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1. INTRCDUCTION

It is a feature of most labour markets that firms are unable o determine
the precise characteristics (skills) of unemployed workers without incurring

considerable costs.

Firms which want to hire workers are thus induced to "exploit" any signal
which can inform them about the likelihood that particular unemployed

workers meet their skill requirements before incurring these costs.

Workers who meet tine requirements of a high proportion of firms are likely
to be the first to leave unemployment: the duration of unerployment spells
is thus an "informztive signal" which firms can use when evaluating job

applicants.

In section 2 of this essay, we show that this may lead firms to disregard
Job applications made by workers whose unemployment spell exceeds a
"cut-off" duration. In section 3 we show that the existence of such a
"cut-of " duration affects the dynamic characteristics of the econony: it
leads to an asymmetry in its adjustment to positive as opposed to negative
shocks; furthermore increases in the amplitude of these shocks (holding
constant their mean and their frequency) influence the average employment
level(1>, while increases in their frequency (holding censtant their
arplitude and their mean) reduce the amplitude of the fluétuation of

employment ("inertia").

Employment exhibits serial correlation: a one-time shock to the econony

leads to an adjustment path which extends over several periods. . The

(1) We identify a condition under which an increase in the amplitude of
shocks leads to an increase in average employment.

.



model developed in this essay is an equilibrium model (the wage rate is
fully flexible). The serial correlation result is obtained even in the

absence of misperceptions , i.e. even for perfectly anticipated shocks and

although there are no costs of adjustment.



2. THE MCDEL

2.1 THE "INGREDIENTS"

The model consists of a fixed number N of workers(A) and a non-
predetermined number of firms [free entry (exit) of firms into (out of) the

econory | .

Workers and firms are heterogeneous: there are two types of workers
(denocted by A and B (the proportion of type A (type B) workers will be
denoted by a (b))) whose characteristics (skills) imply that they differ in
the following way: for each firm, the probability that a randomly chosen
Wworker meets its skill requirement is greater if that worker is a type-A

than if he is a type-B worker (the former probability will be denoted by Py

and the latter by pB)-

We give here an example of an econormy with the features described in the
text; assume that there exists a continuum of skills which can be
represented by a circle.

Each worker has a set of skills which corresponds to an interval on the
circle.

wWhat distinguishes type-A from type-B workers is the length of their "skill
intervals" (i.e. the breadth of their skills); denote this length by J. and
J_ respectively. The "skill intervals" of type-A and type-B workers ére
evenly distributed over the circle. Bach firm requires its workers to have
one skill. When entering into the economy (we assume free entry), firms
can "locate" their "skill requirement" anywhere on the circle.

As the "skill intervals" of type-A and type-B workers are evenly distributed
over the circle, firms will choose the locations of their '"skill
requirements" in such a way that they too are evenly distributed over the

circle. It JA > JB’ this implies that P, > Pge

In the model time is continuous.

(a) To avoid problems of indivisibilities it is best to interpret N as
the interval [O,N].



All workers are "infinitely" lived, with an instantaneocus death probability
of z. Workers who die are immediately '"replaced" by newborn workers in

such a way that the composition of the workforce remains unchanged; all

newborn workers enter unerployment.

Each firm can employ at most one worker. Gross per pericd productivity of
that worker equals a positive constant if he meets his firm's skill

requirement.

Firms are unable to determine what the skills of unemployed workers are,

without incurring a cost (denoted by c)(1),

Under the assumption that gross productivity produced by an "unsuitable"
worker is negative i.e. that a damage results from employing such a worcer
and that this damage is sufficiently high, firms accept to bear the cost of

finding out what the skills of unemployed workers are.

The firm's acceptance to incur this cost can be explained in an alternative

way (thereby avoiding the assumption - which is perhzps unrealistic - the

ct

there is a substantial damage from erploying "unsuitable'" workers) if we
suppose that before being able to work for a particular firm, each worker
has to go through an apprenticeship which aims at teaching him essential
firm-specific skills which only "suitable" workers are able to learn (C

can then be interpreted as the cost of this apprenticeship ).

Firms can conduct "interviews" (i.e. determine the craracteristics of

unemployed workers) once every period of unitary length, and each period

they can interview one worker.

(1) Moral hazard (on the part of the firm) deters workers from accepting
to pay this cost.



We assume that a similar "capacity constraint" exists for workers too: "on
average' each worker can be interviewed once every period of unitary length
(see appendix pp.1/2). We assume that firms can costlessly determine the

duration of the unemployment spells of any unemployed worker.

Workers who meet the skill requirements of the largest number of firms have
the highest probability of leaving unemployment; this implies that the
probability that unemployed workers meet a firm's skill requirement

decreases as their unemployment spells get longer.

Consider the group of workers who - at a certain point in time - have been

unemployed for t periods ("cohort t" for short).

The criterion used by a firm when deciding whether it is worthwhile to
interview a "cohort t" worker (and not a worker from another "cohort") is
the maximization of the expected present discounted value of its profit

("asset value" for short).

Given the possibilityloﬂfree entry of firms into the economy and under the
assumption that the wage rate is fully flexible, in equilibrium the wage
offered to cohort t workers is such that:

(1)  in the market for cohort t unemployed, the number of interviewees
equals the number of firms; furthermore the asset value of all these
firms is zero (if all markets are in equilibrium, firms are thus
indifferent between entering any labour market and staying
outside);

(2) all cohort t wprkers accept to be interviewed and hired (i.e. the

wage 1s not smaller than the reservation wage).

The wage rate which meets condition (1) can be smaller than the reservation
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wage., If this is the case, the market for cohort t workers "closes", i.e.

no cohort t workers are interviewed.

2.2 FORMAL EXPOSITION

in equilibrium the asset value of all firms which have a vacancy equals
Zero. This implies that the asset value of a firm which employs a worker

eijuals the expected present discounted value of the net profit stream

yielded by that worker.

E v . . . . .
let At(T) denote the asset value o’ a firm which at T hires a worker in

narket t.

(1) We have: At

L=

=)

]
y—e

[ye T+s/T) - w+(T)}.e'(Z+i)-Sds

where y&(T+s/T) is what firms at T expect "instantaneous" output at T+s to
be and where Wt(T) is the one period wage prevailing in market t at T (A),
wihile z and i denote a worker's instantaneous death probability and the

discount rate used by firms.

The asset value of a firm which at T has a vacancy and which conducts an

interview in market t shall be denoted by AI(T).

(2)  We have: AV = g (T).AR(T) + (om (T))eemial, (1+41) - C

where wt(T) denotes the probability for a firm of conducting a successful
interview in market t at T, and C stands for the cost of conducting an

interview.

(A) We assume that unless an unforseen fall in gross productivity takes
place (see the discussion of this case cn p.16) this wage is paid to
the worker during his entire erpployment period.

PPN &



Formula (2) can be interpreted in the following way: with probability “t(T)
the interview conducted by the firm is successful; this implies that the
firm's asset value becomes AE(T). If the interview is unsuccessful, by
assumption, the firm has to wait one period of unitary length before it can
again conduct an interview. Tts asset value (discounted back to T) in the
case of an unsuccessful interview becomes e‘i.Az, (T+1) (if it plans to
enter market t' at T + 1). A:(T) is thus equal to the expected value of
what the firm's asset value becomes when the firm has conducted its

interview minus the cost of conducting that interview.

In equilibrium AZ(T) = AZ, (T') =0 ¥ t,t',T,T' and hence

(2') o = w (D) . Afm -cC.

(1) impiies that AE(T) = f ye(T+s/T),e—(Z+i).sds _
s=0 z+i

and hence (using (2'))

o z+i
(3)  W.(T) = (z+i).f ye(T+s/T).e-(z+1)esqs - . .

< = T
s=0 nt( )

To give content to equation (3), "t(T) has to be determined. If in each

labour market, interviewees are randomly allccated to firms,

(kL) we have that: nt(T) = pA.a(T,t) + pB.b(T,t),

where a(T,t) and b(T,t) denote the proportion of type-A and type-B workers

in market t at T.

In real economies, unemployed receive some information about the skill
requirements of particular firms (e.g. through job advertisements).

This information allcws them to evaluate in which "sectors" of the economy
their skills are sought after.



In the model, the assumptiop of a random allocation of interviewees to firms
on an econony-wide level can easily be replaced by one in which unemployed
workers correctly identify sets of firms which have skill requirements which
are "close" to their own skills: assume that a firm with a skill

requirement corresponding to e.g. point e in the continuum of skills
described above (see p. 3) receives job applications from all workers the

midpoints of whose skill intervals lie in the interval [e-d,e+d] (see Fig.
1).

Fig. 1

By assumption the midpoints of the skill intervals ot type-A and type-B
workers are evenly distributed over the "skill circle'.

Hence amongst the job applications received by the firm "located" at e, a
fraction a(T,t) comes from type-A and a fraction b(T,t) come from type-B
workers. Assume that J. < 24 (J (J_) denotes the length of the skill
intervals of type-A (type-B) workers).

Only type-A (type-B) workers the midpoint of whose skill interval lies in
the interval [e - J /2,e + JA/E} (le - JB/Q,e + J_/2]) meet the firm's skill
requirerent (see Fig. 2). c

J J
2 Z

Fig. 2 e-d e-

Fig. 2 shows the skill intervals of two of the type-A job applicants
(denoted by 'r' and 's' respectively). Worker 'r' meets the firm's
skill requirement (the midpoint of his skill interval lies in the

J J

interval le - —é-,e P I, while worker 's' doesn't.

2 2
If the firm randomly selects an interviewee amongst its job applicants, the
probability of a successful interview is thus equal to
J J
n (1) =a (T,6). 2+ b (T,8). 2. Set J /2d = p, and J_/2d = p_ and
t t o4 t o4 A A B B

we obtain equation (4).



It is shown in the appendix that

3 1
(5) a(T,t) = and hence

l+(b/a).e(pA_pB)'t'

1
(5') = (T) = (p.-p_). + p_,
t A B ' B
1+(b/a).e Py~Py) b

(where a (b) denotes the proportion of type-A (type-B) workers in the total
workforce) if during t' periods interviews have before T been conducted in

the cohort of unemployed aged t at T.

It follows from (5') that for P, # 1 the probability of conducting a
successful interview is a decreasing function of t'. Furthermore,

assuming pA > pB, im 7 = pB: as t' tends to infinity, only type-B
t! s

workers subsist in the group of unemployed.
&

t'

The wage rate defined in (3) guarantees that the first condition of the

equilibrium concept formulated on p. 5 is met.

The second condition defining an equilibrium requires that Wt is not smaller

than the reservation wage (which will be denoted by w):

Inequality (6) allows to determine the minimal probability of conducting a

successful interview compatible with equilibrium in the market for
Min
cohort-t workers at T (we denote this probability by nt(T)): it implies that

Min (z+i)C
(1) 7 {T) = .
t . e ~(i+z).s, -
(z+1).T vy (T+s/T)e ds-w
0

Min
The markets for which nt(T) < nt(T) "close", i.e. for these markets the wage
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rate compatible with (2') (i.e. which allows firms which have a vacancy to
meke net profits (when they hire a worker), the expected present discounted
value of which compensates them for the cost of conducting interviews) is

smaller than the reservation wage.

We can deduce from gim =«
t' s+ .
of unemployment can exist i.e. a finite number t which is such that if

gr = Py that if Py < sMin g "eyt—off" duration
there is a market t which is such that s = ¢Min then all markets t for

wnich t > t close.

It follows from equation (7) that an increase in anticipated gross
productivity reduces wMin (when ¥€ increases, firms can afford to
interview unemployed with a smaller probability of being successfully

interviewed).
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3. DYNAMIC PROPERTIES OF. THE MODEL

In what follows, we will submit an econony in which a cut-off duration of

unemployment exists to gross productivity shocks.

These shocks can be technological (variations in physical productivity which

follow from the introduction of new techniques), reflect variations in th

]

firms' cutput in terms of €.g. a consumption good (if y is expressed in
units of that good), or in the cost of materials. They affect employment
through their impact on the cut-off duration; (shocks to other exogenous
variables - e.g. the cost of conducting interviews - influence employment

through the same channel).

We will consider 3 types of shocks:

(1) a permanent reduction in 8ross productivity (section 3.1),

(2) a permanent increase in gross productivity (section 3.2),
and (3) a gross productivity cycle, i.e. a sequence of phases of high

and low gross productivity (section 3.3).

As the analysis of the impact of these types of shocks on total
(un) employment and on the structure of (un) employment is rather technical,
we shall now give a verbal exposition of t.e principal results which we
obtain: A permanent reduction (increase) in gross productivity leads to a
sluggish adjustment path of total employment which extends over several
periods; employment is thus characterised by "persistence'" (serial
correlavion). There is furthermore an asymmetry in the adjustment of
employment to "positive" as opposed to "negative" shocks :

an unanticipated permanent fall in gross productivity leads to an
immediate fall in the cut-off duration of unemployment and hence to the

immediate closure of the narkets for workers whose unemployment spell
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exceeds the new cut-off duration. If workers who (before the fall in gross
productivity) were hired in the markets which close under the impact of the
fall in gross productivity continue to be employed after the fall, total
employment decreases until all these workers have died away and - as by

assumption workers are "infinitely" lived - the adjustment of employment to

its new steady state level is infinitely long.

We turn now to the case of a permanent increase in gross productivity.

As the composition of a cohort of unemployed does not change if its members
are not interviewed, the probability of conducting a successful interview is
constant in all those markets which before an unanticipated increase in
gross productivity are closed. This implies that all these markets are
opened up by an unanticipated increase in gross productivity. This
situation however only subsists until the probability of conducting a
successful interview in those cohorts in which interviews start to be
conducted under the impact of the increase in gross productivity has been
driven down to its new minimal value. If this process is of finite length
(i.e. 1if the cut-off duration of unemployment which corresponds to the
increased level of gross productivity is finite) the adjustment of total

employment which follows an increase in gross productivity too is of finite

length.

The effects of an anticipated permanent fall (increase) in gross
productivity are similar to those of an unanticipated fall (increase),
except for the fact that the adjustment of employment begins before the

actual variation in gross productivity takes place.
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If the economy is hit by a gross productivity cycle, employment exhibits

"inertia", i.e. increases in the frequency of the gross productivity
cycle (holding constant its mean and its amplitude) reduce the amplitude of

the fluctuation of employment.

Intuitively this can be explained in the following way: employment falls
during phases of low productivity and rises during phases of high
productivity. As employment exhibits "persistence'", the amount by which it
falls (rises) during a phase of high (low) gross productivity - and hence
the amplitude of employment fluctuations - decreases as the length of the
high (low) productivity phases is reduced (i.e. as the frequency of the

gross productivity cycle increases).

We furthermore show that ~ if workers' death probability is sufficiently low
- an increase of the amplitude of the gross productivity cycle (holding

constant its mean and its frequency) can be "desirable" as it increases

total employment.

The intuition behind this result is that an increase in the amplitude of the
gross productivity cycle (holding constant its mean) reduces piin during the
high productivity phases of the cycle. It therefore increases the total
length of the time span during which interviews are conducted in each cohort
and thereby reduces the total number of unemployed in the cohorts when these
reach the increased cut-off duration of unemployment which obtains during

the high productivity phase of the cycle.

If workers' death probability (z) is small, this leads to a large reduction

in the total number of permanent unemployed .
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3.1 EFFECTS OF A PERMANENT REDUCTION IN GROSS PRODUCTIVITY

Fig. I ]

s —

We first analyse the effect of an unforseen permanent reduction in gross
productivity: at T < T, gross productivity is equal to Y (see Fig. I) and

at T it falls to yo-

Denote the number of type-A (type-B) workers whose unemployment spell at T

is t periods long by A(T,t) [B(T,t)].

Before T A(T,t) A(T,0).e"BytE)et oo g o T(y,) and

_ _ (8)
A(T,0).e"Ppt2) B0y gae-Rlry)) o, tyy) <t

A(T,t)

where ©(y;) is the cut-off duration of unemployment corresponding to the

level of gross productivity Ve

One thus obtains the following "age-profile" of the "population" of

~

unemployed type-A workers at T < T:
|u,/o;}AlT,tJ

Fig. IIa

B »

t

|

e et
| tlyo
nt(T) and wt(T) are decreasing functions of t (for t < E(yl)):

(A)  See Appendix p. L.
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Fig. IIb ; ~— Fig. Ilc

/

£l
7 ;
/

Note that "t(T) is constant for t > t(y,) as for these markets the only
cause of departure out of unemployment is death and by assumption the
instantaneous death probability is identical for type-A and type-B workers;
hence the composition of a group of unemployed workers does not change once

the duration of their unemployment spell exceeds the cut-off duration.

At T gross productivity is reduced from ¥y to Yy (see Fig. Ia). This
leads to an instantaneous increase in Min and to a downward shift of the
wage schedule in Fig. IIc by the same number of units as the reduction in

gross productivity (see Fig. III).

A

W, (T)
?\\\\ The fall in the wage rate (a)
W \\\»\I\\\\\ is necessary to "compensate"
Fig, III Tl
S firms for the sudden fall in
s - B ross productivity.
Eyy ty,) t & P Y

o0 z+1
(a) See equation (3): wi(T) = (z+1) / yl.e"(z+i)-5ds— o .C if

s=0 7 (T .

ye(T+s/T) = yq for all s » 0 (this is the case for t T < T).

z+1 N
Hence W£(T) =y, - .C for T < T. Similarly,
"t(T)
zZ+1 -
Wt(T) =yq - £ for T » T.
7, (T)

t
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Fig. III shows that the fall in gross productivity at T leads to an
immediate fall in the cut-off duration of unemployment from E(yl) to E(yo)
and thus to the immediate closure of the markets for unemployed workers

whose age lies in the interval [E(yo),f(yl)l.

Workers hired in those markets before f,‘continue to be employed after the
reduction in gross productivity (A).

Now we analyse the adjustment path which follows the fall in gross

productivity.

Consider the "age-profile" of the population of unemployed type-A workers at
T+ o (A >0), i.e. A periods after the fall in gross productivity (the

"profile" for type-B workers is similar to the one for type-A workers).

Using the same notation as previously we have:

(i) A(§+A,t) = A(’i’,o).e'(”pA)‘t for 0 < t E(yo),

(11) A(T+a,t) = A(Ten,B(yy)).e 2 (E-t00)) for Tly,) < t < Elyy)+a,
. N ~(2+p,) . (t- [ty ) +a]) i

(111) A(T+a,t) = A(T+a,t(yq)+a).e for tlygy)+a <

- ~ - -z(t=[t(y;)+al) _

(iv) A(T+A,t) = A(T+a,t(yp)+A).e for t(y)+a < t.

(A) We assume that this is so even when the new level of gross
productivity is smaller than the wage at which they were hired; in
this case it is in the mutual interest of the concerned workers and
their employers to bargain out a new wage which is smaller than the
new gross-productivity level: if no such agreement is reached (i.e.
if firms are forced to stop production), the firms' asset value falls
to zero; denote the expected wage which the workers can earn when no

agreement is reached by w (necessarily Ww<ygo). Hence an agreement

which leads to a wage w with w<w<y g4 is beneficial to workers and their
employers.,
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Fig. IV \‘\\\:\‘2
S
+ ¢ + ¥ >
ziﬁa) Eim) E(so)fb E‘a,)#b 't

The continuous line and the broken line represent the age profile at T

and T+A respectively.

After the fall in gross productivity, interviews continues to be conducted
in the markets of the interval [0,t(y4)].  Hence the corresponding part of
the "age-profile" does not change between T and T+a (see Fig. IV).

Interviews cease however to be conducted in markets t > t(yo)

This explains the segment BC of the profile at T+A the slope of which is -z:
consider the group of unemployed type-A workers aged t(y,) at T, it consists
of A(TT(y )) individuals and A periods later of A(f+a t&y0)+A) =

NGRS (yo) eZ+A individuals.

Unemployed workers hired in the markets which close at T continue to be
employed at T+A the group of unemployed type—A workers aged t(y )+e at T
(with 0 < e < t(yl) t(y )) consists of A(D,T T(yg)+e) individuals at ? and of
AT+, Ty o) +tera) = (T,?(y0)+e) e~28 individuals A periods later, the
only reason of "departure" from the group being death (this explains the
segment CD).

Graphically one sees that, starting from the profile at T, the profile at
T+A 1s obtained by sliding to the South-East the segment BE (along the arrow
in Fig. IV). This is accompanied by an increase in total unemployment:
after the Tall in gross productivity total employment falls until all

workers who were hired in markets which close under the impact of the

reduction in gross productivity, have died away.

Given the assumption that workers are~infinitely"lived, the adjustment which
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.

follows a fall in gross productivity is thus infinitely long(A).

FIG. V

,? total wd'p/ovmou‘

I
|
H
!
H

-+
1y

We now assume that from T =T < T on, firms anticipate the fall in gross

S

productivity which takes place at T. Thus:

(4)

It is easy to see that the adjustment path depicted in Fig. V is
convex: consider two points in time after the fall in gross

productivity: T < T1 < T,.

Consider the profile at T, (continuous line) and at T, (broken line)
consider the fall in employment which takes place in the intervals
[Tl,Tlt?] and [T,,T,+e].
Zoa A, Q

b

'{:'lg.) u v us Fly)+ Ty~ ‘?,- vE tly) + - T .
One can get an idea about the amount of these reductions in employment
by considering the superficies of X and %. These
superficies are identical.

Note however that what is measured on the vertical axis is
the logarithm of the number of type-A workers. Hence the reduction
in employment corresponding to ¥ is greater than the amount of the
reduction corresponding to Z. This implies that the 2nd derivative
of the adjustment path of employment w.r.t. time is positive (the

"rapidity" of the adjustment decreases over tine).
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.

ye(T+s/T) =y, ¥s > 0 at all T < T

ye(T+s/T) = y, for s € [0,7-T] } . .
} atall T<TeT
A }
ye(T+s/T) = y, for s > T-T }
ve(T+s/T) = Yo ¥s >0 at T » T.
This implies (using (3)) that:
z+i 1 .
w (T) = yi - .C = w for all T < T
t t
wt(T)
. - . ~ z+i
w (T) = [1 - e-(Z+l)'(T-T)3.y1 + e-(Z+l)'<T_T).y0 - <oz Wl
t t
nt(T) - .
z+1i 3 R for T<TT
w (T) = Yo - L =Zw forT332T.
t t
wt(T)

We note that the wage which obtains in the period between T and T can be
written as a weighted average of the wage which obtains before T and the
wage which obtains after T, the weight attached to the latter increasing as

the moment of the actual fall in gross productivity gets closer:

Wt(T) = [1 - e_(Z+i)'(T_T)}.w§ + e-(Z+i)'(T4T) .Wg for f < T g 6;

as WS < w} the wage schedule shifts downwards during the time span

[E’,&']! W\

o
; \\ -\'\\
Fig. VI : . ~
& Woe N N
~ -
~ ~ W, (TN
't
wiTs o
t ~

~ 1 A
The wage schedule at 3 points in time: before T (wt), at T (wg) and
at TY (T < 7 < 7T).
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This implies that the cut-off duration of unemployment (which is determined
by the intersection of the downward shifting wage schedule and the

horizontal line through w) falls during the same time span.

Consequently the markets in the interval [E(yo),g(yl)] close even before

the actual fall in gross productivity takes place at T.

As in the case of an unanticipated fall in y, the long run employment level
corresponding to the lower level of gross productivity is only reached after
all workers who were hired in markets which close under the impact of the

fall in gross productivity have died away.

As these markets however begin to close before the actual fall in gross
productivity at T, the adjustment of total employment to its long-run level

is quicker if the fall in gross productivity is anticipated by the firms,

A Lota m,(ovucnt

Fig. VII

continuous line: +time path of total employment if fall in y at T is

unanticipated.

" "

broken line: if fall in y is

anticipated.
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3.2 EFFECTS OF A PERMANENT INCREASE IN GrOSS PRODUCTIVITY

¥ A
[
Fig. VIII
Yo o e
T T
We first assume that the increase in gross productivity which takes place is
unforseen by the firms. Before T the "age-profile" of +the

group of type-A unemployed, the wage schedule WT and the n*schedule are

s

similar to those which are depicted in Fig. Ila-Fig. Ilc.

~

It follows from (7) that the increase in gross productivity at T immediately
leads to a fall in ann, i.e. in the minimal probabllity of conducting
successful interviews which is required to prevent labour markets from

. - . o~ 3 . - G
closing (see Fig. IX; in what follows “M%n will be denoted by #'+0 for
L

- . - o
T < T and by ﬂ%ln for T » T).
1
4
Wyw
Min _\‘\ '7‘<1':
Trto \\\\ ﬂf{T’ ot ~
Fig. IX N
Min . Ao ¢
YT't L S e e (TT) ot T B T4 L) Pl
, .
tyy Tl ¢
E(yo) is the cut-off duraticn of unemployment before the {pecpeage in gro

productivity.

~
This implies that at T in all labour market the prebability of conducting a
successful interview is not smaller than n¥1n. Herice the increase in gross
1 ~
productivity "opens' all these labour markets which before T are closed.

M

fhese markets remain "open" so long as the probability of conducting

e



successful interviews in them is not smaller than W%ln,
1

Consider the "profile" of type-A unemployed at T:
(continuous line in Fig. X)
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As before let i,
denote the length of the time span during which interviews can be

conducted in a cohort until the probability of successfully conducting

interviews in the cohort has fallen to n%in. As cohorts aged t with

1
t > t(yg) at T are before T interviewed during t(y,) periods,
they are interviewed during the first E(yl) - %(yo) periods which
follow f.
Graphically the evolution of the age profile can be described as a
shift to the South-East of the segment BC in Fig. VIII'. This shift stops
at T o+ tlyy) - t(y o) when markets with t > t(y ;) close again.

If we assume that t(y1) is finite (i.e. that there exists a cut-off
duration of unemployment after the increase in gross productivity), the

adjustment of employment which follows an increase in gross productivity

is of finite length. (a)

(4) fn argument similar to the one presented on p.1? shows that the
adjustment path which follows an increase in gross productivity
is concave, i.e. the "rapidity" of the adjustment decreases
over time.
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A totad ewmploymest
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Assume now that the increase in gross productivity which takes vlace at T
~ " ~ N
is anticipated by firms from a point in time T onwards (¢ <), b

follows from (7) that during the time span [T,T], the minimal probability

i gecreases.

the arguments developed above, we can see that this implies that all
~ -~
markets in which before T no interviews are conducted, open at T. Ag
interviews are conducted in these markets, the probability of conducting
. ot
a successful interview in them fallis. If the fall in ﬂ¥1“ after T isg

more rapid than the fall in the probability of conducting a successful

intervieW(A>, interviews continue to be conducted in these markets after

4>

L .

T (i.e. when the reduction in il has stopped). As these intervievs

~
m

P

N

(il

start before T, the time span during which they are conducted after ¥

is shorter than in the case of an unforseen increase in y; hence the
1

new long tern level of total employment is reached earlier than in the

latter case; one thus cbtains the following adjustment path:

AN
(n) This is the case if T-T is small, i.e. 1f firms begin to
anticipate the increase in y only a short time before it
takes place.
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time path of total employment if increase in y at T

continuous line:
is anticipated.
time path if increase in y is unanticipated.

broken line:
dowever if the rapidity with which the interviews which are conducted in the

Fa'd
which open after T tend to drive down the probability of conducting

o
)

market 1
ul interviews in these markets 1s greater than the rapidity of the

PIEeY. o P
sSuccess’t

he adjustment of total employment to its long term value is

. . A3
fall in oMin,

ra)
finished at T (see Fig. XI').
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33 EFFECTS OF A GROGS

PRODUCTIVITY CYCLE(A)

We will consider a gro

productivity cycle of the foilowing type:
'(hTI ..... — ————— g e d
Ficr I S —— - S—
Pig, XII Yo T
. R U Y
7 T T, T T
As before ) ? ! :
let tlyy) [£(y45)] denote the length of the time span during
can be conducted i

ing which interviews
in a cohort of unemployed worke

5 until the probability of
onducting a successful interview has fallen to the value of riln (as

. M - 5 \
value of w;ln Dy qd*n {; hln))
—

defined in (7)) which corresponds to vy (yy) (as previously we dencte this
R

INCREASES IN THE FREQUENCY OF THE GROSS PRO

We shall start the analysis of

gross productivity cycle of the
in Fig.Xu by

tudying the case in which each high (low)

vhase is t(y,) - T(y,) periods long, i.e. in which
T = +(v+ .Y _ ¥
4 Tl (J i) b(} 0)-
We will thereafter increase the frequency of the cycle by letting
1
Lo-T == T )-tyy)] with n = 2,3,...,.
- r
1. T o~ o = tly ) =~ Ty,
Consider the "age~profile" of the type-A unemployed: at Ty, 1ee.
(A)

Throughout this section it will be assumed that the shock
to gross productivity are unanticipated.



25

343 EFFECTS OF A GROSS PRODUCTIVITY CYCLE(A)

We will consider a gross productivity cycle of the following type:

‘1

é,“ .i, JUSR—- T S T - e i ) ot st or ol
Fige XII g1 — e e - e
, \ . e
S S T T A
As before ! 6 K d

let %(yl) [£(y,)] denote the length of the time span during which interviews

can be conducted in a cohort of unemployed workers until the probability of

. . . . a M :
conducting a successful interview has fallen to the value of 't (as
|93

¢

defined in (7)) which corresponds to y; (y,) (as previously we denote this

R M3 - M s
value of oi4in py Min (Min)),
t to

dd Vo

3.3.1 INCREASES IN THE FREQUENCY OF THE GROSS PRODUCTIVITY CYCLE

We shall start the analysis of a gross productivity cycle of the type

depicted in Fig.&M by studying the case in which each high (low)

gt
vroductivity phase is T(y,;) - T(y,) periods long, i.e. in which

r{ H - |'£',

P i-1 = {f(yl) - E(Yo)-

We will thereafter increase the frequency of the cycle by letting

1

Ti - Tiul = -_[E(y1)_E(ya)] with n = 2,3,e00,0
Il

I- {Pl - n—“,-»l = L(\r i> il t(ydo}

‘onsider the "age~profile" of the type-A unemployed: at T,, i.e.

(4) ‘hroughout this section it will be assumed that the shocks
to gross productivity are unanticipated.
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at the end of a phase of high productivity, the "profile" is ABDEF
(see broken line in Fig. Xu').

The subsequent fall in gross productivity i

implies

L} IS

that no interviews are
conducted in markets t

-

shifts the segment BD in Scuth-Fasterly
direction (see the discussion on p.l?).
By assumption tie

Low productivity phase Ty
this implies

T, lasts tly,)-T{y.) periocds;
2 1 YD
that at its end the segment EP has reached CE.
Loy, A
gh ! ;
A
LG
\)\\g
i 4
bl Ty N ™,
rig. XIT N \\
A .
! b -
3 +
Z['j,) Ely,

2 Etyi- £y,
AT the end of the low productivity phase "profile” is thus

ABCEF

Gl



.

Puring the phase T2«T3 the evolution of the age profile
can be described by shifting to the South-East the segment BC; E(yl)-&yd periods

after T,, l.e. at T3, the segment BC has reached Di{see the analysis on p.22)

Hence the profile at’% is again ABDE. During T'3-T, the evolution of the

5

profile is the same as during TimTQ etCe e The age profile of type-R

workers evolves in a similar way.

In the cyclile which has just been described, total employment is highest at
the end of high productivity phases and lowest at the end of low

productivity phases.

ﬁ’ﬁd—é’ Wﬂbgmw

Fig. X1I™
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We now increase the frequency of the gross productivity cycle by letting
1
T, - T, ;= = (EBly ) - (yg)). In this new cycle the age profile of type-A

2 PR .

i 5
unerployed evolves in the following way (see Fig. XIII):

1
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Fig. XIII

£y

~Z
N

—t
b\\'\\\
d

s

a/

3

CRa, i
.
: 3 T
( N o \"\"*t\ N 5
MU S

Hyy By AEW-ER) ’ ¢

At the end of a low productivity phase- eg. at T? -the age profile is degroribed

by the broken ling in Fig.¥XIIT.In the subsequent phase of high



N
(e

productivity the age protile shifts in the direction of the profile ACDEG
(the arrow pointing from a to b describes the evolution of the number of

m

type-A unemployed in the cchort aged t' at ¢2).

At T3 the age profile is ACDEA; as after T3 interviews cease to be conducted
in all markets for which © > T{ya.), the age profile shifts to ABJDIHG (the
vO, A
arrow pointine from ¢ to d describes the evelution of the number of type-A
g

s

unemployed aged t" at T4)during the interval (Tj,

During the high productivity phase frcm1ﬂ; to Ty the profile shifts again

to ACDES etcecs

1
For a cycle with Ti_Ti—‘ = — (£(y,)-T(yq)), we obtain the following
- 3

age profiles:
A

V&?Aﬂm;

p) (\

Fig. XIV § *t:§\
E .

\‘~¢b\~
= '“\:""“2-7:“._‘
1 * A —
Hyy Ey,) At i)
1
while for T, - T. = "'{T(y1)~5(v0)} we obtain:
1 i-1 14 )
rLog A, &) .
| g t i A IL“Q,A(' ;f)
@ 8"
i % ) \\‘”‘\\ 8 \\\
: \n\% ; K\\\\
\\ ! Fj ,9: " \\\‘
! \\‘g».~ . X..V 1 ~ H
H \m“igs.\._., Qu
ot + N - e RN S— SR i o —
‘E%“ tly) Ly~ Elys) ¢

‘n Figs. XIV and AV ths hroker (eomiinnous) line correspondsto the

end of a high (low) productivity phase,



We observe that the profiles '‘cycle'around ABHG in Fig, XV?',

By increasing the frequency of the gross
productivity cycle the age profiles in the age span {E(yo),QE(yl)nf(yo)}
at the end of low and high productivity phases come closer and closer to

line which links the points 8 and H in Fig. XVII.

This will now be shown more "

employment in the cycle with Ti_Ti-l = (E(yl)-ﬁ(yo)} and in the cycle with

T-T. 1= 5 By - £yg)); to do this we superimpose the age  profiles
1 i=-1 < 3

depicted in Fig. XII' and in Fig. XIII at the end of a phase of low
productivity (Fig. XVa) and at the end of & phase of high productivity

(Fig. XVb),

A
, &ﬁ Al )
<
Ny
AN
\\
\\
N
A . h
} N
Tig. XVa i = e
- _\%NQ‘:N
' ] ¢ J T
Hyp) ty) *
f‘ &3 Al ,ei
AN
i \
: \:‘\
Fig. XVb - e
H 3 ~ .
N\?;Q
.:Q“b\i

[ 4

"low freguency cycle" while the continuous lines represent age profiles

corresponding vo the "high frequency cycle".

systematically" by comparing levels of total

In Fig. XIVa and Fig. XIVb the broken lines represent age profiles in th

e

2
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Comparing the superficies of the area below the age profile in the "low

frequency cycle' and that below the age profile in the "nigh frequency

e}

ycle" in Fig. XIVa and b, it appears that the former exceeds the latter at
the end of a period of high productivity while it falls below it at the end

of a period of low productivity.

Hence the increase in the frequency of thed gross productivity cycle leads to
a reduction in the amplitude of the employment cycle which it generates. (A)
Total employment exhibits thus "inertia" The intuition behind this
vhenomencn is that as employment exhibits "persistence", the amount by which
it falls (rises) during a phase of high (low) gross productivity decreases
as the length of the high (low) productivity phases is reduced (i.e. as

the fregquency of the gross productivity cycle increases).

Tt is furthermore easy to see that the increase in the frequency of the

gross productivity cycle increases the trough of employment by more than it

reduces the peak of employment. (B)

3.3.2 THE EFFECT OF AN INCREASE IN THE AMPLITUDE OF TE. GRCSS
PRODUCTIVITY CYCLE

In what follows we shall increase the amplitude of the gross productivity

cycle holding constant its mean and its frequency (see Fig. XVI).

A

e
~—

Te argument which has been presented atove was concerned with what
nappens to type-A unenmployment over the cycle; the evaiu k.ion of type-
B unemployment and hence of total unemployment is similar to that of
type-A unemployment.

(B) In Fig.XIVa-XIVo the superficies of A is equal to the superficies of
B. Note however that what is measured on the vertical axis is the
logarithm of type-A employment. Hence the volume of erployment
"eorresponding' to A is greater than that corresponding to B.

PR
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J
Pig. XVI g - —— -~ - ———

3;.3. —— e -—————

e e e e s s st st i s

, , Ty T T T;. (! ty r
¥y yrg} is the maximal (minimgl) level of gross productivitvy after Lie

J
increase in the amplitude of the gross productivity cycle.

A

We shall show that the increase in the amplitude of the gross productivi
cycle increases employment if the workers'

death probability (z) is sufficiently small.

&

When the amplitude of the gross productivity cycle increases, the cut-offl

duration of unemployment corresponding to the low level of gross

productivity decreases, while that correspending to the high level of gross

productivity increases. Denoting the cut-off duration corresponding to
1 1 - ¥ - 1 - ' — - ( A Y
V1 (v o) by Blyy) (t(ye})we have thus T(y,) > t{y;) and T(Mﬁ) (Ja)g VR

Let ABH¢ (Ap'H'c¢' ) in Fig. XIX denote the age profile around which the age
profile of type-A unemployed "cycles" before (after) the increase in the
amplitude in gross productivity.

3’@(;3 it A

Fige XVII
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(A) This follows from equations (7) and (5). It can furtherm
shown that f(y AR 16 A0 1SR EEIE 16 FD I



One sees from Fig. Xvi that for t = 2E(y!}) - T(y'y) the total number of
unemployed type-A workers is smaller after the increase in the amplitude
than before it, Lenote the first number by A and the latter by X

< E}.

i

4s & warket with t > 2E(y"y) - t(yy) is closed at all stages of the
high and the low amplitude gross productivity cycle , we have that the
total number of type-A unemployed in that parket after (before) the

increase in the amplitude is A.e ~2(t=(28(y1)-%(y¢)))

- Z(t—(Q‘f(y 1)—%(}’0)))).

N
>l
.
®

i

The difference in total type-A unemployment
in all markets with t > 2E(y;) - %(yé) which follows from the increase in
the amplitude in gross productivity is thus

A b o mrlo=(2tly ) -Elyp))) g, _ OF 7.2 (=28 (") =20 ) e

o . T o~T ' (..
ct(yi )«-t(yé ) Zily, )-EG

=

with A < 0.

One easily sees that for small values of z the absolute value of A is very

Ir E(y;) is finite, 2€(y&) - E(y;) too is finite and hence the change
in {average) type-A unemployment in all markets with

H t
U<t s 2Ty ) - T(y4) which follows from the increase in the amplitude
of gross productivity is smaller than some constant A¥or z sufficiently
small we have {hus A + R < 0, i.e. type-A unemployment decreases when the
amplitude of the gross productivity cycle goes up. The same thing can be
shown for type-B unemployment. This establishes that the increase in the
amplitude of the gross productivity cycle increases total employment
1

if the workers' death probability is sufficiently small.



APPENDIX:

[

In order to derive (5), we shall first consider a discrete time version of
the model. In this version births and deaths only take place at the end of
intervals of fixed length.,
tequal tot = — (n> 1, ne N).

n
AT the end of each subinterval, workers die with a prebability of z.r.

Workers who die are instantaneously "replaced" by newborn workers who

immediately after their birth enter unemployment.

In order to obtain (5), we will "Ffollow" the evoluticn of a cohort of
b

unemployed workers through time.

Assume that during the time span of length { after the birth of the cohort,

interviews are conducted amongst its workers. In the discrete time version
of the model, a cchort of newborn workers consists of z.t.N workers (¥ being
the total workforce) of which a.z.7t.N workers are type-A workers and b.zZ.teN

are type~-B workers.

in equilibrium the number of  nterviewees equals the number of firms in each

labour market.

Interviewees are randomly allocated to firms.

N 4

cirms can conduct one interview every period of unitary length. it scens
plausible that a similar "capacity constraint" exists for workers too;

we assume that each worker can be interviewed once every period of

unitary length. Under the assumption that workers' interviews are evenly



distridbuted over time, a fraction 1 of all unemployed in each cohort is

interviewed in every subinterval of length t.

v LR

We will approximate this situation by assumir

r that at the beginning of each

sudinterval a fraction 1t of the unemployed of each cohort are randomly

selected for interviews. This implies that (r.pp).(a.z.r.N) type-A and
1

1

. o e
(tep. Jelbezer i) type-5 wo

[

kers are hired at the beginning of the first
lcd of the life of a cohort of newbtorns. Amongst those who are not

hired, a fraction {l-z1) enters market 2.

Dercte the point in time at which the cohort is born by T and the number of
uremploved type-A {type-B) workers in that cohort at T =T + ¢t (with ¢t » C),

i.2. when the aze of members of the cohort is t, oy A(T,t) (B(T,t)).
& ) L}

-3
we nave A(T + 1,1) = (I-z.1).(1-p .1).(acz.1.0)
&£

ani BT+ 1,1) = (l-:.r).(l—-‘“B.t)"(b.z.r.N) .
Similarly one obtains

AT + 2.7,2.7) = ((l—z.fr).(l~pA.r))2-(a.z.r.N)

B(’f + 2-'{',2.1‘) = ((l"‘Z‘T)e(l_pBoT;')z.(baZnTo}I)
ani - generaiizing -
<y AlT+icr,i.1) = ((l-z.r).(1—pA.T))l.(a.z.t.N)

B(T+i.t,i.1) = ((l—z.r).(l—pgor))l.(n.z.r.N)

~ /

Throwll 1 osuch that 1.1 €t (by assumptlon interviews are conducted 1n the

~
acnort during the time span of length t after its birth).

It the discrete time version of the model which has Just been presented,

unemployed have to wait 1 units of time after being interviewed (without



.

being hired) before they can be interviewved again.

In continuous time this waiting time tends to zero; i.e. a worker who has
been interviewed at an arbitrary point in time can be interviewed almost

immedistely later although the probability that this happens is

infinitesimal. Hernce in continuous time the number of unemployed type-A

A

< T+t is

Ui

fad

(type-B) workers in the cohort at 1 =T +

e R . , . Li{t - .

{7) A(T+t,t) = im k(lmzr).(l-pA.r)) (t,7)-1 “BeZ o Ts N

T-)O L———‘—- .—.,,.).

= A(7,0)
-\ } "Z\ot ™
=z e (IA*‘ J -A('.L',O)

. i _ lpotz)et oy T S S e a
and nilarly B(T+t,t) = e B B(T,0), where L{t,r) is the number of

the interval in which t lies if the positive real line 1s divided in
intervals of length t and if these intervals are numbered from the left %o
the right .(a)

A(T+t,%)

e
Jen
o
+3
-
ct
~——

i

By definition a(T,t) = =
v Y42 (T -
ACTE)+3(T,0) (T g)+B(T4t,t)

B(T,0) (pAnpﬁ).t
1+ ——— .e
A(T,0)
(&) Example: Let T = 2.3, Ty =1 and 1 = 0.5 then L(T ,t) = 5 and LI(T,1)

o o) N
= 3 (w.l.0eg. we assume that the intervals are c18sed to the left and

open Lo the right): 23

o il 2 4
¥ ¥
b

5
&

i Iy b 5

- L g

Intecval MR 4 3 32 ¥ £ é
Note that t/rwl < L{t,t) € t/t; hence
((1-z1)(L-p .)B/T ((1-z1)(1ep .t))B(E51) ¢ ((1-z1).
We have le%(l— ) {il-p 1)t/ = im( (1-z1). (1=p o))t/
t+0 @ 1+0 A (o
tlence Qim((l_ZT).(lmPA ’ lim((l«zr).(l~Pq»T))t/T = e ' Fp
>0 7+0 .

(1-p,.t))b/T.
T A

.
-
~
s
o~
C—L
“
-~y
—
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1 A(T,0)
and hence a(T,t) = as a = and
b (P —P )0t e o
14— .o ATB A(T,0)+B(T,0)
a
B(T,0)
b =
A{T,0)+B(T,0)

By assumption interviews cease to be conducted in the cohort at T+t.

One easily sees (using arguments similar to those which have Jjust been

used) that
A(T,T-T) = A(T+%,%).emZ(T“(T+t))
(111)
_ . (T (T
B(T,0-T) = B(T+t,3).e 2 T-(T40))

¥7 > T + %,

Illustration: evolution of A(T + t,t) over time (the slope of the
segment AB is -(z+pA), while that of the segment BC is -z).

;LQVA(?+gt)
&,A‘f, 0} &
Fig. 1.

(T14,
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—
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Assume now that after 1+t interviews are conducted intermittently, e.g. in the

A

following age intervals: (t,,t,), (t,,t,), (t

3oty )sees With

<ty



At any age t, the proportion of type-A unemployed in the cohort is a
function of the total number of periods during which interviews were
conducted in it before it reached age t, only.
This is due to the fact that when no interviews are conducted in the cohort,
death is the only reason for the reducticn of the number of its members; by
assumption the death probability is however identical Tor type-A and type-
N ~ A
workers. Hence the proportion of type-A unermployed at e.g. t € [t

equal to that in a cohort in which interviews are conducted in the age span

(0,8 + ((b=tp)).

Denote the length of this age span by t' (in accordance with the notation
used in {5)); graphically t' can be determined by measuring the total length

of the age intervals for which the slope of the graph of log A(T+t,t) is

~

- (pA+Z) in the interval [0,t]. Once t!' is known
~ N w~ o~ 1
a{T+t,t) can easily be determined: a(T+t,t) = . This

(p,-p_ ).t
1+b/a. )
proves (5). b/a.e ™A 7B



