment rate fluctuations. The debate was born
when Lilien (1982) advanced the hypothesis that fluctuations in the pace of labour
reallocation can produce a time-varying rate of frictional unemployment. Lilien sup-
ported this argument with empirical results intended to show that the magnitude of
these fluctuations in the “natural rate” of unemployment is large relative to observed
cyclical variation in unemployment. In fact, the bulk of recent fluctuations in the
rate of unemployment are attributed to frictional unemployment in this empirical
analysis.

Some authors have subsequently criticised this work on several fronts. First, it has
been argued that the sectoral shock measure used by Lilien can also measure aggregate
shocks. Abraham and Katz (1986) describe two plausible scenarios where this is true.

Secondly, Abraham and Katz have also argued that the empirical relationship between
110
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vacancies and unemployment (“the Beveridge curve”) would be positive if Lilien-type
sectoral shocks are affecting the economy but that this is not consistent with an
observ:d negative slope. Finally, Blanchard and Diamond (1989) use the Abraham
and Katz dichotomy based on the slope of the Beveridge curve to identify sectoral
shocks and aggregateshocks in U.S. data. The authors conclude that aggregate shocks

account sor the bulk of fluctuations.

Several respouses to these criticisms are available. First, authors such as Samson
(1985) have worked with adjusted measures of sectoral reallocation that are designed
to be orthogonal to observed measures of aggregate shocks. Samson found evidence
of large sectoral shock effects although Neelin (1987) did not. Next, models can
be constructed in which sectoral shocks affect aggregate unemployment even in the
absence of large inter-sectoral flows (see Rogerson (1990) or Chapter One of this
thesis). Finally, models such as Hosios (1991) or Andolfatto (1991) reveal that the
Beveridge curve may have a negative slope even if sectoral shocks dominate in the
data. This last point is particularly relevant because it also tends to negate the
Blanchard and Diamond work which uses the slope of the Beveridge curve to uncover

underlying shocks.

Given this work, the current state of thinking on the sectoral shocks question
is rightly viewed as a debate in which neither side is able to formulate a definitive
argument. Further empirical work is thus needed to increase understanding of this
important question. It is precisely such work which is presented in this chapter.
An estimation procedure is outlined which can assess the importance of sectoral
and regional shocks in the determination of unemployment duration. The duration
of unemployment is a key variable of interest because the analysis in Chapter One
identified endogenous unemployment duration as an avenue by which sectoral shocks

can iffect aggregate unemployment even in the absence of labour flows.

Briefly, the strategy in the chapter is as follows. An example of a useful data set is
provided and a procedure for applying the Hamilton (1989) method to extract infor-
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mation from these data is outlined. This procedure requires some economic structure
so a theoretical model is then develo) .. which relates unemployment duration to re-
cruitment intensity and the mix of sectoral and aggregateshocks. This model provides
regime-dependent equations which determine the optimal recruitment intensity. The
empirical part of the chapter applies the Hamilton technique to identify sectoral and
aggregate shock regimes and estimate regime-dependent recruitment intensity rules.
The chapter ends with a discussion of the results and a consideration of promising

future avenues of research.

4.2 A Data Set and Estimation Method

An interesting feature of unemployment duration time series in Canada is a marked
divergence iz fortunes between Ontario and Alberta. As Figure One below shows,
the late 1970’s and early 1980’s saw a much shorter average duration in Alberta than
in Ontario. While unemployment duration rose in both provinces in 1982, this rise
was far more pronounced in Alberta. During the post-1982 recovery, unemployment
duration fell rather rapidly in Ontario but showed some persistence in Alberta. As a
result, the late 1980’s were characterised by a reversal of provincial fortunes. It is only
in 1990 that there is an apparent equalisation of unemployment duration between the
two provinces. This pattern strongly resembles the timing and direction of oil price
shocks which occurred during the 1970’s and 1980’s. Oil price rises in 1973 and 1979
worked in the favour of Alberta relative to Ontario while the price collapse in 1986
had the opposite effect.

Resource price shocks are the most obvious sources of sectoral shocks during this
period and it seems that this graph reveals the potential influence of sectoral shocks
on unemployment. Extended to the Canadian economy as a whole, this episode
suggests that fortunes within the country might be well-represented by two states:
one in which the resource-rich provinces do well and the manufacturing provinces

do poorly and the other in which these positions are reversed. There are several
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reasons why such a characterisation would be relevant if true. First, if oil-price
shocks affect unemployment duration then this provides information about the process
governing duration. Secondly, in a time of constitutional debate, it is interesting
to see how political union can allow for diversification of regional risks. Finally,
even work which is unfavorable to the pure sectoral shocks explanation for aggregate
unemployment, such as the work of Neelin(1987), does allow that regional shocks may
have a significant effect on unemployment that does not proxy for aggregate shocks.

25
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Figure One: Average Duration of Unemployment

To extract information from these data, an econometric method developed by
Hamilton(1989) is adapted. The Hamilton algorithm can be applied to a mode] in
which there is an unobserved state variable which can take on values from within a
small set of discrete values. In particular, Hamilion assumes that the state variable
evolves over time according to a Markov process. Recently, this method has been used
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to estimate the parameters of a process for real GNP (Hamilton, 1989), real interest
rates (Garcia and Perron, 1990) and real dividends and real vonsumption (Bonomo
and Garcia, 1990). Here it is proposed that the method be applied to recruitment
intensity data which underlie the unemployment duration data in Figure One.

The method basically applies the switching-regression maximum likelihood meth-
ods of Goldfeld and Quandt and applies them to a situation in which a regime indica-
tor variable follows a Markov process. Unlike traditional methods, this approach does
not assume that all states are permanent. One output from the estimation procedure
is the transition matrix for the Markov process. Examination of the transition prob-
abilities allows inference regarding the frequency of switches between states. This
analysis is useful because multi-sector search behaviour is much less difficult to an-
alyze in a restricted version of the model in which states change with only very low
probability. In addition to estimating the parameters of the process, estimates of the
probability that the regime is in either of the states are also obtained. This will allow
for a comparison of regime changes in the model with those known to have occurred in
resource markets. If the model finds that the most likely shift points between regimes

coincide with prior information, then support for the model grows.

4.3 The Environment of the Model

This analysis of a two-sector economy ignores migration as a variable of intercst so
that, while labour market participants have to engage in search to find a match, labour
and capital are unable to leave their own sector. In effect, each sector is analysed
in isolation so that only a single sector theoretical model need be constructed. This
structure is obviously counter-factual and ignores fairly complex adjustment dynamics
due to migration; however ignoring migration yields much simplicity and it can be
argued that the costs are second order in magnitude. For example, Baldwin and
Gorecki (1990) suggest that sectoral flows in Canada are not quantitatively important.
Next, authors such as Murphy and Topel (1987) and Blanchard and Fischer (1989)
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have claimed that inter-sectoral flows do not have the cyclical properties dictated by
the sectoral shifts paradigm. Recall that this chapter seeks to respond to this by
considering the possibility that sectoral shocks can affect aggregate unemployment
even if flows are zero and a model without migration is entirely appropriate to this
task.

This chapter examines the properties of a simplified environment in which labour
market participants have to engage in search to find a match. At each date ¢, thereis
a constant aggregate labour force of size L which is allocated endogenously between
those working (N,) and those searching for employment (U;). Working and searching
are mutually exclusive activities. Search is two-sided in this economy since firms must
search for workers in order to commence production. A position in search of a worker
is called a ‘vacancy’ or ‘posted offer’ and is analogous to an unemployed worker. The
number of vacancies at time ¢ is denoted by O;. No upper limit is placed on the
number of potential vacancies, in contrast to unemployment which is limited by the
size of the labour force. Firms in the model make decisions about whether to search
for a worker or whether a producing firm should be closed. Workers have no decision
to make since they either work or search depending on their exogenously determined
state.

The model accords fairly well with agricultural or resource economies in which
products can only be grown in certain regions. To fix ideas, output in the model may
be thought of as the fruit of a tree so that the capitalists are owners of the trees and
the land they grow upon. The workers are then paid to pick the fruit of the trees.
Search arises naturally in this environment since workers have to find a tree which is
in need of husbandry. Search costs for capitalists could reflect the fact that effort is
expended to attract wc.gers or the fact that a tree yields no recreational value (i.e.

shade) if it is prepared for tending.

Preferences

All agents in the model are assumed to maximise expected discounted utility.
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Preferences are additively separable over time and the period utility function is linear
in consumption. This rules out the question of risk pooling since all agents are risk
neutral. Only consumption enters the utility function and it is assumed that all
current income is consumed since no opportunities for intertemporal exchange are
allowed. Given this environment, the objective is equivalent to the maximisation
of expected discounted income streams. All agents are assumed to face the same

discount factor, 8, which is parametric to the model.

Production Technology and Product Market Structure

Production combines labour with an input owned by the capitalists. All workers
are idertical with regard to productivity ard firms in the model are single worker
enterprises. At the industry level, there is a downward sloping Marshallian demand
schedule for total output. Output at a particular location is characterised by constant
marginal product of labour.

Production equals employment in this environment so that market and techno-

logical factors can be summarised by a single average-revenue-product (y,) function:

v = F(Ny, ) (3-1)

where: N, is a total employment,
¢ is a demand shock.

Assume:

ASSUMPTION 3.1 F is increasing in p and decreasing in N. Furthermore, F is

concave in N.

The term u, may reflect relative demand shocks in world markets for the sector-
specific goods. These shocks need not be independent across sectors. With a slight
modification, the shocks could be due to changes in sectoral productivity. Prices are

expressed in terms of some numeraire rather than either sectoral good.
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Search Technology

To this point, the algebra of the model is fairly conventional. The remainder
of this section introduces an important departure from the standard microeconomic
paradigm. Instead of frictionless transacting between labour market participants, a
model of real-time search is considered. The search process is modelled in a discrete
time framework to make explicit the passage of time and the sequence of events within
the model. The model assumes that there is a basic unit of work and search, which
may be a day, week or month depending on the context. It seems most natural to
begin with a view that one period equals one day.

At the beginning of each day, each worker is assumed to know whether she has
a job for that day. Similarly, capitalists know whether a worker will be reporting to
their plot or if a vacancy must be posted to locate a labourer. All ageats are also
aware of current labour force and employment conditions as well as the current state
of the shock term y;. Given this information, two actions can be taken before work or
search activities commence. First, vacancies may be created or withdrawn by owners
of capital. Also, some firms that are known to have a match with a worker could
decide that the shadow value of the capital exceeds the return to producing and some
matched workers could quit. These latter two possibilities will not be analyzed since
it will be assumed that it is always worthwhile to remain matched.

The decisions made at dawn are acted upon before production or search begins.
Sufficient time is available to post vacancies before 7:00 am. During the day proper,
successfully matched pairs produce fruit while unemployed workers and owners of
vacant trees engage in search activity. By the end of the day, it is known which
searchers have succeeded in contacting partners; however, it is also true that some
pairs that were previously matched will discover that they have suffered an exogenous

separation shock.

The sequence of events in the economy is conveniently summarised in the following

‘daily agenda’ for a day labelled t:
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5:00 am All agents know if they are matched or not for the current day.
The value of the stochastic shock terms u, is also revealed at
this point. Given this information, unmatched capitalists may
post or withdraw job offers.

7:00 am Matc}l:ed pairs begin producing. Unmatched agents search for a
match.

5:00 pm Productive activities cease. Matched pairs learn if they have
suffered a separation. The outcome of search activity is revealed.

Flow costs/benefits arise in the model when in the searching state. Unemployment
benefits for searchers are denoted by b and are net of the direct costs of searching.
A positive benefit may capture a pecuniary-equivalent value of searching rather than
working. Capitalists must pay a per-period cost of 7 which could represent either
the cost of effort expended to attract a worker or the foregone shadow value of the
capital resulting from its preparation for use.

The probability that any searching worker receives a job offer is assumed to be
some function of 6, the ratio of the number of vacant firms (O,) to the number of
searching workers (U;) (i.e. 8, = O,/U,). This relationship is derived from a function

that gives the total number of matches (z,) as a function of O, and U;:
I = X(Ug, Og) (3-‘2)

Such a ‘matching function’ figures prominently in recent work such as Pissarides
(1987) and Blanchard and Diamond (1989) which have analysed labour market dy-
namics. Like a production function or utility function, the matching function repre-
sents a more fundamental feature of the economic environment. Using such a function
is more expedient than modelling the underlying physical facts of the search process.

The following assumptions are generally made concerning the matching function:
ASSUMPTION 3.2 X(U,, O;) is increasing in both U, and O, and is concave.

ASSUMPTION 3.3 X(U;, O;) is homogeneous of degree one.
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Much ease of exposition is obtained by Assumption 3.3 since it implies that the
number of matches per searching worker can be written as a function of a single
variable, §,:

ze/ Uy = X(Ut, 0)/U: = X(1,86:).

The probability that any given worker is matched is precisely this ratio of matches to
searching workers. This probability will be denoted by the function p{8;) = X(1,6,).
The matching function is increasing in both of its arguments by Assumption 3.2 and
this means that the matching probability for a worker rises with 8. Intuitively, 6 is a
measure of the ‘tightness’ of a labour market and high values of 8 indicate that jobs
are relatively abundant in a sector.

Of course, the matching function also determines the number of vacancies that

are matched in each period. The ratio of matches to vacancies is:
31/01 = X(U., 0.)/01 = X(l/ﬂ., 1).

This ratio, which also depends on # gives the probability that a vacancy is
matched, denoted g(6;). Assumption 3.2 implies that ¢'(#) < 0.
In order to conduct the analysis, the following additional assumptions are neces-

sary:

ASSUMPTION 3.4 p(0) is strictly increasing in 6 fori = 1,2 and 0 < p(f) <
1 V 0<8<oo.

ASSUMPTION 3.5 ¢(8) is strictly decreasing in @ for i = 1,2 and 0 < ¢(0) <
1 V oco>0>0.

These assumptions mean that no matter how unbalanced an economy becomes,
no worker or firm is ever matched with certainty. This makes clear the fact that
employment comes as the outcome of search rather than a rationing process where
one side of a market can be fully accommodated. These two assumptions are needed

to ensure that t} : steady state of the economy is well defined.
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The final detail to be specified in the economy is the process by which workers

and firms suffer involuntary separations:
ASSUMPTION 3.6 In each sector, a match dissolves with probability s per peniod.

This assumption may seem extreme but it allows for the analysis to highlight
changes in rates of flow out of unemployment. In terms of the model, it could reflect
the effects of localised disasters which render certain locations permanently non-
productive.! This assumption is nec:ssary because with a constant group of infinitely
lived agents there would be zero unemployment in the limit if no separations occur.
Growth of the economy-wide labour force through new entrants to unemployment is

ruled out because this leads to a declining steady state y;.

Rewards for Achieving a Match

In a search model like this, a surplus generally accrues to agents who succeed in
finding one another. Those who are fortunate enough to be matched can do no worse
than receive the return available from outside pursuits since they can always decide
to pursue this alternative occupation. In fact, the matched pairs will likely earn more
than their outside opportunity because the search process presents a barrier to entry.
Given the likely existence of economic rents, it is necessary to specify some mechanism

for allocating this surplus. Following Howitt (1988), it is assumed that:

ASSUMPTION 3.7 A worker receives a wage which is a constant fraction k of ker
output.

This is a pie-splitting rule in which workers and capitalists get arbitrary shares
k and 1 — k of production, respectively. Any such split is a Nash equilibrium to a
one-shot pie-sharing game and no attempt is made to endogenise the sharing rule or

to refine the equilibrium concept.

1 Such an exogenous separation assumption has been used by Lucas(1987) and Pissarides(1987).
Within the abetract agricultural environment, it is quite appropriate. In general, it would be de-
sirable to endogenise separations although the focus of this chapter is on effects due to changes in
the rate of escape from unemployment; so, nothing is lost by assuming that matches dissolve at a
constant rate.
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Dynamic Evolution of the Economy
The evolution of the state of the labour market at the beginning of each period

can be described by the following difference equations:
N¢ = Ny + p(0e-1)Us-1 — 8N,
Ui = (1 — p(6:-1))Us-1 + 8N, ;.

(2-4)

Stochastic Structure

Finally, the role of uncertainty in this model requires some explanation. It is
assumed that the shock variable u; follows a first-order n-state Markov process. The

following assumption is made with regard to serial correlation of the shocks:

ASSUMPTION 3.8 The conditional probability Pr(u.+1 = z|p:) is non-decreasing

in p, for any given value of z.

This restriction means that if the current value of the shock variable increases, then
it becomes more likely that the shock will be high in the future. In this single sector
framework, there is no distinction between aggregate and sectoral shocks since all
shocks are aggregate to the sector. Once estimation is undertaken with a two sector

model it will be possible to describe certain shocks as aggregate and others as sectoral.



4.4 Decision-Making in the Model

Decisions are made based on an information set that can be summarised by the state
variables { /Ny, st:}. Based on this information, agents will act in such a manner that
the value of the market tightness variable, 8, will be decided. This relationship will
be described by the stationary rule:

6, = e(Nu I‘c)-

In any equilibrium, it must be true that agents form their expectations of future
values given these rules and that the decisions formulated under these expectations,
in turn, give rise to the rules above. At the point of making their decisions, agents
take as given arbitrary values of §. In equilibrium, however, these values must be

consistent with the decisions taken by agents.

The entry decision of an unmatched capitalist requires that she compare the
value of posting a job offer versus the value of leaving capital non-productive and
enjoying some return from it. This calculation will also involve determining the value
of running a producing firm beginning at time t. Conditional on fixed values of §,,
the maximised values of a producing firm and a job offer, V,” and V,2, are described

by the recursive equations:

V(Ne, ) = max{0, (1~ k)F (Mo, )

+ B3 [(1 = VP (ors, ) + 5V (Noga, )| Pl .

i=1

VO (N ) = max{0, = + A3 (1 = qONVO (Ngs, )

i=1

+ Q(Ot)V”(NH,h #c)] Pr(ﬂill‘c)}.
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Equilibrium Conditions

It will be assumed that
ASSUMPTION 4.1 An abundant supply of unmatched capital exists in the econ-
omy and there are no barriers-to-entry.
Accordingly, the entry and exit decisions of holders of unmatched capital will force
the value of a vacancy into equality with the shadow value of capital. This shadow
value is normalised to zero. Free entry and exit will accordingly require that V;2 = 0
for any time #2. Substituting this into the equation for V° gives:

0=~y + B3 e(O)VP (i, Negr)Pr(ile).

=1

This condition will determine the number of vacancies given the conditions within a
market. This expression for the value of a producing firm is also simplified by this
assumption and can now be written thus:

VP(Ney ) = (1 = K)F(Ney ) + B (1 — s)VP(Ne+ 1, w)Pr(u ).

i=1

Given this equilibrium condition the following proposition can be established:
Proposition 1: The valve function VP(N,, u,) is increasing in y, and decreasing in
N:.

Proof: See Appendix.

Following from this is the following:
Proposition 2: The market tightness function, O(N,, u,), is increasing in p, and
decreasing in N;.

Proof: See Appendix.

4.5 Fluctuations in the Economy

To examine how the economy behaves, it is useful to consider two relationships that

drive the model. First, it is true that in equilibrium expected profits from opening a

2 Actually, this will only bold with equality when there is a strictly positive number of vacancies.
If there are no vacancies the value can be negative.
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vacancy must be zero. This relationship must hold at all times. Note that the labour

market dynamic equation:
Nepr = (1 — s)Ne + p(6:)(L — Ny),
= (1—s—p(6:))N; + p(6,)L
can be used to eliminate N, in the zero profit condition. This yields a relationship
between N, and 8, conditional on the state ;.

= B3 q@)V [ir (1 — 3 — p(8))Ne + p{B) L] Pe(pilue).

For given y,, this is a negative relationship between N; and 8,. This is shown by

totally differentiating the expression above to obtain the following expression for g}%f:

—Xi19(6:) [1 - s p(0)] aVP(#a', Nis1)/ONPr(pilp)
T {e@)VP(u, Nigr) + q(6) [P'(an)(L‘- M) oVP(u,, Nis1)/ 0N} Pr(ps|pe)

Given the signs of p/(8), ¢'(8), and the fact that the value function falls in current
employment, this derivative is negative. This curve can be viewed as a demand for
labour curve in which lower values of § are associated with greater production. For
a two-state example, this relationship is shown as the two negatively sloped curves
in Figure Two where different values of yu; displace the curve. The higher curve
corresponds to a higher value of u given the positive serial correlation entailed by
Assumption 3.8.

A second curve can be used to link N and @ through tke conditions for labour
market adjustment. The law of motion for employment has a fixed point for any
given value of 8. This point, where Ny = N,._,, is defined by:

- _ _pf)
N—a+p(0)'

For higher values of #, N will be higher. This curve is analogous to a labour supply

curve. Even though there is no labour supply decision at the individual level, there is a
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technological supply of matches relationship which works through the search process.

The relationship implied by this curve is shown as the second curve in Figure Two.

- >N
N N, ( 1 L
148

Figure Two: Fluctuations in Levels of Market Tightness and Employment

It is clear from Figure Two how employment and the market tightness variable will
fluctuate as the shocks change. Employment either rises or falls smoothly over time
depending on whether it is above or below the steady stationary point of employment
given u. The market tightness variable will move smoothly with N to stay on the

zero profit line but may also jump either up or down as the shocks variable 4 changes.

4.6 Estimating the Stochastic Search Model

Estimation of this model will focus on the curves in Figure Two and will essentially
try to recover the shapes of the ‘labour demand’ curves. In order to accomplish this,
several restrictions are placed upon the model through the following assumptions:

ASSUMPTION 6.1 There are two aggregate states of the economy, one ‘good’ and
the other bad.
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Clearly, such an assumption about the underlying structure of the economy is
very restrictive. In spite of this (or perhaps because of this), there is a long tradition
of such modelling. Hamilton (1989) considers a two-state model of growth n U.S.
output and relates this to business cycle periods of negative and positive average

growth rates. In any case, the structure of the present model is made more rich by

the following assumption:

ASSUMPTION 6.2 The economy is subject to a regional shock variable which will
favour one region relative to the other. In the estimation, this yields two states: one

in which Alberta is favoured relative to Ontario and one in which the opposite holds.

This assumption attempts to capture the fact that the dominant sectoral shocks of
recent history have been related to natural resource prices. To the extent that Alberta
is a net producer of natural resources while Ontario is a net user, these shocks have
opposite effects in the two provinces. Clearly, there are examples of sectoral shocks
which could affect both provinces in similar ways but these will be labelled aggregate
shocks by the model.

A final assumption is needed to obtain a functional form for the ‘labour demand’

curves:

ASSUMPTION 6.3 The ‘labour demand’ curves for the two sectors are adequately

represented by a linear relationship.

Here it is assumed that departures from linearity are not sufficiently severe to sen-
ously bias the results. This assumption simply makes explicit the implicit assumption
of the bulk of applied econometric work.

Given this assumption, estimation of linear versions of the two downward sloping

curves from Figure Two is possible since the economy is always on one of these two

curves. A pair of curves is estimated for each of Alberta and Ontario. Algebraically,




the model to be estimated is the following:

Bae= a0+ a1S +aaSE+asNag+ean,

80 = Po+ HiS2 + Ba(1 — 57) + BsNos + €ag,
where:

L B N(O, 0’.‘),

. {0, if the aggregate state is bad at ¢,

1, if the aggregate state is good at t;

om { 0, if Alberta is favoured at ¢;
. 1, if Oatario is favoured at .
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Essentially, this is a four-state Markov model defined on the state-space {0,1} x

{0,1} (i.e. the product space of the state-space for the aggregate and regional shock

variables). Corresponding to this is a staie S; defined as foliows:
(1, ifsA =0and s?=0;
2, ifsA=0ands}=1;
3, ifs =1and s?=0;

|4, ifsf =1andsf=1.

Sg=<

This four-state Markov process has a transition matrix P defined as follows:

‘Pii Piz Pia Pu)
P P22 P2z Pu
Pa1 P3a2 Paz Pa
[Pa1 P2 Paz Padl

where p; ; = Pr[S; = s;|5:-1 = s;]. Restrictions on the transition probabilities above

imply that there are only four free parameters in the Markov process. There are the

probabilities of staying in the good or bad aggregate states which are labelled p and

q respectively. The other two ~arameters are the probabilities of remaining in the

state favourable to Alberta (r) or Ontario (s). Given this, it is possible to calculate

the probability of going from a state which is good and favourable to Alberta to one

bad and favourable to Ontario (i.e. p3;) as (1 — p)(1 —r).
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In this specification, the intercepts of the two provincial labour-demand curves
will vary with the state. For example, the intercept for Alberta takes on each of the

following values in the four states respectively:

Qao, ao + ay, ap + a3, ao + ay + aa.

The slopes are assumed to remain constant.

Estimation of the parameters of this model would be quite straightforward if
the realizations of the state variable where observed. In this case estimation would
fall into the class of OLS estimators which allow for regime-dependent means using
dummy variable techniques. Hamilton’s contribution consists of the formulation of
an algorithm for obtaining maximum likelihood estimates of the parameters in this
model based on observed 8; values only. Clearly, the joint likelihood function for the
0, and s, random variables is of little use when the states are unobserved. Hamilton
shows, however, that the marginal likelihood function for the observed data alone can
be calculated and this likelihood allows for identification of all parameters of interest.

The Hamilton algorithm first numerically computes the value of the marginal
likelihood function for the observed data given the parameters of the deterministic
‘labour demand’ curves and the Markov process. Since this likelihood can be com-
puted for any vector of parameters, it can be submitted to a numerical optimization
program 3 to obtain maximum likelihood estimates of the parameter vector. The
method of numerically calculating the likelihood function is somewhat involved and
is usefully described in the following steps.

Denoting the entire provincial parameter vectors by a and S, the sample marginal

log-likelihood function that is to be maximiced is:

lOg f(oﬁ.Ts aO,Ta oA.T—lyao.T-h ceey aA,h 00,1'0’ ﬂv oap,00,p,4,7, ‘,)

3 Hamilton uses GQOPT with the Davidson-Fletcher-Powell option and this same choice is used
here.
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Under the assumption of independent observations over time, the contribution for

each time period is:

log f(pA.h 00.l|aa ﬁ1 CAy00,P,4,T, 3)-

To calculate the individual contributions to the likelihood an iterative technique is
applied. To start up the iterative calculation, an initial estimate of the state at
time zero is needed. Two ways of obtaining this are available. First, it is possible
to assume that the stationary distribution of the Markov process has been achieved
at time zero. This is equivalent to stating that the initial state of the economy at
the beginning of time is unknown but irrelevant because, by time zero, repeated
application of the ergodic Markov process has removed the memory from the state
vector. Secondly, the value of the state could be estimated as an additional parameter.
This would require the estimation of four additional parameters and an attendant
increase in computation time. Thus far, authors applying the Hamilton algorithm
have not estimated the start-up probabilities although in the current application,
where recovering information about the state variable is of some interest, this would
seem to be potentially more useful. In practice, estimating the initial state seemed
not to matter much in estimation of a simplified version of the model so that results
are presented using the established procedure of starting with long-run probability

distributions.

For all periods but the very first, the calculation of the period contribution to
the sample likelihood follows the four steps below. For the first period, the first step
is skipped because P1[S; = s,|6p] is undefined and the unconditional distribution
Pr[S; = s;] described above is used in its place. After time t = 1, the calculation

proceeds as follows:

(1) Given the distribution over states at time ¢ — 1 conditional on observed data
through ¢ — 1, apply the traansition probabilities to get the distribution at time
t. Letting 6, = (04,,00,) and denoting the first observed @ value by 6y, this
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distribution is defined by:

PI[S: = st'al-h Ot—h ey 00] =

4
Z Pf[5¢ = 8¢|S¢-1 = 3:-1]?1’[53-1 = 31 |0t-—h0c—2, e ,oo]~

ey =1
In all but the first period, the probability Pt[S;_; = $;-1|0;-1,0:-3,. - ., 8] will be
obtained from step (v) at the previous pass through the algorithm.

(i1) Use the distribution in (i) above and the conditional distribution of 6; given the
state to calculate the joint pdf of the current 8, and the unobserved state.

Note that under the assumptions of normality and zero correlation between €4 and

€~ 4, the conditional pdf of (84,,00, given the current state is:

f(aA,h 00,¢|3;4,3:!s a, ﬂv UAaUO) =

1 (04,. —ap— a8} —asf - a;,N,“)z
exp — 5
204

+ (9o.¢ —Po—Brsf = Ba(1 — sf) - ﬂsNao)Q]_
20

(11i) The joint distribution for §; and s, is then obtained from the probability function
calculated in (i) and the pdf in (ii).

(iv) The marginal likelihood to be estimated is obtained by summing over all proba-
bilities for the unobserved state variable in the joint pdf from (iii) above. This
depends on the parameters of the conditional distribution of 6, given the state
and the Markov transition process through step (i). Accordingly, maximization
of this pdf value with respect to the parameters will yield maximum likelihood
estimates of the parameters of interest.

For the next iteration, an updated estimate of the distribution over states is needed.

The next step provides this:

(v) The pdf of the unobserved state variable given the sequence of 8 values through

to time ¢ is obtained from:

0, S = 8¢)6-1,60;-2,...,0
Pf[51=3c|0n9:-1,--w9o]=f(' = oulfi-1, s 0)-

f(ollol-l ] 0!—2’ 20y 00)
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This follows because the joint distribution of §; and S; is the product of the two
marginal distributions (where all three of these distributions are conditional on the
data observed through period t).

This iterative procedure will compute the value of the log-likelihood function for
any given set of values for the parameter vector. This can be used by a program such
as GQOPT which wili optimize by evaluating the function to calculate numerical

denivatives.
4.7 Estimation P-sults

The Markov switching regression model was applied to market tightness data for
Alberta and Oatario. These data are shown in Figure Three. Logarithms of the data
were taken to convert a series on [0, 00) into one which can take values on the interval
(—00,00). This avoids restrictions on the process caused by non-negativity. Results
of the exercise are first presented in two tables which give the parameter estimates for
the deterministic part of the regression and the parameters of the Markov processes.
The regression function actually estimated for the deterministic part of the model

was:
04, = oo + exp(ay )S,‘ + exp(ag)S,R —az*azNy,,

604 = Bo + exp(B1)S{ + exp(Ba)(1 — Sf) — Ba * BaNo,s-
Here several non-negativity restrictions are imposed on the model in order to identify
sectoral and aggregate shocks. In addition, an over-identifying assumption implied by
the model is imposed by restricting the coefficients on employment to be non-positive.
Estimates for the unrestricted case are also reported but the analysis focusses on the
restricted version of the model because this assumption it critical to the theory. It
is worth noting that the employment level data have a secular trend, as Figure Four

reveals. In future work some attempt to remove this trend may be useful. -
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Table One: Estimation of the Deterministic Equations

Restricted N  Unrestricted N

Parameter Estimates for Alberta

(27 -263 -1.28
(0.17) (0.04)

ay 0.42 0.17
(0.04) (0.03)

a -30.34 -2.17
(2x10°) (0.50)

a3 -0.02 -1.6x1073
(0.003) (7.4x10°%)

o4 0.44 0.38
(0.0246) (0.02)

Parameter Estimates for Ontario

Bo -3.37 -4.03
(0.04) (0.13)

B -0.26 -0.30
(0.05) (0.05)

B2 -0.22 -0.04
(0.04) (0.04)

B3 0.00 1.7x10~*
(0.002) (3.2x107%)

oo 0.26 0.25
(0.01) (0.01)

LLF 291.2 344.7

(Estimated Standard errors are in parentheses below parameter estimates)
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Table Two: Implied Intercepts Expressed in Levels
(Restricted Model)

Alberta Ontario

Bad and Alta. 0.070 0.034
Bad and Ont. 0.070 0.077
Good and Alta. 0.330 0.074
Good and Ont. 0.330 0.165

Table Three: Estimation of the Markov Persistence Parameters

Restricted Unrestricted

Parameter Estimates for the Aggregate Shocks

Pr(bad | bad) 0.981 0.977
Piygood | good) 0.996 0.990

Parameter Estimates for the Sectoral Shocks

Pr(Alt. | Alt) 0.982 0.989
Pr(Ont. | Ont.) 0.986 0.995

Of these results, Table Two summarises best the implica.ions of the estimation.
For Alberta, tae change in the intercept due to sectoral shocks is very small while the
change due to aggregate shocks is striking. In Ontario, on the other hand, aggregate
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and sectoral shocks have had about the same size of effect. The other key finding of
the results is that all shocks are quite persistent. Table Three reveals that the least
persistent state is the bad aggregate state and it is still true that the probability of
staying in this state for thirty-four consecutive months is slightly greater than one
half. In other words, it is most likely that there will be no change in the aggregate
state for almost three years.

A curious feature of these results is that the restriction on the sign of the em-
ployment variable changes the interpreiation of these results. If this restriction is not
imposed, the Ontario slope is positive and significaatly different to zero. As a result,
the sectoral effect increase in Alberta and the impact of the aggregate shock falls. In
Ontario the same occurs. This suggests that the use of the restriction has the effect
of decreasing the apparent relevance of sectoral shocks for changes in recruitment

intensity and thus unemployment duration.

The final step of each iteration of the calculation algorithm is a probability dis-
tribution over the states at time t given data observed through ¢. This can be used as
an indication of the state of the two provincial economies at each period. Graphs of
the probability of being in the good state are provided in Figures Five and Six. The
first graph shows the probabilities of being in each of the four states over the period
1966 to 1975. The second graph continues this from 1976 through 1988. This second

graph is most closely matched to the duration series in Figure One.

The graphs show that over the 1966 to 1975 period almost all changes in the state
were due to regional shocks within the good state. This could reflect the fact that
the main negative aggregate shock was the fall in external demand (mainly from the
United States) following the 1973 oil price shock and this may have had little negative
effect on Alberta. Interestingly, the state is in the favour of Ontario until late in 1974,
having switched from the favour of Alberta in early 1973. This is puzzling given that
world oil prices began to rise in 1973 with the first OPEC shock. This likely reflects
the fact that prices paid to domestic Canadian producers did not rise until after
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1974 due to government “made in Canada” energy pricing policies. It is accordingly
supportive of the model that the state shifts to the favour of Alberta late in 1974.
The shift to the favour of Ontario between 1973 and late 1974 is puzzling but may
reflect the relatively greater sensitivity of Ontario to the stimulative policies of that
period.

Throughout the late 1970’s, a good aggregate shock with Alberta favoured pre-
vailed. This switched to a bad aggregate shock with Alberta favoured after the 1982
recession. By 1985, there was an indication of a bad aggregate state in the favour
of Ontario while, by 1987, the aggregate state wa: good again but in the favour of
Ontario. This timing makes sense given knowledge of events in this period. Qil price
rises througiout the late 1970’s worked in the favour of Alberta. The main negative
shock was the contractionary monetary policy of 1982 which clearly appears in the
data. Falls in oil prices occurred after the recession as drops in world energy demand
and other factors undermined the discipline of the OPEC cartel. This is reflected in
the shift to a state in which Ontario is favoured beginning in 1985.
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Figure Three: Labour Market Tightness in Alberta and Ontario
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Figure Four: Employment Levels in Alberta and Ontario
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While the model above is correct, based on direct application of the model, there

is a potential problem because the theory used to derive the estimating equations
applies to a situation with zero population growth. Accordingly, the counter-factual
assumption that employment does not grow over time is imposed. Figure Four reveals,
however, that this is not the case with the data used in the study. This trend growth
in employment is likely due to growth in the labour force corresponding to population
growth. Such growth is almost certainly linked to increases in demand which work
to shift out the average revenue product function F(N, u) over time due to general
equilibrium effects. It is clear that the employment fluctuations that are pertinent

to the model are higher frequency fluctuations that are not related to population
growth.
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Figure Seven: Employment Rates, Alberta and Ontario

One way to incorporate this factor into the model is to use an employment variable
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that has been divided by the labour force. Under a particular assumption about the
relationship between growth in the labour force and demand for industry output, this
method of de-trending will be exactly correct. In general, use of the employment
rate can be viewed as a first approximation to a correct measure of employment.
Employment rate series were constructed by dividing the level of employment by the

size of the labour force and ihese are shown in Figure Seven above.

Estimation results with the employment rate variable are presentes in Tables
Four , Five and Six. These are analogous to the earlier tables which used the level of
employment. Several features of these tables are worthy of note. First, when employ-
ment is restricted to have a negative effect, the estimated employment coefficients are
essentially zero. The remaining parameters are very similar to those for the restricted
regression with employment in Table One. Similarly, the predicted state of the econ-
omy is almost exactly the same as that for the results with the level of employment

included in the regression that were shown in Figure Five.

If negativitity restrictions are not imposed on the employment rate, the estimates
for the parameters change dramatically. In the unrestricted regression, the fit of
the model is greatly improved due to strong positive effects of the employment rate
variables. Now, it is essentially true that the constant in the regression is zero in
all states. This means that variation in market tightness is all completely derived
from fluctuations in the employment rate. Another manifestation of this is a (slight)
reduced persistence in the Markov processes and the changes observed in the prob-
abilities of being in each of the four states. As Figures Eight and Nine show, there
is now much more uncertainty regarding the state and more switching between the

states.

Clearly, this model is flawed because a fundamental over-identifying restriction
is overwhelmingly rejected given the drop in the likelihood function when a positive
slope is imposed on the employment rate. In response to this, it is useful to reflect and

consider what the source of rejection is since there are many assumptions underlying
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the model. A likely culprit is the fact that the theoretical model estimated here
has a constant job destruction rate since the focus is on changes in unemployment
duration due to sectoral shocks. This does not appear to conform well to observed
facts. The employment rate graphs show that de-trended output frequently jumps
to lower levels and this cannot be due to changes in the matching rate alone because
such an adjustment path would be far more smooth. Instead, it is the job separation
rate which is fluctuating with the state.

In effect, then, the employment rate proxies for the state of the economy and thus
robs the state-dependent means of their effects. This does not mean that the results
with a negativity constraint are invalid, however. This restriction simply identifies
a model in which we seek to explain changes in unemployment through changes
in the matching rate. The result does suggest that a Markov model of the law of
motion for employment may provide better estimates of the underlying state of the
economy. This would be part of an exercise purely designed to look at how sectoral
and aggregate shocks affect employment dynamics and is thus separate from the

current goal of cxamining the relation between unemployment duration and sectoral

shocks.




Table Four:
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a3
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B
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LLF

(Estimated Standard errors are in parentheses below parameter estimates)

Deterministic Equation with the Employment Rate

Restricted N Unrestricted N

Parameter Estimates for Alberta

-3.15 -30.01
(0.05) (0.37)
0.51 -1.00
(0.04) (0.06)
-85.5 -25.5
(12.0) (1.16x10°)
0.25x10~7 29.73
(0.15) (0.39)
0.44 0.14
(0.02) (0.007)

Parameter Estimates for Ontano

-3.33 -25.6
(0.05) (0.62)
-0.32 -1.26
(0.08) (0.08)
-0.20 -0.72
(0.04) (0.07)
0.12x10"7 24.4
(0.33) (0.66)
0.27 0.16
(0.61) (0.008)
286.8 738.6
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Table Five: Implied Intercepts Expressed in Levels
(Restricted Model)

Alberta Ontario

Bad and Alta. 0.043 0.036
Bad and Ont. 0.043 6.081
Good and Alta. v.228 0.074
Good and Ont. 0.228 0.169

Table Six: Estimation of the Markov Persistence Parameters

Restncted Unrestricted

Parameter Estimates for the Aggregate Shocks

Pr(bad | bad) 0.982 0.987
Pr(good | good) 0.996 0.957

Parameter Estimates for the Sectoral Shocks

Pr(Alt. | Alt) 0.982 0.952
Pr(Ont. | Ont.) 0.986 0.953
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4.8 Discussion and Conclusions

Several basic conclusions can be drawn from this work. First, there is some evidence
that shocks to recruitment activity are quite persistent. For example, the probability
of remaining in the good state in Ontario is 0.984. This implies that the forecast
probability of staying in the good state for 43 consecutive months is approximately
0.5. In other words, the odds are that things will not change at all for almost four
years. This can be taken as some justification for the use of perfect foresight analysis
in sectoral shift models.

A second basic conclusion is that sectoral fortunes with regard to recruitment
activity have differed in several important ways. More importantly, these differences
ocurred in the mid to late 1970’s, when resource prices were high, and after 1985, when
resource prices collapsed. In these two periods, the relative positions of Alberta and
Ountario were reversed. Given that Chapter Three of the thesis has established a close
link between recruitment activity and unemplcyment duration, a strong argument
can be made that resource price shocks account for much of the variability observed
in provincial unemployment duration rate series. This said, however, there are signs
that the distinction between regional and aggregate shocks can be hazy since almost
any aggregate shock imaginable has differential regional impacts. This may explain
why the state switched from the favour of Alberta to that of Ontario during 1973 and
part of 1974.

For the Ontario economy, the results suggest that sectoral shocks have an im-
pact on recruitment intensity that is roughly equal to that of aggregate shocks. For
Alberta, the effect of sectoral shocks is quite small unless the slopes of the labour
demand curves are not restricted. Changes in regional fortunes in Ontario could raise
the market tightness variable by 0.043. Evidence on the relationship between market
tightness and hazard rates in Chapter Three suggests that, depending on the ini-
tial level of market tightness, this could change the hazard rate rather substantially.

At an initial level of .02, this implies a rise from a hazard rate of 0.18 to one of
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around 0.25 using monthly data which translates into a change in expected duration
from 4.5 months to 3 months. This effect is quantitatively significant but is lower
for higher initial values of market tightness due to apparent concavity of the market
tightness-recruitment intensity relationship.

Finally, the evidence presented here suggests that the nature of the shocks hitting
the Alberta economy is indeed quite different from that for Ontario. This suggests
that, so long as Canadians are risk averse, there may be gains from trade in state-
contingent coniracts between Albertans and Ontarians. Of course, one way to exploit
these gains is to internalise insurance through the use of a federal system of govern-
ment. Analysis in the Hamilton approach could be used to price insurance for various
provinces so that federal transfers could be placed on a firm economic ground. Of
course, provinces with very similar shocks (perhaps Ontario and Quebec or Nova Sco-
tia and New Brunswick) would gain less from such an incentive to federate. Future

work with other regional data might establish this more precisely.




Chapter Five

Persistent Unemployment, Sectoral
Shocks, and the 1982 Recession

5.1 Introduction

The recession of 1982 was notable largely because of the steep rise in the Canadian
unemployment rate from approximately seven percent iz 1978 to almost thirteen
percent. It has become increasingly clear that this rise ir unemployment was also
marked by a degree of persistence that was unprecedented in post-war business cycles.
By 1987, for example, the national unemployment rate had only fallen to nine percent
but had been fairly constant around a level of seven percent between 1975 and 1981.

As is documented in a recent paper by Milbourne, Purvis and Scoones (1991),
this persistence in Canada contrasts markedly with the experience in the United
Statcs. While the U.S. unemployment rate also rose sharply in 1982, it had fallen
back to its pre-recession level by 1984. This divergence in post-recession unemploy-
ment rate dynamics points to underlying structural differences in the U.S. and Cana-
dian economies. Interestingly, the most obvious candidate, differences in real output
performance, can be ruled out. There is no apparent difference in the behaviour of

aggregate real output between Canada and the U.S. during the recovery period.
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5.2 The Role of Unemployment Insurance

If real output cannot explain differences in unemployment behaviour, economists must
search elsewhere for an explanation for differences in unemployment rate dynamics
between Canada and the United States. A potential explanation is suggested by
Milbourne, Purvis and Scoones (henceforth MPS) which is based upon differences in
unemployment insurance programmes. Beginning in 1977, the Canadian unemploy-
ment insurance system was changed and a new “Regioual Extended Benefits” scheme
was instituted. Under this system, the number of weeks of unemployment insurance
benefits to which a worker was entitled was made a non-decreasing function of the un-
employment rate in the worker’s area. Prior to 1977, regional and national extended
benefits existed. The regional extended benefit allowance was based on a differen-
tial between national and regional unemployment rates as opposed to the absolute
level of the regional rate. The national extended benefits were available whenever the
national rate exceeded four per cent.

Under the post-1977 scheme, sectoral shocks would have little effect on the average
number of extended benefit weeks in Canada as a whole. Increases in weeks of benefits
in bad regions would offset decreases in good ones. With an aggregate shock, however,
unemployment rates would increase everywhere and so the national average benefit
eligibility period would rise. This type of national effect was absent in the U.S. and
consequently the presence of such a policy in Canada has the potential to explain
differences in unemployment dynamics, both relative to the past and relative to the
U.S..

Empirical work with micro-data such as Ham and Rea (1987) has supported
the theoretical prediction that, ceteris paribus, when benefit eligibility periods are
increased, reservation wages rise and unemployment spells become longer on average.
If benefit eligibility periods increased throughout Canada, then search times would
be expected to increase everywhere, thereby making unemployment more persistent.
MPS present empirical results which support their contention that the unemployment
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insurance scheme is responsible for making the unemployment rate more persistent.
The heart of the MPS analysis is a regression of the national unemployment
rate on (i) a lagged dependent variable, (ii) a monthly real gdp measure,and (iii)
contemporaneous and lagged indicators of the number of benefit weeks available to
a minimally qualified v-. -mployment insurance claimant. The net effect of these last
two variables is shown to have had a significant impact on the degree of persistence of
the unemployment rate. This latter fact is established through the use of a counte.
factual simulation of the unemployment rate with unemployment benefits determined
according to the pre-1977 regime. This analysis apparently shows that unemployment
dynamics are far more history-dependent under the post-1978 system.

5.3 Some Doubts Concerning this Explanation

A curious anomaly which is problematic for the MPS explanation is the divergent be-
haviour of unemployment rates in different regions of Canada. Roughly, the provinces
can be divided into two groups. The first includes Ontario, and the Atlantic provinces
and is distinguished by a fairly rapid decline in the unemployment rate following the
recession. The second group comprises the Prairie provinces and British Columbia as
well as Quebec. For this latter group, there has been little tendency for the unemploy-
ment rate to fall until very recently. The divergence between these two groups casts in
doubt an explanation for persistence based on a policy administered uniformly across
the country.

To further illustrate the point, consider the unemployment rate and unemploy-
ment duration series in Figures One and Two which display data for Alberta (solid
lines) and Ontario (broken Lines). These provinces well represent the two groups into
which Canadian provinces can be divided. First, note that the unemployment rate for
Ontario fell consistently beginning in 1983 and indeed dropped quite sharply during
1983. The rate for Alberta, in contrast, is quite constant through 1983 and 1984 and
only drops slightly in 1985 before remaining flat again until 1987.

These differences are also apparent in data on the average duration of unemploy-
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ment. This series is important because unemployment insurance is often thought to
affect the unemployment rate through its impact on the length of search spells. It
is evident that the Regional Extended Benefits program had different effects on un-
employment duration in these two provinces, if, indeed, it had any effect at all. The
series in Ontario falls steadily after 1982 while unemployment duration remains high
throughout the 1980’s in Alberta.

These stylized facts bring to mind an alternate explanation for some of the per-
sistence in the unemployment rate. This explanatioa comes from a search paradigm
which explains variations in offer arrival rates as well as offer rejection probabilities.
Figure Three shows a measure of labour market tightness - the ratio of job vacancies
to searching workers — for Ontario and Alberta. This variable shows a strong rise
in Ontario during the period of recovery to the 1982 recession. Indeed, the vari-
able reaches a higher level than that prevailing before the recession. On the other
hand, such a rebound is totally absent in Alberta. The analysis of Chapter Two of
this thesis demonstrates that this pattern is consistent with differential offer arrival
probabilities in the face of negative shocks to resource and agricultural prices. The
competing explanation of MPS is that the maximum weeks of benefits series shown
in Figure Four explain the change in the unemployment rate.

The argument advanced in this chapter is that some of the measured increase in
persistence in aggregate unemployment may be due to persistent shocks impacting
upon the resource-oriented areas of Canada. The aggregate effect does not even
out because there is less of a positive effect on offer probabilities in eastern Canada
than there is a negative effect in the West. This chapter will examine this issue by
attributing unemployment rate fluctuations to changes in offer arrival rates and offer
acceptance rates. The former reflects changes in recruitment intensity by firms while
the latter could be due to changes in reservation wages induced by unemployment

insurance.
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5.4 An Empirical Account of Unemployment
Rate Persistence

It is clear from the preceding analysis that disaggregation of Alberta and Ontario
should be useful. This will be done here to assess the impact of regional extended
benefits on the unemployment rate in Alberta and Ontario. To this end, the following

reduced-form regression is useful:
URit = a+ BURiy—1 + nNB;; + 72NB;y_y + O[HWI; ,[U;,_,] + €iy.

This equation is closely related to the one used by MPS to test their theory. The
dependent variable is the unemployment rate in province i. A lagged value is in-
cluded to account for natural dynamics. The current and once-lagge.l values of the
supplemental benefits variable, N B, are included to allow UIC policy to affect unem-
ployment dynamics'. The market tightness measure is included here while MPS use
a measure of monthly GDP to capture variations in economic activity. The market
tightness measure seems to be preferable because it directly measures conditions in
the provincial labour markets. The denominator of the tightness variable is lagged
by one month to avoid possible simultaneity problems?. Finally, all variabies were
adjusted for seasonal variation by Statistics Canada.

The regression above was estimated for Ontario and Alberta over the June 1978
to March 1988 sample period used by Milbourne, Purvis and Scoones to create their

Table 2. The regression above is an “encompassing” 1a0del in that it allows for offer

1 The number of weeks of total benefits is calculated from the formula:
NB = N + max{0, min[32,4(0 - 4)]}

whete ' = (URy—y + URy_3 + UR;.3)/3. Technically, this is the number of benefit weeks for a
minimally qualified unemployment insurance recipient. In the regression, NV is not specified because
it is absorbed into the regression constant a.

2 The theory developed by Storer(1991) implies that the market tightness ratio HW I /U should
respond only to the exogenous shocks. This relies upon an assumption of free entry to the posting
of vacancies and constant returns to scale in the matching technology. In any case, the lagged value
of the unemployment rate is used to avoid problems.
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arrival, job rejection, and quit effects. Two restricted versions of this model are nested
within this general specification. The first, with the restriction v, = 2 = 0, is a pure
offer arrival rate model. The second model only considers unemployment benefit
effects and results when the restriction 8 = 0 is imposed. These two restrictions were
tested for the two regressions. The regression results are presented in Table One.

These regression results show that the market tightness variable has a significant
effect in both Alberta and Ontario. Only in Ontario, on the other hand, does the
unemployment insurance variable show statistical significance. This means that the
significant persistence observed in Alberta is largely due to offer arrival rate effects
which can be linked to long-term resource price shocks. It is interesting to note
the results in Table Two. Here the market tightness variable is removed from the
long-sample regressions. In both provinces this raises the coefficient on the lagged
unemployment rate. In Alberta, this increase is so large that the series appears to be
non-stationary when the market tightness variable is ignored. It is worth stressing
that this non-stationarity occurs in spite of the presence of the Regional Extended
Benefits variable. While the Ontario regressions show that there is an unemployment
insurance policy effect, the economic relevance of this is diminished by the fact that
the Ontario unemployment rat= does not display ‘undue’ persistence relative the the
experience in the United States.

Finally, it is useful to obtain some measure of the quantitative significance of the
two sets of variables. This is accomplished in Figures Five and Six which simulate
the values of the provincial unemployment rate with either the market tightness or
the benefit weeks series constrained to be at its sample mean. The first panel looks
at Alberta and shows that holding the number of benefit weeks fixed moves the series
further away from the actual than holding market tightness constant does. Note,
however, that the effect on persistence is not strong. In Ontario, a similar pattern
emerges. Here it is clear, too, that the benefit weeks series is more quantitatively

important, even though it was judged to be less important on statistical grounds.
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Table One: Encompassing Model Regression Results

Alberta Ontario
o 1.63 2.59
(0.89) (0.95)
B 0.84 0.50
(0.18) (0.27)
" 0.02 0.31
(0.09) (0.11)
07 -0.02 -0.20
(0.05) (0.07)
] -0.48 -0.88
(0.14) (0.26)
R? 0.983 0.963
DwW 1.81 2.21

x? Test Statistics for Restrictions

Ho:'h =7 = 0 0.22 11.12
P-value (0.90) (0.004)
H,:0=0 11.00 5.64
P-value (0.001) (0.02)

Table Two: Regressions with § = 0

Alberta Ontarnio
a . -0.59 1.75
(0.61) (0.90)
B 1.18 0.58
(0.16) (0.22)
T -0.07 0.30
(0.09) (0.12)
T2 0.02 -0.20
(0.06) (0.07)
R? 0.980 0.960
DW 1.88 2.22

Note: Standard errors are in parentheses below parameter estimates.
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5.5 The Information in Gross Employment Flows

To this point, the results of this chapter are unclear. The regressions suggest that
market tightness account: for more persistence but benefit weeks are quantitatively
more important. To resolve this situation, it is useful to look at gross flows between
labour market states for Alberta and Ontario. This is necessary to identify whether
there have been differences in gross labour market flows for the two different areas. In
particular, it is important to know whether the greater apparent degree of persistence
in Alberta represents a steady flow into employment along with high fiows out of
employment or just slow rates of flow out of unemployment. It is then interesting to
compare this with the experience in Ontario.

Figures Seven and Eight below show hazard rates calculated for the monthly flow
froin employment to unemployment and unemployment to employment for Alberta

and Ontario. Hazard rates are calculated using the following formula:

HAZtEU — EUEM+1; .HAZFE - UEL:[.H»I’
t t

where:
HAZFY is the average probability of going from employment at time ¢ to unem-
ployment at time ¢ + 1.
HAZV® is the average probability of going from unemployment at time ¢ to em-
ployment at time ¢ + 1.
EU,; 44, is the total flow between employment at time ¢ and unemployment at
time t + 1.
UE;;,; is the total flow between unemployment at time ¢ and employment at
time £ + 1.
E; is the total stock of employment at time ¢.
U, is the total stock of unemployment at time £.

Monthly total flow data are estimates of labour force grows flows calculated by Statis-

tics Canada using Labour Force Survey data. These estimates are available monthly
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from January 1976 until the present. There are two gaps in the data caused by inter-
ruptions to the data collection process at Statistics Canada. The calculated hazard
rates are adjusted for seasonality (the raw data are highly seasonal) by estimating
seasonal factors for 1976 to 1983 and applying these factors to the entire series. This
method of adjustment is necessitated by the two gaps in the series.

Several interesting patterns emerge from these graphs. First, i1 is clear that since
1982 Alberta has suffered a persistent increase in the rate of low out of emplo- nt
and a decrease in the rate of flow into employment. In Ontario, the effect on these
two series has been quite short-lived. The flow out of unemployment rose in 1982 but
this rate was back at its previous level by 1984. A mirror image of this is presented
by flow into employment which briefly fell but then rose back again.

Given these graphs it is clear that the dynamics of job creation and job destruction
were quite different in these two provinces. Alberta seems to have suffered from pes-
mazent unfavorable shifts in these two series. Ontario, on the other hand, recovered
very quickly from the shock of the recession. One way of interpreting these results
1s suggested by the effects of the oil price collapse that followed the 1982 recession.
Weak world demand for energy during the recession lowered real oil prices following
the 1982 recession aud this may br thought of as a secondary wave of shocks fron the
recession. Alberta and Ontario are affected quite differently by such shocks. Alberta,
as an oil producer, suffers when oil prices fall while the Ontario economy, which gives
much more weight to manufacturing and the automobile industry, benefits from a fall

in the price of oil.
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5.6 Determinants of Labour Market
Transition Rates

The previous section revealed differences between the dynamics of labour-market
hazard rates in Alberta and Ontario. Accordingly, instead of using the unemployment
rate as the dependent variable in the regressions, it is useful to look at the direct
linkages between benefii weeks, market tightness, and hazard rates for the flow from
unemployment to employment and vice versa. The MPS model focusses on two routes
by which an increase in benefit weeks can affect the unemployment rate: increase in
unemployment due to a decline in transition probabilities (as documented by Ham
and Rea) or flows into unemployment from those previously out of the labour force.
The strength of this first . flect can be examined directly using labour force gross
flows data. A second possibility (mentioned by MPS in a footnote) is that flows from
employment to unemployment might increase . This latter channel exists only when
a waiting period is in place and there is no indication of whether currently observed
waiting periods are long enough to matter.

It is clear that the hazard rate series shown in Figures Seven and Eight display
patterns that are in reasonable accord with changes to the benefit week series. The
rate of flow from unemployment to employment fell in both provinces in 1981-82
while the flow out of employment rose. This general impression is summarized by the
top parts of the regression results in Tables Three and Four wluch explain the two
hazard rates as functions of benefit weeks alone. Table Three looks at flows between
unemployment and employment while Table Four looks at the reverse flow®. The
net effect of benefit weeks is to lower escape rates from unemployment and raise job
destruction rates in both provinces. It is important to further note, however, that
the low Durbin-Watson statistics in these equations is suggestive of misspecification.

When these equations are modified by the inclusion of variables suggested by a

3 Thes: regressions were estimated over the period June 1978 - August 1984 plus March 1985 -
December 1988. The gap in the sample is due to a hole in the gross flows series
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matching function model the results change in a rather striking manner. In both

provinces, the help-wanted index enters with a positive sign and the lagged unem-

ployment rate enters with a negative sign. This is in accord with theoretical priors.

The coefficients on the benefit weeks variables are perversely affected by the inclu-
sion of market tightness variables, however. In the equations for the hazard rate into
employment, benefit weeks have a net positive effect when market tightness variables
are included in both Alberta and Ontario. Similarly, the flow out of employment is
decreased by the benefits week series after controlling for recruitment activity vana-
tion.

These results suggest that the benefits weeks series may actually be proxying for
recruitment and layoff effects in the regressions without market tightness variables.
It may be that sectoral and aggregate shocks affect hiring and firing decisions first,
that these ther change employment levels, and that shortly afterward the benefit
weeks series responds. An objective test of the timing in this story can be obtained
by Granger causality tests in which vector auto-regressions of the following form are

estimated:

HAZ = a + A(L)HAZ + B(L)NB,
NB =+ C(L)HAZ + D(L)NB.
Here A(L), B(L),C(L) and D(L) are fourth-order polynomialsin the lag operator and
a and B are constants. The variable HAZ is either the employment to unemployment
or unemployment to employment hazard rate. In other wozds, each vanable in the
vector autoregression is allowed to depend on its first four own lagged values and four
lagged values of the other variable.

A variable z is said to be Granger caused by another variable y if lagged values
of y provide information about the current value of z above that provided by lagged
values of z itself. The idea is to test the null hypothesis that, for example, the
employment to unemployment hazard is not Granges-caused by benefits weeks by
testing the restriction that all the coefficients in D(L) are zero. When these tests

were applied, it was possible for both provinces to reject the null hypotheses that
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the benefits weeks are not Granger-caused by the two hazard rate series. On the
other hand, for Ontario and Alberta it was impossible to reject the nulls that benefits
weeks are not Granger-caused by either hazard rate. While it is always necessary to
emphasise that Granger causality is not the same as structural causality, the timing
revealed by these tests is consistent with a causal relationship form hazard rates to

benefit weeks in preference to the reverse.




Table Three: Unemployment to Employment Hazard

a.) Regressions without Market Tightness Variables

Constant
NB
NB(-1)

R?
DW

Constant

NB

NB(-1)

HWI

U(-1)

Rz
DW

Alberta

4.15x10"!
(5.88x1073)

-1.76x1072
(3.62x10°3)

9.56x10~3
(3.61x10°3)

0.835
1.30

Alberta

4.70x10™!
(3.49x107?)

2.51x1072
(5.68x107?)

-1.36x10-2
(3.81x10°2)

1.67x1073
(2.7x1074)

-4.75x1073
(6.68x1074)

0.901
2.14

Ontario

2.90x10!
(5.54x1073)

-9.43x10°3
(2.91x10°%)

5.70x1073
(2.93x10°3%)

0.503
1.80

b.) Regressions with Market Tightness Variables

Ontano

3.36x10™!
(2.70x10°2)

3.41x10°3
(5.67x1073)

-6.20x10°
(3.62x10°%)

2.97x107*
(1.2x1074)

-5.07x10~
(2.00x10°4)

0.515

1.97
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Table Four: Employment to Unemployment Hazard

a.) Regressions without Market Tightness Variables

Alberta Ontario
Constant 1.29x10°2 1.25x10~2
(4.01x10-*) (4.24x1074)
NB 9.11x10* 1.78x1073
(4.01x107¢) (2.22x107%)
NB(-1) -6.43x10~* -1.57x10-4
(2.47x10°¢) (2.24x1074)
R? 0.557 0.502
DW 1.31 1.36

b.) Regressions with Market Tightness Variables

Alberta Ontario
Constant 1.19x10-2 1.40x10°2
(2.84x1073) (1.97x1073)
NB -8.36x10~* 9.60x10~4
(4.63x1074) (4.15x1074)
NB(-1) 3.22x10-* -1.19x10-3
(3.11x1074) (2.65x1071)
HWI -7.90x10-% -3.45x10~%
(2.17x107%) (9.10x10-%)
U(-1) 1.84x10~* 2.33x10-%
(5.44x10%) (1.47x10°%)
R? 0.621 0.562
DW 1.53 1.62

163



164
5.7 Conclusions

To summarize the results of this chapter, there is evidence that some regions of
Canada experienced persistently high unemployment rates due to labour market tight-
ness effects. These can be linked to resource price shocks. While there is evidence
that uuemployment rate policy has had an impact on unemployment rate dynamics,
this does not seem to matter in the regions were persistence was most marked.

To conclude, there is strong evidence that shocks to certain regions of Canada have
been persistent in nature and have had negative effects on the level of unemployment
in Canada. Considering the lesser extent to which the United States is exposed to
res.,urce price shocks, it is no surprise that the unemployment rate has fallen more
slowly in Canada. Note that Chapter Four of this thesis found that sectoral shocks
between Ontario and Alberta are quite persistent; furthermore, the shock was in the
favour of Ontario during much of the post-1982 recovery period. This lends credence

to the belief that unfavorable shocks, rather than government policy account, for the

persistence of the Canadian unemployment rate.




Appendix to Chapter One

Availability and Disposition of Data
Help Wanted Index: The old Help Wanted Index is available monthly from 1962 to
1988, inclusive. For data which are not adjusted for seasonal variation, it is necessary
to consult the 1988 issue of Statistics Canada Publication 71-204. Data adjusted for
seasonal variation are also available on CANSIM under the following identification

pumbers:

Atlantic Provinces D736316
Quebec D736317
Ontario D736318
Prairie Provinces D736319
British Columbia D736320

Vacancy Survey (1972-78): Available in Statistics Canada Publication 71-203.

Canada Employment Centre Data: Currently only in hardcopy form on microfiche

at the regional centre in Belleville.
Contact person: Mr. Dan Brady, MIS office, Belleville.

Unemployment Duration Data (as derived from the Labour Force Survey): Avail-
able in Statistics Canada Publication 71-00:. Also available on CANSIM in unad-
justed form under the following identification numbers:

Newfoundland D773278

P.EL D773279
Nova Scotia D773280
New Brunswick D773281
Quebec D773282
Ontario D773283
Maaitoba D773284
Saskatchewan D773285
Alberta D773286

British Columbia  D773287

Labour Market Activity Survey. Available on tape from Statistics Canada.
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Appendix to Chapter 2

Proposition 1: There is a unique steady-state equilibrium in the single-sector search
model with permanent shocks.

Proof: To formally establish existence and uniqueness, recall the implicit func-
tions of @ in terms of N which were earlier depicted in Figure One:

pé) , _
s+ p(0) L=n

ad (1-81-s) 1

Yy(1-8(1-s

O="Fa-n Fom

Define 84(N) to be the value of # which, for given N, satisfies the first equation.
Similarly, let #2(N') be the value for the second relationship between employment and
market tightness. The two functions 84(N) and §%(N) are continuous and defined
over the domain 0 < N < (1/(1 + s)L.

Next, define the difference function D(N) = 84(N) — 6B(N). 1t is possible to
establish that limy_.o D(N) = ~oo and imy_z/14,) D(N) = co. Continuity of the
function D(N) means that the intermediate value function can be invoked to prove
that there exists a value of N such that 84(N) = 8%(N). This point is unique because
the slopes determined above are never zero.

To establish that limy_o D(N) = —oo, notice that limy_o64(N) = 0 because
the steady state employment only approaches zero in the limit, by Assumption 2.5.
On the other hand, limy_.o#2(N) = oo because limy_.o F(N) = co by Assumption
2.2. This means that limy_o ¢(#) = 0 which occurs for # = co by assumption 2.6.

A similar analysis shows that imy_ 1144 D(/V) = co. First, note that:

lim 60*4(N) = oo
N—L/(14s)

because Assumption 2.5 states that p(d) < 1 for all § < . On the other hand,

0< lim 6%(N)<oo
N—L/(1+8)

by Assumption 2.6 and the fact that 0 < ﬂ'ﬁ—?‘:’,—;—‘-ﬂr—w’—ﬁ < 1 in order for profits to
be zero.

Proposition 2: There is a steady-state equilibrium allocation of labour in this two-
sector search model. Moreover, this equilibrium is unique.
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Proof: To establish this proposition, it is easiest to examine two separate single-
sector economies. This is a valid exercise since in the steady state of the two sector
economy the labour force is constant in each sector. Consequently, an equilibrium
exists if it is possible to find two single-sector economies with labour forces L, and L,
such that (** the economies are in single sector steady state, (ii) there is no incentive
to migrate, and (ii) L, + L; = L.

The sense of this proof will be to show that if either sector gets almost all of the
total labour force, then 8 is very high in that sector and F(u, N) is very low so that
the expected discounted return to searching in that sector would be very high. The
converse would. of course, be true in the other sector. In other words, there exists
values of L; and L; such that migration is desirable in either direction. Continuity
of the reward functions in the labour force then implies that there will be an interior
allocation of the labour force where the sectoral returns to searching are equalised.

Consider firs. single-sector steady states with arbitrary labour forces L, and L,.
For any value of the sectoral labour force there are corresponding steady-state val-
ues of employment and market tightness which are appropriate for a single-sector
economy. The effect of varying the labour force on this equilibriura manifests itself in
Figure One as a shift in the vertical asymptote of the “labour supply” curve. Lowering
the labour force moves the asymptote to the left while raising L shifts the asymptote
out to the right. As the asymptote moves toward the origin emplcyment approaches
zero so that the value of production gets very large due to assumption 2.2. Zero
profits for vacancies then implies that market tightness becomes very high by virtue
of assumption 2.6 regarding the shape of ¢(#). Conversely, as the asymptote moves
away from the origin the point of intersection with the “labour demand” curve will
be further to the right which implies a higher employment level and a lower level of
market tightness. Summarising this:

If L,—0 then N; —0 sothat 6, — co.

Conversely,if L, — L then N — Nt sothat 6; — 0~ < oo.
Next, consider the equality which must hold for migration to not occur:
(r+ 8)b+ 1 (B)EF(N1, 1) _ (r +8)b+ pa(02)kF(Ny, ia)
r+ (0 + 8 r+pll) s

This condition states that the values of remaining forever in each of the two
sectors must be equalised if this type of immobility is to be optimal. It is useful to
define this constant value for a given sector as:




v = (r+9)b+ piBi)kF(N, i)
) r+p(6)+s

Now, 0 < pi(6;) < 1 so that as L; varies between 0 and L, p;(4;) ranges from one

to some value less than one. Given this and Assumption 2.2, it is true that for any

combination (g;, #;):

VW<V as Lol
and:
‘—’;U>f,_’-[] as L,—OL

Thus defining a function which measures departures from equality of values of
searching in a sector:

D(L;, L;) := V(L) — VP (Ly),
itis clear that lim;, .5, D(L,, L;) > limg,_o D(L;, L;). The intermediate value theorem
can be applied here because D(L;,L;) is a continuous function so that there is a
value of L; (i.e. a partition of the labour force between sectors) such that there ic no

difference in search values. Finally, note that D(L;, L,) is strictly decreasing in L, so
that this steady state equilibrium is unique.

Proposition 3: In a single sector economy with no migration the value of a producing
firm , VP(N, u) is falling in employment (N).

Proof: The proof proceeds by noting that the system of equations for VF and V¢
the rule ©(N, i) define an operator T which is a contraction mapping. Completeness
of the metric space on which T opr . .tes is then invoked to argue that there is a unique
fixed point to the operator and that iterations of Tg from any arbitrary starting vector
will converge to this unique fixed point.

To establish this argument, note that T is a mapping from C > C to itself. For this
space, the usual metric is the sup norm metric defined by p(X,?") = sup|X ~Y| Under
this definition, it can be shown that (using the short hand notation: z = (N, u)):

TeVF(z) = (1 - k)F(z) + ﬂi(l - s)VP(2")Pr(2')2).
=1

Given this,

p[TeXP(2), TeY*(2)] = B(1 - .q)s.:p{|§"‘1 (XP(z) - Y*(2") F‘r(z'lz)'}.
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while:
p[X7(2), Y7(2)] = sup |XP(2) — YPL2)).

It follows immediately then that
p[TeX"(2), TeY " (2)] < B [XP(2),Y"(2)] .

where 8 < 1. By definition, the operator Tg is a contraction mapping.

Next, since C and the supnorm metric is a2 complete metric space, the contraction
mapping theorem can be invoked to show that (i) there is a unique fixed point to the
operator Tg, and (ii) for any arbitrary vector (X7), repeated application of Te will
converge toward the fixed poiut. This is usefu! because it means that starting with
a VP function that meets tlic sign ~ssumptions of ihe proposition does not prevent
iterations of Tg from convesging to the fixed point, regardless of the correctness of
the original assumptions.

First it will be shown that:

i) The value of producing, VF(N, i), decreases with the level of employment, N.
To sbow this it is necessary to consider, in turn, two exhaustive cases which may hold
at each poiut (N, ) in the domain of the value function.

Case a: When N rises N’ falls.
To see aow this could occur, consider the law of motion for employment in this

economy:

Nipy = (1= 8)Ne + p(O(N, pe)) (L — Ny). (A-1)

Now, if an increase in N, is to lower Ny,;it must be true that at least one of s +
AMNi, pe) > 1 or 0O(Ny, pe}/ONy < 0 holds. The first condition will not hold for a
period of analysi: that is sufficiently short and it is always possib!z to choos. the
basic unit of time accordingly.

To see when the second condition holds, consider that the zero-profit condition
implies that the followiag expression equals zero:

Bq(6) Z} VP((1 — s — p(8.Y)Ne + p(6:) L, i) Pe(psilse)- (A-2)
Given the signs of p(8) and ¢(3) it ie clear that this will only occur if VP(N, ) is
cacreasing in /V. In this case, the proposition is proved trivially.
Case b: When N rises N' rises.
I, this case it is ot possible to put restrictions of the relationship between O(N, 1)
and N. Iustead, it is uccessary to examine the value function directly. Writing this



out in detail gives:
ToVP(Neyue) = (1 - k)F(Ne, po)

+ B3 (1= )VFP[(L = )Ny + O(Ny, ue)(L = No), ] Pr(p|e)-

i=1 (A.3)
In the ~2se at hand, N4, rises with N, regardless of the effect of N, on O(N,, u,).
It is thus possible to sign VP(N,u) by starting with an initial guess for VF(N, y)
which is decreasing in N. Applying the operator Tg to this yields a function which
is also decreasing in N because F'N, ) is decreasing in N and the second term in
(A-2) is decreasing in N by assumption. Repeated applicaiions of Te wili also yield
functions decreasing in N and so the limit of this procedure, the fixed point of Te,
will be VP(N, ) and it will be non-increasing in N. This argument holds for any
arbitrary point in the domain of the value function and thus holds for all of them.

| ]
Proposition 4: As a results of migration dunug the adjustment period, employment

falls in sector two and rises in sector one.
Proof: For sector two, note that the law of motion is:

ANy = pa(020-1)UL_y ~8Nper Y L€ (1, T).

Initially, before ¢, this expression is zero by the definition of a steady state. Once
adjustment begins, the left-hand-side falls because migration shrinks U}. This means
that AN, < 0 after ¢y. As employment falls, the rate of outflow from employment,
8N, falls while 8, rises during the adjustmen: period. This means that the net change
in employment is negative during the adjustment | >riod but becomes progressively
smaller in absolute value.

The law of motion for sector one employment is:

-’3N1,: = Pl(ol,l—l)Nl.l—l - 3N1,t- .

As for sector two, this expression is initially zero. At time 2y + 1, however, the
expression becomes positiv~ because 8, rises at ¢y and U/ rises at t; due to migration.
Thus, employment rises through the adjustment period in sector one.
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Appendix to Chapter Three

Appendix A: Data Definitions and Sources

1. Time Series Observations of Hazard Rates

Source: Statistics Canada.

Sea‘ -~ -1 Adjustment: Not adjusted for seasonal variation by Statistics Canada.
Data used for analysis in the paper were seasonally adjusted with the X-11 adjustment
routine in MicroTSP. Seasonal adjustment was applied to the constructed hazard
series rather than to the two original series separately. Due to the existence of gaps
in the series, seasonal factors were first calculated for the longest contiguous series of
obsvrvations and then used to adjust the entire series.

Two series were used to calculate the hazard rate:

The estimated ow from unemployment to employment from month ¢ and month
t+ 1 (UE141).

Tle estimated stock of unemployed at time t (U).

From these, the hazard rates were calculated as:

UE 4.

HAZg -

Flows and stocks usec. were for all ages groups and for both men and women.
It is worth noting that for the three provinces studied here these data are available
broken down by sex and for workers in the two age groups 15 to 24 years and 25 years
or over.

2. Time Series Vacancy Measures
Source: Statistics Canada.

Series Title: Help Wanted Index (“old” index), Monthly.
Seasonal Adjustment: Not adjusted for seasonal variation.

Data were transcribed from Tables 9, 10, and 12 of Statistics Canada publication
71-204.

Units were associated with these HWI series by using the numbers of total vacan-
cies (i.e long and short term, for full and part-time jobs) indicated by the Vacancy
Series data. The new series has the same monthly growth rates as the HWI eries but
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has a multiplicative level adjustment so that the average level of the adjusted W]
series for 1977 is the same as that for the actual Vacarcy Survey.

3. Time Series Unemployment Measures

Source: Statistics Canada.

Series Title: Unemployed, 15 years and over (in thousands).
Seasonal Adjustment: Not adjusted for seasonal va-iation.
Cansim series numbers:

British Columbia D769170
Ontario D768585
Alberta D768415

Appendix B: Construction of Spline Regressors

As explained in the text, the linear spline functions fitted in section five allow for
a piece-wise linear relationship between the average transition rate into employment
and the tightness of recruitment in the labour market. To estimate such a regression
it is necessary to ensure that the estimated relationship has a slope that may vary
over the domain of the independent vaiiable and is a continuous function. A simple
dummy variable technique can meet the first requirement but care must be taken to
ensure that continuity also holds.

To appreciate how this is done, consider a simple linear spline regression with a
slope that can take on four values. The break points for the series will be at values
X, X; and X,. Dummy variables can be defined as follows:

D, {0, if z<X;

z — X,;, otherwise.

3

{0, if z< Xy

x — X;, otherwise.

D,

{0, if :L'<X3;

z — X3, otherwise.
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The desired result is obtained by running the following regression:

Y=a+ X+ 8D+ 53D3 + 84D,

If the slopes over the four intervals are designated by S, S2,.53, S¢ then the fol-
lowing relationships hold

B = 5,

P = 8: - 5,
Bs = 53 — 83,
By = Sq -~ Ss,

The form of the D, variables ensures that the fitted relationship is continuous.
To appreciate why, consider the value of the fitied value at the point X;. Just to the
left of X, the definition of the fitted value is:

Y=a+ 86X+ D,
= a+6iX + B(X - X)
= (a— B X;) + (B + B2)X.

Just to the right of X, an additional term is non-zero so that the fitted value is:

V=a+ X + :D; + 53D,
=a+ X + B(X ~ X1) + Ba(X - Xz)
= (a =Xy — B3 X3) + (b1 + B2 + B3) X.

Now, the limit from the left as X approaches X is just a + 8,X; + (81 + 52) Xz
while the limit from the right is exactly the same because two #3.X; terms cancel each
other. Accordingly, the spline function is continuous at the point X,. Indeed, the
spline regressors were constructed to ensure this and the result accordingly also holds
for other points where the slope changes.

A final note is that the regression specified here was modified slightly to make
hypothesis testing easier. In particular, the regression was transformed so that the
slope parameters for each region were estimated directly. This meant that simple
sign restrictions could be used in the constrained least-squares routine DBCLSJ. The

transformation uses the fact that, given the relationship between the slopes S;’s and
the 8,’s, the following holds:

Y=a+ 85X +(5;— 51)D; + (S5 — S2)D3 + (4 — $3) D,
=a+ SI(X - Dz) + Sz(Dg - D3) + S3(D3 — D,} + S4D;.
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Estimation of this regression with transformed dummy variables allows for direct
application of non-negativity constraints on the piece-wise linear regression.

Appendix C: Construction of Isotonic Regressions

The regressions with monotonicity and concavity imposed are estimated by solv-
ing the following problem:

min(y - J)'(y - )
subject to :
Ay >0

Here y is an n-vector of observations on an independent variable and g is the vector
of fitted values for y. The matrix A is an ncon x n matrix which expresses the linear
inequality constraints imposed on the estimation problem. For both monotonicity
alone, and monotonicity plus concavity, ncon is n—1. While the number of constraints
is the same in both cases it will always be the case that the constraints will be at

least as active in the data when monotonicity and concavity are imposed
To impose the constraints, the pairs of (z;,y;) observations are sorted into in-
creasing order according to the size of z,. Monotonicity then implies that §,4, > ¢,
fort=1,...,n—1 (i.e. n-1 constraints). Accordingly, the first row of the A matrix
1s
(-1, 1, 0, ..., 0)

and the remaining n-1 rows are similarlv determined.

For a concavity constrair’ define the set of \,’s defined by z;4,; = Az, + (1 -
Xi)zis2. Concavity then reques that g1 > Aigi + (1 — A\)d42. If row 2 of the A
matrix is:

(_Als l’ —'(l - Al)a 09 RS 0)

and the following n-3 rows of the matrix are determined in a similar fashion it is
possible to also impose monotonicity with a single row of the matrix. This row is:

© 0, ..., -1, 1)
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This first row imposes the condition that y, > y,-; so that non-decreasing mono-
tonicity holds at the end of the sample. Given that concavity will assure that the
slope of the relationship is non-increasing this terminal condition ensures that the
slope is non-negative for all z values. Thus, concavity and monotoaicity are imposed
with one row of monotonicity constraints and n — 2 rows of concavity constraints.
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Appendix to Chapter Four

Proposition 1: The value function V* is increasing in p, and decreasing in N,.

Proof: The proo: begins by noting that the equation for V7 and the rule 8(N, u)
define an operator Tg which is a contraction mapping. Completeness of the metric
space on which Tg operates is then invoked to argue that there is a unique fixed
point to the operator and that iterations of T from any arbitrary starting vector
will converge to this unique fixed point. This argument will hold for any arbitrary
O(N, u) rule so that it can be applied without making advance assumptions on the
properties of the market tightness rule.

To establish this argument, note that Tg is a mapping from C to itself. For this
space, the usual metric is the sup norm metric defined by p(X, Y} = sup|X -Y| Under
this definition, it can be shown that (using the short hand notation: z = (N, u)):

ToVP(z) = (1 - k)F(2) + ﬂf:(l — 8)VP()Pr(z |2).

=1

Given this,

p [T(.-,Xp(z),TgYP(z)] = f(1 — s, sn:p{lzn: (Xp(z’) - Yp(z')) Pr(z’lz)l}.

* =)

while:
p [X7(2),Y(2)] = sup |XP(z) - Y(2).

It follows immediately then that
p[TeX" (), ToY " (2)] < B [X"(2). Y7 (2)] .

where § < 1. By definition, the operator T¢ is a contraction mapping.

Next, since C and the supnorm metric is a complete metric space, the contraction
mapping theorem can be invoked to show that (i) there is a unique fixed point to the
operator Te, and (ii) for any arbitrary vector (X7), repeated application of Tg will
converge toward the fixed point. This is useful becaure it means that starting with
a V? function that meets the sign assumptions of the proposition does not prevent
iterations of Tg from converging to the fixed point, regardless of the correctness of
the original assumptions.

First it will be shown that:

i) The value of producing, VP(N, i), decreases with the level of employment, N,
To show this it is necessary to consider, in turn, two exhaustive cases which may hold
at each point (N, 4) in the domain of the value function.
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Case a: When N rises N’ falls.
To see how this could occur, consider the law of motion for employment in this

economy:

Nepr = (1= 8)Ne + p(O(Ney pr)) (L — Ny). (A-1)

Now, if an increase in N, is to lower N;,,it must be true that at least one of s +
A(Ny,pe) > 1 or 0O(N,, ue}/ON; < 0 holds. The first condition v :d not hold for a
period of analysis that is sufficiently short and it is always possible to choose the
basic unit of time accordingly.

To see when the second condition holds, consider that the zero-profit condition
implies that the following expression equals zero:

Ba(8)Y_VP((1 — s — p(6:))Ne + 2(6) L, ) Pr(gsil pe). (A-2)
i=1
Given the signs of p(f) and ¢(0) it is clear that this will only occur if VP(N, ) is
decreasing in N. In this case, the proposition is proved trivially.
Case b: When N rises N’ rises.
In this case it is not possible to put restrictions of the relationship between 8(N, u)
and N. Instead, it is necessary to examine the value function directly. Writing this
out in detail gives:

ToVF(Ne, ) = (1 = k)F(Ni, pe)

+ 83 (1= s)VZ[(1 = )N, + O(Ny, ) (L — Np), ] Pr(p'|pe)-

= (A-3)
In the case at hand, N;;, rises with N, regardless of the effect of N; on O(N,, u;).
It is thus possible to sign VP(N, u) by starting with an initial guess for V°(N, u)
which is decreasing in N. Applying the operator Tg to this yields a function which
is also decreasing in N because F(N, ) is decreasing in N and the second term in
(A-~2) is decreasing in N by assumption. Repeated applications of Te will also yield
functions decreasing in N and so the limit of this procedure, the fixed point of Te,
will be VP(N, ) and it will be non-increasing in N. This argument holds for any
arbitrary point in the domain of the value function and thus holds for all of them.

ii.) The value of producing, VP(N, u), increases with the current value of the
shift term 4. To show, this, st is again useful to consider two cases.
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Case a:When g rises N’ rises.

In this case it must be true that O(N, ) rose with u since nothing else in the
law of motion for employment (A-1) is affected by u. In this case, O(N, u) must be
rising in u since the zero profit condition (A-3) implies this.

Case b: When u rises N’ falls.

In this case, it can be shown that the value function rises with g through a
contraction mapping argument. In equation (A-3), it is possible to take any arbitrary
stailing form for VP and so one which 1s increasing in p is legitimate. Application of
the operator Tg yields a new function that is also increasing in st because the current
period return rises with g and N’ falls with x and this raises the future period return

by virtue of the property of the value function with respect to employment that was
established above.

[ ]
Proposition 2: The market tightness function, ©(2,;z,,) is increasing in yu, and
decreasing in N;.
Proof: Consider the expected return to posting a vacancy:

Ba(6) 3" VP (piy (1 — s — p(6:))Ne + p(6:) L, Ls + My)Pr(puipee).
i=1
From this expression and the properties of V* in Proposition 1, the following rela-
tonships can be established:
(1) expected returns to a vacancy rise with g,
(ii) expected returns to a vacancy fall with N,

(iii) expected returns to a vacancy falls with 8. Now, (i) and (ii) imply that when 4
rises, & must fall for expected profits from posting a vacancy to remain constant.
Next, (ii) and (iii) imply that n and 8 must move in opposite directions to maintain
the zero profit condition. This establishes the assertion of Proposition 2.
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