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Abstract

This paper is about the labour market consequences of creative destruction with on-the-job
search. We consider a matching model in an economy with embodied technological progress
and show that its dynamics are profoundly affected by allowing on-the-job search. We obtain
that the elasticity of unemployment with respect to growth shrinks from 1.63 to 0.13.
Moreover, the underlying transmission channels change as the flow of obsolete jobs
practically disappears and is replaced by a flow of job-to-job transitions. These effects persist
even if employed job seekers are significantly less efficient in the search process than the
unemployed. Thus, we show that, rather than contributing to unemployment, creative
destruction induces a direct reallocation of workers from low to high productivity jobs. These
results could be strengthened by assuming that search efforts are unobservable by firms
which induces more on-the-job search. However, the action of worker is no longer surplus
maximizing and, hence, the worker’s welfare is increasing in the cost of search which acts as
a commitment device. Finally, we show that the model could be extended by allowing for
variable search intensity.
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| ntroduction

The relation between technological progress andl@mment has long been a popular
concern. On the one hand, it is commonly beliey»ad $low growth is one of the main causes
of high unemployment, as the recent history of [paem economies might suggest; on the
other hand, there are fears that new technologigghtndestroy existing jobs. These
contradicting views are reflected in the econontierature which finds opposite effects of
growth on unemployment depending on the natureaifriological progress.

If innovations increase the productivity of exisfijobs, i.e. progress is disembodied,
then a faster rate of growth leads to a lower dayiuim rate of unemployment. Indeed, higher
growth increases the net present value of newlgtecejobs without affecting job creation
costs leading to more employment. This is ¢hgitalization effect, Pissarides (2000, chapter
3.3). If, on the contrary, innovations only incredake productivity of newly created jobs, i.e.
progress is embodied, then growth and unemploymenpositively related as, after a while,
workers choose to quit their obsolete job and retarunemployment in order to find a more
lucrative position. This is thereative destruction effect, Aghion and Howitt (1994), on which
we shall specifically focus in this paper.

In an economy with creative destruction, newly fechmatches benefit from the best
technology available and, as a consequence, theestigvages of the economy accrue to
newly employed workers. As time passes, and asideutspportunities improve, the
attractiveness of a job declines. We would theeetxpect workers to engage into on-the-job
search before their position becomes obsolete. Mervéo the best of my knowledge, this
possibility has not seriously been consideredMeis is what | propose to do in this paper.

We extend the framework of Mortensen and Pissar{ii®98) that has adapted the
standard matching model of the labour market t@wallfor growth through creative
destruction. Hence, as in their paper, the proditgtof a firm is assumed to be determined
by its date of creation and technological progrebaracterised by the ever-increasing
productivity of newly established firms. Jobs ewatiy become obsolete when the wage that
an employer needs to offer in order to retain itgk&rs reaches its productivity. On-the-job
search reduces the expected value of a match tirtes its activity is destroyed when its
employee resigns. As surplus sharing is assumeddécreases the wage paid to the worker
who therefore partially bears the cost of job degton following a quit. Hence, workers only

start looking for other jobs once outside oppotiasi have sufficiently improved. This



reasoning implicitly relies on the assumption thdirm can observe its employee’s search
effort, an assumption that is subsequently relakaed.important to emphasize that on-the-job
search is allowed rather than imposed and, as aeqomence, its occurrence shows that
creative destruction provide a justification foetphenomenon. It is therefore natural and
legitimate to consider on-the-job search in a modekeative destruction.

As the model is not analytically solvable, we perfioa calibration based on
reasonable parameter values. We obtain that théveosnpact of growth on unemployment
is considerably reduced, although not reversedlloyving on-the-job search. The simulated
elasticity shrinks form 1.63 to 0.13 when the ergptb job seekers are as efficient at
searching for jobs as the unemployed. What is eweme surprising is that the main
transmission channel at work in the traditional atiree destruction model practically
disappears when workers are allowed to seek johite vémployed. Indeed, the flow of
obsolete jobs, which represents more than halblofdestructions without on-the-job search,
becomes negligible with. In fact, it is replaced &yflow of job-to-job transitions. The
intuition for this result is that unemployment cesi$o be a necessary step before moving to a
better paid position. Moreover, on-the-job seamdds to an increase in the maximum life
span of a match as workers have no incentive totlyeir employer to seek for a better one as
long as their income, net of search costs, is allozdevel of unemployment benefits. These
consequences of on-the-job search considerablyceethe likelihood that a match survives
until obsolescence.

It is interesting to note that even if employed gaekers are significantly less efficient
than the unemployed at searching for jobs, the atnp& growth on unemployment is still
considerably reduced by on-the-job search. Oubialon shows that, even if the employed
job seekers are only half as efficient as the uneyep, the elasticity of unemployment with
respect to growth is equal to 0.17, which is onlynarginal increase from 0.13. This is
explained by the fact that less efficient job sesks&tart searching earlier which helps to
maintain the obsolescence flow to a very low level.

The model is slightly modified if firms cannot obge their employees’ search effort.
Workers cease to have an incentive to postpone ¢héiy into the labour market in order to
qualify for the high wage of non-searching emplaydastead, they treat their wage schedule
as given and start prospecting for jobs earliesam as the benefits from switching to a new
job outweigh the search cost. In this version & thodel, on-the-job search is even more

widespread, which strengthens our previous resuifideed, the resulting elasticity of



unemployment with respect to growth is less thdn 8ven when employed job seekers are
only half as efficient as the unemployed in thede@rocess.

With unobservable search effort workers start $gagctoo soon to maximize the
match surplus and, thus, their welfare. The costeafrch is the only thing that prevents them
from beginning to apply for jobs earlier. Hencerguxically, the value of employment to a
worker is increasing in the cost of search whidis as a commitment device.

It might seem reasonable to assume that the se#iat of workers is not observed
by firms. We nevertheless initially assume the @ifgoas this is the possibility that involves
the smallest amount of on-the-job search and, therethe least likely to support our
conclusions. Also, we might reasonably expect fitm&know about the search activity of
their employees with some degree of confidence.dxample, an employer could find the
CV of his worker in an employment agency or on liiternet. Also, a firm can guess that a
worker who unexpectedly takes a day off in the rnadif a week is likely to be going for an
interview. The two versions of the models shouktdifiore be seen as two benchmarks where
reality is lying somewhere in between.

Creative destruction models of the labour marketehaften been criticized on the
basis of the lack of empirical evidence of a pusitimpact of growth on unemployment. A
first answer to those critiques was provided byt&léginay (2002) who argued that the short-
term dynamics of an economy with creative destomctire markedly different from those of
the steady state. He showed that, following a swudherease in the rate of growth,
unemployment initially responds by a substantialide. Thus, the positive impact of growth
on unemployment is only a long-run phenomenon arsthould be tested on that basis. By
considering the possibility of on-the-job searcle provide another defence of the creative
destruction hypothesis. Indeed, the prediction, teaén in the long run, there is almost no
correlation between growth and unemployment isagdst easier to reconcile with the data
than the strong positive correlation that typicalhses without on-the-job search.

Hence, our findings should qualify the results &fsBrides and Vallanti (2006) who
estimate that nearly all technological progressfishe disembodied form. They argue that
even a moderate amount of embodied progress isampatible with the negative elasticity
of unemployment with respect to growth which theyfin their data. Our results might also
cast doubts on the work of Hornstein, Krusell antlante (2007) who propose an
explanation for the rise in European Unemploymentesthe 1970’s based on an acceleration
of embodied technological progress. Our findingggast that accounting for on-the-job

search could significantly reduce their simulated i European unemployment.



This paper comprises six sections and a concludiba.theoretical model is derived
in the first section. Then, as it is not analytigalolvable, a calibration is undertaken; before a
sensitivity analysis is performed. The model is ified in the forth section by assuming that
search efforts are not observable. In the fifthtisac we derive the key characteristics of a
more general model that allows for variable seanténsity. Finally, in the last section, we
briefly consider the consequences of having thelle¥ unemployment benefits determined

by a replacement ratio.

|/ Thetheoretical model

Following Mortensen and Pissarides (1998), we siedlme that, in order to produce, a firm
needs to employ one worker. As time is continuaesyuiting expenses, due to search
frictions, are modelled as a flow cost that hade¢opaid while the job is vacant. Free entry
implies that, in equilibrium, the value of a nevdgened vacancy is nil. When a firm fills its
vacant position it adopts the most recent technolagailable. This choice is assumed
irreversible and, hence, the same technology \aiehto be used throughout the existence of
the match. Technological progress is therefore adtarized by the ever-increasing
productivity of newly established firms.

Irreversibility of investment implies that wagesigpdy firms erode over time in
comparison with outside opportunities availabletios labour market. This eventually leads
to job obsolescence as the wage that an employaldweeed to pay in order to retain its
worker exceeds its productivity. On-the-job searchllowed, but its occurrence reduces the
value of a match since a firm ceases its activifemvits employee quits for another job. As
wages are assumed to be determined by surplushghdhis cost of on-the-job search is
partly internalized by workers who therefore onhpose to start seeking for other positions
once outside opportunities have sufficiently immady This leads us to consider that, after
having worked for the same firm far' units of time, workers start searching on thegob
that, afterT", they resign and return to unemployment. Thusptieg by 7 the date of job
creation, there are two periods of interest:

e t0O[r,7+T"), when the worker is not searching;

e td[r+T',7+T"), when the worker is searching on the job.



The unemployed are typically more efficient atrsbing for jobs than the employed.
We therefore denote by the efficiency of employed job seekers, relatwéhte unemployed,

in the search process; and we could reasonablyidaynshat s [01] Hence, market

tightness is given by the following ratio:

g=—Y
u+sle

(1)

wherev denotes the number of vacanciasthe number of unemployed amdhe number of
employed job seekers. For simplicity, the workingpplation is normalised to one. The
number of matches per unit of time is given byftiwing matching function:

m(u +sle,v), (2)
which is increasing and concave in both of its argnts, it is equal to zero if any of its
argument is nil and it satisfies the standard Ineoladitions. We further assume that it is

homogenous of degree one, implying that the ratehath vacant positions become filled is:

MU %Y < mye e
=q)
Note that the functiom is decreasing. The rate at which unemployed meetayers is:
m(u +se,v) _ m(L6)
u+se : (4)
=&(6)

Clearly, the corresponding rate faced by emplopbdspekers is&y(6 .)
We assume that the wage rate is determined byususplitting at each instdntLet

W(r,t) and J(7,t ) denote the asset value (i.e. the present valegpscted income) dt of a
job match created at to a worker and to a firm, respectively; similayt) andV (t ) stand
for the asset value atof unemployment and of a vacancy, respectivelywAsshall soon see,
W(r,t) and J(7,t ) are both functions of the wage rat(z,t , which is itself indexed by the
date of job creation7, and current timef. Surplus splitting implies that this wage rate is
determined by:

W(z,t) =U(t) = BW(7,1) + I(7.H) ~U (1) -V ()], (5)

! Shimer (2006) proposes a derivation of wages fstrategic bargaining in the context of on-the-jefarsh.
Although it is more satisfactory to rely on suchcroifoundations, the derivation is fairly complékwould
therefore make the model much heavier, but woulditdiely to yield any additional insights to thelation
between growth and unemployment.



where £ is the worker’'s share. We shall consider the twaoqals of interest separately,
denoting by w™(7,t ) the wage prevailing without on-the-job searchiatett for a job
created atr , and byw®(7,t )the corresponding wage with on-the-job searchsThu

w™(r,t) if tO[7,7+T")

o R (6)
wi(r,t) if tO[r+T,7+T")

w(7,t) = {

Productivity at timet on the technological frontier is denoted lpyt . Assuming a
constant rate of technological progregs,we have:

p(t) =e?
= p(r)e”* ™

(7)

where we normalizep(0) = .1As we shall see, the productivity of a firm ceshta 7 is

determined by the best technology available atrgation; it is therefore equal to(7 . )
A/ Wagerate before on-the-job search, t O[7,7 +T')

The asset value at of a job created ar to a worker satisfies the following Bellman
equation:

FW(T,t) = W™ (7,t) + U (t) ~W(z,t)]| +W(7,1), (8)
where r is the discount rate and the rate of the Poisson process that determines th
occurrence of exogenous shocks that lead to jobruddi®n. This equation states that the

interest perceived from employment over a unitrokt rw(z,t), are composed of the salary,
w™(7,t), the (negative) expected gains associated to agehaf status from employed to
unemployed,J(U () —W(r,t)), and the capital gain®y(z,t . This capital gain term is part of
the Bellman equation as, even in steady stateasket value of employment changes over
time. Indeed, as a firm gets older, obsolescente ¢eser and the value of employment

evolves toward that of unemployment. Similarly, #sset value at of a match made at to

a firm satisfies:
rJ(z,t) = p(r) ~w™(z,1) + 8V (t) - I(z,0)] + I (7,1), ©)
where, from the assumption of irreversible investinghe productivity of a firm,p(r ) is

determined by the technology available at its coeat

The asset value of unemployment solves:

ru(t) = p(t)b + &)W (t,t) U (1)] +U (1), (10)



where p(t)b denotes the opportunity cost of employment, whiclild be thought of as
unemployment benefits, andf (t,t) —U (t i9 the capital gain obtained if a job is found g¥hi
occurs at the Poisson rate given by (4). The woskgpportunity cost of employmenp(t)b,
is increasing with time as, otherwise, we would Im¥e a steady state with a constant rate of
unemployment which would be counterfactual. Alsaemployment benefits could
reasonably be assumed to be equal to a fixed propaf the average wage in the economy,
justifying the indexation on the current level obguctivity.

Finally, the asset value of a vacant position Bafis

V(1) =-p)e+q@)IEH -VD]+V ), (12)

where p(t)c is the flow cost of advertising the vacancy ahd,t) -V (t is Jhe capital gain
obtained when the vacancy is filled which occurghat Poisson rate given by (3). Again,
stationarity requires that the flow cost of adwasinent is indexed on productivity which is a

reasonable assumption to make. Imposing free emteymust haveV(t) = QOat all time;
implying:

3@ty = POC (12)
(o)
This equation states that the value of a new matc¢he firm must compensate the expected
cost of advertisement that needs to be incurredder to fill the position.

The surplus sharing rule assumed for wage detetimmd5), could be rewritten as:

W(r,t)-U(t) = %J(r,t) : (13)
Combining this sharing rule at tinre=t with the asset value of a newly matched firm, (12)
we obtain:
W) -U () = pt)—L——S . (14)
1-4q(6)
This could be substituted into the equation forabget value of unemployment, (10), to give:
ru(t) = p(t){b + 1_'8ﬁ CH} +U(t). (15)

The first term of the right hand side of the equattorresponds to the worker’s reservation
wage. It is larger than the level of unemploymesndfits since an unemployed worker can
expect to obtain a lucrative job. Thus, the secarthtof the reservation wage is just the

value of a new position to the worker, given by )(1dultiplied by the probability of



obtaining such position in any unit of timéy(@ . A worker not engaged into on-the-job
search refuses to work for a salary smaller thandsgervation wage.

The wage rate is obtained by substituting the apgdtions (8), (9) and then (15) into
the sharing rule (13) and by noting that the slgaruie also applies to the capital gains. This

gives:

w™(7,t) = Bo(r) + - B) p(t){b + 1_'8ﬁ CH} . (16)

The wage is a weighted average of the firm’s praditgtand of the worker’s reservation
wage. It typically increases at a rate that is slothan the rate of technological progress as
the employer imperfectly compensates its employeettfe improvement in outside labour

market opportunities.
B/ Wageratewith on-the-job search, tO[7+T',7+T")

The value att of a job created at to a worker who is seeking for outside opportesitis
given by:
rW(7,t) = Wi(7,t) - p(t)sa + AU (t) ~W(z,t)] + s&(@) W (t,t) —~W(z,t)] +W(z,t), (17)
where p(t)so denotes the opportunity cost of on-the-job sedcctthe worker which, for
stationarity, is indexed on productivity. It is @lseasonable to assume that search is more
costly when employed job seekers are more efficihich justifies the cost being
proportional tos. In comparison with the corresponding equatiorhaut on-the-job search,
(8), two new terms are added. One is the cost @hefob searchp(t)so, which could be
assumed to be small relative to other variableg;tha other is the capital gain obtained when
moving to another jobW(t,t) -W(z,t ,)multiplied by the Poisson rate at which such new
jobs are found by employed job seekes&y(€ . Similarly, for a firm, the asset value tabf
a match made at satisfies:
rJ(r,t) = p(r) - w*(r,t) - A(1,t) - s&y(O) I (r,t) + I(7,1), (18)
where free entry is assumed. The value of unemploymestill given by (14) and the sharing
rule, (13), still holds.
Substituting (17) and (18) and then (14) and {f&) the sharing rule (13) and noting
that this rule also applies to capital gains, tlagevrate that prevails with on-the-job search is:

10



W (7,1) = Bp(r) + (L B) p(t){b +s0+(1- s)%c@} . (19)

If employed job seekers are as efficient as thenyh@yed at searching for jobs,=1, then
the wage is independent of outside labour marketlitions, i.e. it is independent & . This

is explained by the fact that returning to unempient yields unemployment benefits, but,
unlike in the case without on-the-job search, gglaot open the possibility of finding a more
lucrative job, which has a value increasing én as this possibility already exists while
employed. Thus, whes = , the worker’s reservation wage is equalg@)(b+oc whereo

is the cost of searching that does not need taalzbwhile unemployed which explains why it
is part of the gain associated to returning to ysleyment. When employed job seekers are
not as efficient as the unemployed at searchingolos, s < 1, then the worker’s reservation
wage is a weighted average of the two extreme oabese s= 1 i.e. the two types of job
seekers are perfect substitutes in the searchgspaad wheres= 0i.e. on-the-job search is
not possible. Finally, by comparing (16) to (19)sitapparent that searching while working

reduces the wage paid to the employee provided that

o< A cl. (20)
1-8

As we shall see in the resolution of the model thras out to be a necessary and sufficient

condition for on-the-job search to take place befarsolescence.
C/ Solving for the equilibrium

We now need to work with value functions in ordedetermine when the workers chooses to
start searchingr +T', and to resign7 +T", such that the value of his job is maximised. The

value of a match of vintage to a worker shortly after its creationg 7 +T', is given by:

T+T'

W(z,t) = J'e"”")(“’t) [W”S(r, u) + U (u)]du

T+T"
+ Ie_(r+6)(u—t)—Sa](5)(U_(r+T')) [WS(T, U) _ p(u)so. +U (u) + Sm(e)w(u, U)]du ' (21)

T+T'

+ @ (FFOTHT'=)=s&(O)(T"-T') 4 (r+ T")

By differentiating this equation with respectTo, it is straightforward to check that the first

order condition for the optimal time to start séémg on the jobs +T', is given by:

WS(r, 7 +T) =W (7,7 +T') = p(r + T')so + s&O\W(r +T',7 +T') -W(z,7 +T")]. (22)

11



This is rather intuitive as it indicates that séabegins as soon as the instantaneous benefit
from searching, the right hand side, equals theesponding cost, the forgone wage of the
left hand side. The benefit from searching are amseg of the corresponding wage net of the
search cost and of the expected capital gain fioding a new job.

Since the surplus is shared in fixed proportiosisveen the employer and the worker,
the problem could also be analysed from the firpesspective. The value of a match of

vintager to a firm shortly after creatio, <7 +T", is given by:

T T+T"
I(r.t)= [ [p(r) —wr(r,u)ldu+ e D0 smOeT o) —we(7,u)jdu (23)

t +T'
The value equation of the worker being much moregated than that of the firm, it is
easier, for computational purposes, to work with|dtter. Now, the first order condition for
the optimal time to start searching on the job,T', is given by:
wWo(r, T +T) =wW(7, 7 +T)+s&(0)I(r,T+T'). (24)
This equation states that on-the-job search begiven, from the firm’s perspective, the cost
of having an employee who is not searching, i.e. lgft hand side, equals the cost of
employing a job seeker, i.e. the right hand sidéene this latter cost comprises the
instantaneous probability of loosing the positigset value of the job.
Note that the two first order conditions, (22) af#l), are equivalent. We can
therefore deduce that' satisfies:
p(r+T"o
&)

The worker decides to start searching as soondhe\of a new job net of expected search

W(T,r+T)+JI(T,7+T)=W( +T',7+T") - (25)

costs, the right hand side, equals the value ofntagch, given on the left hand side. This
cannot be efficient in general as the worker faoldake into account the benefits that the
newly matched firm derives from his search activitigus, efficiency requires:
p(r+T")o
&)

In fact, it could be checked that the amount oftltejob search is efficient if and only if

W, T+T)+ (1, 7+T)=W(T+T,7+T)+I(T+T',7+T') - (26)

£ =1. In order to see this, the previous two equatiomsld be rearranged by subtracting
U (t) from both sides, by using the surplus sharing (L&) and, finally, by multiplying both
sides by(1- £ ) Applying these transformations, (25) could berr#an as:

n , , p(r+T")o
J(r,7+T) = T 7r7+TY-1-8)————. 27
(r,7+T)=RT+T',7+T)-(1-5) 2(0) (27)

12



Similarly, (26) is equivalent to:

. , , p(r+T"Yo
J(r,r+THY=J T, 7+7THY-0-8)——.
(r,7+T)=3(+T 7+T)-Q1-p) 2(0)

When S is equal to 1, the firm gets no surplus from thetah and therefore

(28)

J(r+T',7+T")=V(r+T')=0. Hence, the failure of the worker to take into ot the

benefit that the newly matched firm derives frors bearch activity does not mafteote
that this efficiency condition is not specific thet context of creative destruction and was
originally derived in Pissarides (1994).

For the purpose of solving for the equilibrium bétmodel, the first order condition

(24) could be simplified to:

T+T"
ed™ [_1 B 7 co- a} =&(0) j g (rorsAENu-(r+TY) {1— gdtu™?) (b +so+(1-9)
+T'

where the integral could be solved explicitly. ppaars clearly from this equation that on-the-

B
m CHJ:|dU ,(29)

job search occurs if and only if condition (20ptstg that the cost of on-the-job search is not
too high, is satisfietd As this condition is reasonable, it is natural é&gitimate to allow on-
the-job search in an economy with creative destract
Using the value function of the firm, (23), forglicity, the first order condition for
the optimal date of resignation+T", is:
p(r) =w(r,7+T"). (30)
Note that there is no problem of dynamic inconsisye The firm wants to destroy the job
when the wage rate reaches its productivity lesglyucing the surplus to zero. Condition (30)
simplifies to:
p(r) = p(r +T"){b+sa+ (1—5)%08] (31)
The condition of optimality states that the matciis when the worker’s reservation wage
reaches the productivity of the match. Solving &xgy for T", using the formula for

productivity growth, (7), we obtain:

T =1 L . (32)

9 b+sa+(1—s)1f3ﬁce

% Note that there cannot be a well-behaved equilibrivhen 5 =1 as firms only post vacancies if their profits
from forming a match cover their recruiting costs.
® Note that if (20) does not hold we can considat ' =T" .

13



An interesting result is that when both types df geekers, i.e. the unemployed and the
employed, are equally efficient in the search pseceée.s= 1the maximum life span of a
job is independent of market tightnegs, Indeed, as returning to unemployment does not
increase the likelihood of finding a more lucratjeb, a worker remains in employment until
unemployment benefits reach the productivity offiha net of search costs. On the contrary,
when on-the-job search is not allowed or when egygulgob seekers are not as efficient as
the unemployed at finding jobs, i.e< , then the maximum life span of a job is decreasing
in market tightness. This is explained by the fédt market tightness, which improves
employment prospects, has more value to an unemglayho is searching very efficiently,
than to an employed job seeker. Finally, note tloata given market tightness, the maximum
life span of a job is increasédy permitting on-the-job searth
Finally, the equilibrium market tightnesg,, could be determined by equation (12)

which could be written as:

1 c _ ]’e“”")“ {1— eg“(b +Lceﬂdu

1-4a(6)

-

+ J'e‘(”‘”“‘%“(g)‘”‘T') 1-e%|b+so+(1- s)ice du
T 1_ IB

: (33)

where, again, the integrals could be solved explici

The equilibrium is characterised Ky ', T",6 , Which is the solution to the system
composed of equations (29), (32) and (33). The waggeis then given by equations (6), (16)
and (19).

D/ Job flows and equilibrium rate of unemployment

The rate of unemployméhtu, and the number of employed job seekers;ould be deduced

from the job flows induced by the model. Job crattould either be due to the hiring of an

* The increase is strict provided (20) holds; otligevallowing on-the-job search does not changehamytat all
as the worker never chooses to engage into it.
® In the standard creative destruction model wittmuthe-job search, the maximum age of a job atruaietion,

T", is determined byp(7) = W™(7, 7 +T"), giving:

1
b+’8c6

T =1

® The working population being normalised to one, ridite of unemployment is also the number of uneyeul.

14



unemployed, which occurs at rafg(d)u(t , 9gr to the hiring of an employed job seeker, at
rate s&y(6)e(t ). Thus, the number of new jobs created at tm€(t), is given by:
C(t) = &q(O)[u(t) + se(t)] . (34)
The flow of obsolete jobs at is equal to the number of job createdtatT”,

C(t-T"), multiplied by their survival probability fromt—T" to t which we shall now

compute. For a job created at time the probability to survive untit +T' is equal toe™"
since the arrival of job destruction shocks is givey an exponential distribution with
parameter 0. Opportunities to move to another job are distebuaccording to an

exponential distribution starting at timre+ T' and with parametes&(@ .)Thus, in order to
survive until timezr +T", the job should not be destroyed, which is saiikfivith probability
e, and the worker should not find another job, whishsatisfied with probability
eSO The two events being independent of each otherptobability to survive until

n

r+T" is given by e =€) — Thys, the obsolescence flow is equal to
C(t—T")e o saOT-T)

Job destruction could either be due to an adveregemous shock, which occurs at
rate S(L-u(t)), to job obsolescence, at raBét —T")e ™ AETT) "or to the resignation of
an employed job seeker, at ratéy(d)e(t . )

The flow into unemployment is either due to obscéese or to the occurrence of
exogenous shocks, whereas the outflow is due tditiveg of unemployed workers. Hence,

the evolution of unemployment is determined by:

u(t) =e SOt -T") + o - u(t)) - &(O)u(t) . (35)
The flow into the set of employed job seekers isakdp the number of jobs createdtatT’
that survive untilt, e C(t-T'), whereas the corresponding outflow is either doie t

exogenous shocks that lead to job destructiorhgodsignation of employed job seekers who
receive outside offers, or to obsolescence. Tlngsevolution of the number of employed job

seekers is given by:

&t) =e T Ct-T") - &(t) - s&(O)e(t) - “HATTIC(E-T"). (36)
The rate of unemployment and number of employed gekkers in the steady state
equilibrium, i.e. withC(t) =C, u(t) =u and e(t) =e for all values oft, is obtained by

simultaneously solving (34), (35) and (36).
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|1/ Calibration

As the model is not analytically solvable, we shall now find numerical solutions under

reasonable parameter values. Adopting a Cobb-Douglas matching furgctisrgf the form

q(6) = 67° . Using the same calibration as Postel-Vinay (20@)cept foro which does not

appear in his model, we assume the parameter values of Table 1.

We shall now focus on the impact of growtl, on the equilibrium of our model for

different values of the search intensity of the employed job seekeWe report results for
the cases where both types of job seekers are equally efficient in the search @ecess, 1
where the unemployed are twice as efficient as the employed job segkers,, and).5or
reference, where on-the-job search is not allowed, . Auably, the intermediary case,
s =05, might be the most realistic calibration. Solving for the equilibrium under the chosen
parameterization, we obtain the results of Table 2. It is also interesting to compute the job flows
induced by the model. These are given in Table 3.

We observe that allowing on-the-job search considerably reduces the positive impact
of growth on unemployment; indeed the growth elasticity of unemployment shrinks from 1.63
to 0.13 when the employed job seekers are as efficient at searching for jobs as the
unemployed. What is even more interesting is the modification of the labour market dynamics
that occurs when workers are allowed to seek jobs while employed. When on-the-job search
is not permitteds= Qthe main explanation for the positive correlation between growth and

unemployment is the flow of obsolescence, which, as can be seen from the Table 3, is

" Note that this parameterization is close to that chosen by Pissarides and Vallanti (2006).
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responsible for over half of the job destructions. Allowing on-the-job search does not only
reduce the obsolescence flow, it almost suppresses it. This is due to the combination of the
large increase in the maximum life span of a maich, and of the possibility to move to a
better paid job without intervening unemployment. Thus, in this context, a new match has a
very low probability to survive until obsolescence. It is also interesting to note that the
possibility of on-the-job search has important labour market consequences although only a
minority of employees choose to engage into it,e.eemains below 10%.

We observe that the obsolescence flow is replaced by the flow of job-to-job
transitions. This latter flow, contrary to the former, does not feed unemployment. In fact,
when s= 1 the small positive impact of growth on unemployment is not due to job
obsolescence. Instead, faster growth makes on-the-job search more attractive, which increases
the number of employed job seekers. This decreases market tightness and, hence, the hiring of
unemployed. This modification of the transmission channels at work shows that on-the-job
search profoundly changes the dynamics of the matching model with creative destruction.

When employed job seekers are only half as efficient as the unemployed at searching
for jobs, s= 05 we might expect the growth elasticity of unemployment to be the average of
its value whens= Qi.e. 1.63, and whers= ,1.e. 0.13. Surprisingly, we observe that it is
equal to 0.17, only marginally higher than wher . Eten when on-the-job search is not a
perfect substitute for unemployment search, the obsolescence flow is considerably reduced by
the presence of on-the-job search. In fact, workers compensate their lower efficiency by
starting to search earlier. Figure 1 displays the relationship between the elasticity of
unemployment with respect to growth and the search efficiency of employed job seekers
relative to the unemployed, i.s.

As can be seen from the first table, allowing on-the-job search decreases the
equilibrium rate of unemployment. This is essentially due to the decrease in the obsolescence
flow. Indeed, on the job creation side, the rate at which unemployed are hired hardly changes
as market tightness hardly changes. The evolution is therefore due to the large modifications
that occur on the job destruction side.

As the outcome of a creative destruction model with on-the-job search contrast sharply
with that of a model without, our results should seriously qualify some applied work realised
on the topic. Pissarides and Vallanti (2006) argue that nearly all technological progress is of
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the disembodied form. They estimate from a panel of OECD countries that the elasticity of
unemployment with respect to growth is equal to -1.49 in the United-States and to -1.31 in the
European Union. Using a matching model of the labour market that allows for both embodied
and disembodied technological progress, they argue that even a moderate amount of creative
destruction could not be compatible with the observed negative correlation between growth
and unemployment. The positive impact of growth on unemployment induced by the creative
destruction effect is so strong that it could hardly be compensated by the negative impact
induced by the capitalization effect. Clearly, allowing for on-the-job search should
significantly alter those results in favour of the creative destruction hypothesis.

Our findings might also qualify the work of Hornstein, Krusell and Violante (2007)
who argue that half the rise in European Unemployment since the 1970’s could be explained
by the combination of labour market rigidities and an acceleration of embodied technological
progress. Although we do not consider any interaction with policies, our findings suggest that
allowing for on-the-job search would reduce their simulated rise in European unempfbyment

|11/ Senditivity analysis

In the previous section, when performing the calibration, we have implicitly assumed that
allowing on-the-job search does not affect the deep parameters of the economy. While this is
reasonable for most parameters, we might expect the existence of employed job seekers to
affect the elasticity of the matching functioa,. Also, on-the-job search might change the

share of the match surplus allocated to workgts, The elasticity of unemployment with
respect to growth is given in the Table 4 for different valuesrofand S, where the

calibration of the other parameters is left unchanged, where andiwhere the elasticity is
edimated as growth increases from 3% to 4%.

Recall that in the benchmark case, i@= & B = 04, without on-the-job search

this elasticity was equal to 1.63. This sensitivity analysis suggests that, for a fixed share of surplus

8 It should nevertheless be noted that their model differs from ours in that technological progress is embodied in
capital rather than in labour.
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allocated to the worker, a decline in the elastiot the matching functiong , should not
seriously qualify our results. It seems that ondiings would only be invalidated if permitting

on-the-job search has a very large positive impadhe worker’s shares .

Another parameter of interest is the opportunagtmf employmentp. Although it
should not be affected by the possibility of on-fhie search, the chosen calibration for this
parameter could potentially have a large impacthenresulting equilibrium. Indeed, in order
to keep the obsolescence flow to a very low lewes, necessary that workers prefer to search
for jobs while remaining in employment rather tharoose to become unemployed. If the
opportunity cost of employment is high, due to gens unemployment benefits for example,
then workers on low productivity jobs will quicklghoose to resign. Note that these
considerations could be highly relevant for intéior@aal comparisons to the extent that this
parameter is likely to differ substantially acrassintries.

If we double the parameterized valuelnfand set it equal to 0.6, while leaving the
rest of the calibration unchanged, then the eliagtod unemployment with respect to growth
becomes equal to 3.43 without on-the-job search B8 with. As expected, the larger
impact of growth on unemployment is essentially daea significant decrease in the
maximum life span of a jobl", which with on-the-job search becomes inferio® tgears for
a growth rate of 4%, implying a non negligible dlesacence flow. It should nevertheless be
noted that allowing on-the-job search still causesimost threefold decrease in the impact of

growth on unemployment.

|VV/ Unobservable Search Effort

So far, we have implicitly assumed that the empésysearch effort was observable. Indeed,
if the firm cannot know about the search activifyits employee, then, given the wage
schedule (6), the worker has an incentive to devmt starting to search earlier. Note that
these considerations entail that on-the-job seiarefren more widespread than we previously
obtained and this should only strengthen our maitirigs from the previous section.

As could be seen from the first order conditionsTo, (22) or (24), it is the decline in

wage resulting from on-the-job search that prevémsworker from starting his job seeking

° Note that, from (16), the initial wage at timesclose to 0.87, which should be compared to tipexpnity
cost of employment of 0.6.
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activity earlier. But, with unobservable searchodff he takes the wage policy (6) as given,

where 7 +T' corresponds to the time when the firm thinks therker starts searching, and
decides to start applying for jobs Bt T, as soon as the corresponding instantaneous benefi
outweighs the associated cost. THUsis determined by:

sOW(T +T,7+T)-W(r,7+T)|= pr +T)so . 37)
The expected capital gain on the left hand sideesponds to the benefit from search, while

the search cost is on the right hand side. Inianaltexpectation equilibrium, the firm’s belief

has to be confirmed by facts andBo=T . Hence, in equilibriumT" is determined by:

W +T,7+T)-W(r,7+T') _
o) p(r+T) -

(38)

Note that these considerations about the obseityalmf search effort only affect the
determination ofT'. Thus, equation (38) replaces the first order @ for T', (22) or
(24), while the rest of the model remains unchanged

As wages are still determined by surplus sharimg worker would prefer search to be
observable as the resulting optimal strategy léadsurplus maximization. However, given
the wage schedule established by the firm, he ¢armomit not to search before the time
that maximizes total surplus. Hence, the searclvsgrwability problem could also be viewed
as a lack of commitment problem.

Is the amount of search effort chosen by the woekigcient in this new framework?
The efficiency condition for the model is still @i by equation (28). This could be compared
to equation (38) which, after using the surplusrisigarule (13) and some rearrangement,

gives:

1-B p(r+T)o
B &)
Comparing this equation to (28), it appears thatieficy either requireg3 = ,las before, or

J(T,r+TY=J(r+T,7+T") - (39)

o =0. If job search is costless, then the worker stapgying for new positions as soon as
he is recruited, and this is efficient. Howeverjalb search is costly, then the worker is the
only one to pay for this cost which leads him tos#a level of effort that is too small to be
efficient, unlessg = 1

Note that, to perform numerical simulations, itmsich easier to determing’ from
(39) than from (38) as the value function of thenfi (23), is much simpler than that of the
worker, (21). We will nevertheless subsequentlyirtierested in the welfare of the worker,

which requires determiningV  (0,0)The difficulty comes from the fact that the valok
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unemployment,U t(,) and of a new positionWW t { ,,)appear in the value function of the

worker, (21). The problem could be overcome by relying on the steady state properties of the

model. First, it could be deduced from the value functions that:

U)=ptl @), (40)
and:
Wi.t)=ptw(©0). (41)
Hence, U (t) = gU (t) , which, when combined with the Bellman equation for unemployment,
(10), implies:
U (0) = 2 A OW 00 (42)
r-g+m(o)

Finally, W (0,0) could either be computed by using (40), (41) and (42) in the value equation

of the worker, (21), for a new match formed at O, or from the surplus sharing rule (13) at time
0:

W (00) = %J 00)+U (0), (43)

where J (0,0)is given by (23).

We now give the result from a calibration of the model. We keep using the same
parameter values as before which are given in Table 1. Solving for the new equilibrium, were
we recall that only the equation determinim§ has been changed, we obtain the values of
Table 5. It is also interesting to compute the job flows induced by the model. These are given
in Table 6. The main difference with the results obtained under observable search effort is
that on-the-job search begins much earlier. In the previous case workers were not applying for
jobs before, at least, five years of tenure, whereas now they all are on the job market within
a year of recruitment. Consequently, the fraction employed job seekers in the population,
which was previously inferior to 20%, is now larger than 50%. Firms react by posting

more vacancies.
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This reaction is strong enough that market tightness does not decline by much. Finally, it
should be noted that, as expected, considering unobservable search effort reinforces our main
result according to which allowing on-the-job search considerably reduces the elasticity of
unemployment with respect to growth, which, even when , i®.50ow inferior to 0.1.

As we previously mentioned, the search unobservability problem could also be viewed
as a lack of commitment problem. An interesting, and perhaps surprising, consequence of this

is that the welfare of a worke¥y  (0,0is increasing in the cost of search, as shown by the
solid line of Figure 2 whers= 05g = 003 and the rest of the calibration is still given by

Table 1.The age of the match from which the worker starts seeking outside employment
opportunities, T, is shown in Figure 3.

At the end of the interval, whea =  04436n-the-job search is so costly that the worker
chooses not to engage into it and, hence, it could be checked@'that’. It should also be
noted that, although not visible in Figure 2, the welfare of the worker is maximised slightly
before on-the-job search stops occurring.

When job search is observable, the cost of search only reduces the joint surplus from
the match and therefore reduces the welfare of the worker, as shown by the dashed line of
Figure 2. With unobservable search, the worker would like to commit no to start searching
before a distant future in order to increase the match surplus. In this case, facing a high cost of
search is the only way to credibly signal to his employer that he will not start searching for a
job too soon. The search cost therefore acts as a commitment device.

A practical consequence is that workers have an incentive to make job search difficult
and expensive in a way that could be perceived by their employer. This could probably
explain why employment contracts often specify that workers have to give their employer
several months’ notice of their intention to resign before they can quit. More importantly, it
could lead to back loaded wage-tenure contracts. Stevens (2004) was the first to point out, in
the context of the Burdett Mortensen (1998) framework, that wage profiles increasing in
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tenure could be used to reduce on-the-job seardth Wage posting, it is indeed in the
interest of firms to offer these contracts in ortiemcrease their monopsony power. It should
be emphasized that allowing these wage policieseléare decreasing for workers. On the
contrary, in the framework of this paper, with dugpsplitting, back loaded wage-tenure
contracts would be favoured by workers (at leasttapa point). Finally, it should be
emphasized that these considerations are not gptcthe context of creative destruction and
should also apply to simpler models of on-the-jelrsh with surplus sharing (e.g. Pissarides
2000, Chapter 4).

V/ Variable search intensity

We have so far assumed that workers either do eathk or do search with intensigy A
consequence of this characterisation is that a #imT', when workers re-enter the labour
market, their wage suddenly slumps. This is noy vealistic. The purpose of this section is
therefore to generalise the model by allowing fariable search intensity. We derive the
main characteristics of the equilibrium implied thys extension. Note that, although this
generalisation should make the model more realistshould not affect our main findings.

Let s(7,t) = s(t —7) denote the search intensity of a worket &r a match created at

7. We now assume that the cost of search is givem Isyrictly increasing and convex

function of search intensityg(s , Where we impose that:
o(0)=0'(0)=0. (44)
We therefore rule out any fixed cost of searche denote byG(T) =P(t-7<T )the

cumulative distribution of job tenure, i.e. the Ipability that a given job was created less than

T years ago. The average search intensity acrogmthdation is therefore equal to:

5= Tfs("l:)dG('I?). (45)

0
Note that the parametdr’ naturally disappears from this version of the nhpilés replaced
by the time varying level of search intensity chod® the worker. For the model to be
interesting, we also need to consider the intensitih which an unemployed searches for

jobs, which we denots,. Market tightness is now defined a follows:
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6= m (46)
When expressed in terms of market tightness, thtehimg function remains unchanged. The
Bellman equation for the worker’s value of employrnis now given by:
W(z,t) - pO)a(sit - 1) + U (t) —wm]}

) (47)
+s(t - 1)@O)W (t,t) W (7, t)] +W(T,1)

rwW(r,t) = max{

s(t-7)=0

Similarly, assuming the same cost function for thmemployed as for the employed, the

Bellman equation for the value of unemployment is:
U (1) = maxp(t) - p)a(s;) + SQUEW(L) U ®] +U 1)) (48)

Using the same steps as in the first section, wéatderive the following wage equation:

wW(7,t) = Bp(r) + A~ B) p(t){b —0(8y) +o(s(t — 1)) + (s, —s(t - T))%fzﬁ} . (49)
Note that, asT’ was replaced by the time varying search efforf ttage equation applies
throughout the duration of employment, i.e. for any{z,7 +T").

If search effort is observable, then it is reflelcte the wage. The wage equation, (49),
should therefore be substituted into the workegki® of employment, (47), before we could
derive the following first order condition:

a(G) W(t,t) -W(r,t) o
B p(t)
where the equality hold strictly whenevs(t —7) > . Blthough, the cost of search is initially

o'(s(t - 7)) 2 (50)

equal to 0, as imposed by (44), the worker waitsstone time after he is recruited before he
starts searching. In order to understand this teswte that with surplus sharing and
observable search effort, the main cost of on-tiieesgarch is the loss in the firm’s value, and
hence in match surplus, caused by the worker'ssgréikelihood of quitting.

As the surplus is shared in fixed proportions betw#he two sides of the match and as
there are no strategic interactions or commitmsgsies, the problem could also be analysed

from the firm’s perspective. The Bellman equationthe firm’s value of employment is:

rI(7,t) = Sm%{p(r) —W(T,t) - A (7,t) - st - &(O) I(7,1) + I(7,1)}. (51)
After substituting (49) for the wage, we obtain finst order condition:
: B a(6) I(7.t)
-7)) 2 6- : 52
o' (s(t T))>1—[;’C -3 o) (52)
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where again the equality holds strictly whenesgr-7) > . It@ould easily be checked using
the free entry condition, (12), and surplus shar{&g) that the two first order conditions, (50)
and (52), are equivalent. Although it is simplestidve the firm’s optimality condition, (52),
than the worker’s, (50), it remains a difficult kasndeed, all search efforts from now until
job obsolescence, i.e. from timeto 7 +T", appear in the value function of the fird(z,t . )
Equation (52) is therefore an integral equation tiaanot be solved analyticalfy

The search effort of an unemployed could be detexthfrom the Bellman equation
corresponding to the value of unemployment, (48 first order condition gives:
W(t,t) -U(t)

pe)

Note that we could easily normalize the cost fumcsuch thats, = 1Using the free entry

a'(s,) = (6) (53)

condition, (12), and the sharing rule, (13), itlcoloe verified that:
] ] n ﬁ
o'(s,) =0'(s(T")) =——=cé. 54
(sp) =0 (s(T") 1-3 (54)
It follows that there is no jump in search intepddr a job that survives until obsolescence,

I.e. search effort increases steadily over timél itmeaches its unemployment leved,, just

before the match is destroyed. Frag=s(T" , it)could be deduce that:
T =1|n(1j, (55)
g \b
and so the maximum life span of a match is independf market tightness. It is clear from
(54) that in a model of creative destruction withrigble search intensity some on-the-job
search always occurs. The fact that, here, we darén need a condition like (20) to be
fulfilled further vindicates the approach defendethis paper.

Finally, we turn to variable search intensity withobservable search effort. Now,
when the worker optimises, he takes the wage magiven. Thus, equilibrium search effort
could be obtained by taking the first order comaitio the worker's value of employment,
(47), treating the wage rate as fixed. This yields:

W (t,t) -W(z,t)
p(t) '

Given the reasonable restrictions that we have sepmn the cost function, (44), the worker

o'(s(t-1)) = () (56)

starts prospecting for outside opportunities asnsa® he is recruited. Again, the worker

19 A similar integral equation determines searchrisiiy in Christensen, Lentz, Mortensen, Neumann and
Warwatz (2005).
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would like to credibly commit to start his job sefadater, but he cannot do so. Comparing
(53) to (56), it is immediate thad, = s(T" . Hence, T" is still determined by (55) and is

therefore unaffected by market tightness.

VI/ Replacement ratio

Throughout our analysis, we have assumed that tleans of income received by an
unemployed is just a fractiory, of the productivity of the economy at the teclugital
frontier, p(t). In this section, we relax this assumption by abersng the possibility that the
level of unemployment benefit at the time of jolstection is determined by a replacement
ratio, p.

Solving the model in this case is not straightfamivas the value of being unemployed
is now a function of the last wage and, henceheflast date of job creatiom,. Thus, we just
focus on the maximum life spaf,”, that a job can reach in this context. We derive t
analytic result that, under plausible assumptienmatch could survive forever and, hence,
there is no job obsolescence flow. This suggesis dhir previous numerical results are,
fundamentally, very robust.

We maintain the assumption of variable searchnsitg. With unobservable search
effort, we still have the result that search inignat obsolescence is equal to that when
unemployed!, i.e. S, =S(T"). Thus, atr +T", all the terms involving search effort simplify
out of the wage equation which is then given by:

W(r,7 +T") = fp(r) + L= B)b(r, 7 +T7), (57)
where b(7,t ) denotes the unemployment benefit at timfr an unemployed worker whose
previous job was created at We are assuming that, at destruction time, thel lef benefits
is determined by the replacement r&iig < 1, so:

b(r,7+T") = ow(r,7+T"). (58)
Combining (57) and (58), we have:

1 Note that this result no longer holds with obsbteaearch effort as, in this case, the wage satet treated
as given and, hence, when deciding on their saatehsity, workers take into account the impact th&s has
on their future unemployment benefits.

121t is also important that, after job destructitive level of unemployment benefits does not inaéase fast
over time, as, otherwise, the worker would neverai@ in employment. A sufficient condition is thhe level
of unemployment benefits increases at the samesatiee wage rate, had the worker remained in gmpdat.
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B

W(T,7+T") = ————p(7). (59)
1-A-Pp
But, this implies that, for all values af" :
p(r) >w(r, 7 +T"). (60)

Thus, the first order condition for", (30), is never satisfied and the match could isarv
forever.

This result is quite intuitive. Indeed, when séaix not more costly while employed
than while unemployed, the opportunity cost of hgvia job is the forgone flow of
unemployment benefits. But, if these are lower ttlt@nwage rate, then the surplus from the
match is always positive and it could thereforesmar forever. Note that this result could also
be proved with fixed search intensity, with or waith observable search effort, under the
assumptions that the employed are as efficienh@asubhemployed at searching for jobs, i.e.
s=1, and that searching while employed is not mordlgdlan while unemployed, i.e.
o =0. With variable search intensity, these two coodti are naturally satisfied (at least at
T") provided that the cost of search is the samalfgob seekers.

Finally, it should be emphasized that, although dlbsolescence flow disappears in
this version of the model, we still expect growth lhtave a small positive impact on
unemployment. Indeed, faster growth makes on-thegearch more attractive, which

decreases market tightness and, hence, the jotiocréaw.

Conclusion

In this paper, we have analysed the labour maxkesexuences of allowing on-the-job search
in the context of growth by creative destructiore YWave shown that, in this context, workers
voluntarily choose to engage into on-the-job seavblen they have the possibility to do so
and, hence, we have argued that it is natural egiirhate to allow on-the-job search in
matching models with creative destruction. Inde#de dynamics of the model are
fundamentally changed by this modification.

We have considered two different settings, one wiige search efforts of workers are
observable by their employer, and another one wtteeg are not. In both cases, under a
realistic calibration, the elasticity of unemploymevith respect to growth is considerably

reduced by allowing on-the-job search as it shrins more than 1.6 to around 0.1. What is
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even more striking is that the underlying transmisschannels change as the flow of
obsolescence, which is the main cause of job d&giru without on-the-job search,

practically vanishes. It is replaced by a flow ob4to-job transitions. In fact, the positive

impact of growth on unemployment that remains ig ¢lu the increase in the number of
employed job seekers induced by a rise in growtlchvidecreases market tightness and,
hence, the hiring of unemployed. Interestingly, sthefindings on the consequences of
allowing on-the-job search in an economy with dreatiestruction continue to hold true even
if employed job seekers are significantly less cgffit at searching for jobs than the
unemployed. Our main conclusion is that, rathen tt@ntributing to unemployment, creative
destruction induces a direct reallocation of woskieom low to high productivity jobs.

Another contribution of this paper was to show timatdels of on-the-job search with
surplus spitting could be extended to account fon-observable search efforts. In this
context, workers treat their wage schedule as fexadl start prospecting for jobs earlier. This
behaviour is no longer surplus maximizing and, leenthe value of employment increases
with the cost of on-the-job search which preventskers from starting their search activity
too early. The search cost therefore acts as a domemt device.

We have then considered variable search intensiighnallowed us to generalise and
strengthen some of our previous findings. When g&larch is unobservable, it begins
immediately after recruitment, which is not the ecaghen it is observable. The search
intensity of employees then rises steadily untisabscence. If prospecting for jobs is as
costly for employed job seekers as it is for theeraployed, then search intensity at
obsolescence is equal to that chosen by the ungethld®erhaps surprisingly, this implies
that the maximum life span of a job is independémutside labour market conditions.

Finally, we have shown that, when the level of upEryment benefits is determined
by a replacement ratio, then, under plausible aptions, a match never becomes obsolete.
This analytical result suggests that our numefiodings are, fundamentally, very robust.

A number of issues are left for further reseaf€bllowing Hornstein, Krusell and
Violante, (2007), it would be interesting to coresidhe effects of labour market policies
within the framework presented in this paper. Aldere could be some further theoretical
and empirical work on the result, not specific teative destruction, according to which,
under unobservable search efforts, workers preféade high search costs. More specifically,

it would be interesting to investigate the conseqges for the wage-tenure relation.
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Table 1: Exogenous par ameter values

r o) b C o Jé; a

0.05 0.065 0.3 0.5 0.1 0.4 0.4

Table 2: Endogenous par ameter values

u € Y 7, T' T"
g =003 0.0507 0.075 0.174 1.39 7.2 30.5
g = 004 0.0520 0.094 0.193 1.33 6.0 22.9
s=05
g =003 0.0508 0.145 0.171 1.38 6.6 18.1
g = 004 0.0525 0.181 0.189 1.32 5.4 14.1
g =003 0.1036 0 0.139 1.33 - 9.9
g = 004 0.1199 0 0.150 1.25 - 8.3

Table 3: Job flows

Total job Job creation Job destruction
creation | Hiring of  Hiring of Resignation of]
Exogenous .
(destruc-| unem- employed Obsolescence employed job
. . shocks
tion) flow | ployed job seekers seekers
C a(6)u se(6)e o(l-u) T HOTTIC s&q(b)e
0.1525 | 0.0617 0.0908 0.0617 93M0™ 0.0908
0.1728 | 0.0616 0.1112 0.0616 7500™ 0.1112
0.1500 | 0.0617 0.0882 0.0617 0.00004 0.0882
0.1689 | 0.0620 0.1069 0.0616 0.00040 0.1069
0.1230 | 0.1230 0 0.0583 0.0647 0
0.1374 | 0.1374 0 0.0572 0.0802 0
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Table 4: Elasticity of unemployment with respect to growth

a
0 0.2 0.4 0.6 0.8 1
0.01 30010° 0.01 0.04 0.08
0.2 0.07 0.09 0.10 0.09 0.06 67007
0.4 0.20 0.17 0.13 0.09 0.05 23M10°
0.6 0.51 0.31 0.18 0.10 0.04 40110
0.8 3.74 0.87 0.30 0.12 0.04 1210
0.99 1.27 0.07 s5000™
Table 5: Endogenous parameter values (with unobser vable sear ch effort)
u € Y 7, T T"
s=1
g = 003 0.0646 0.511 0.520 0.90 0.80 30.5
g =004 0.0651 0.516 0.517 0.89 0.79 22.9
s=05
g = 003 0.0575 0.599 0.397 1.11 0.93 20.8
g =004 0.0583 0.609 0.394 1.08 0.90 15.8
s=0
g =003 0.1036 0 0.139 1.33 - 9.9
g =004 0.1199 0 0.150 1.25 - 8.3
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Table 6: Job flows (with unobser vable sear ch effort)

Total job Job creation Job destruction
creation | Hiring of  Hiring of Resignation of
(destruc-| unem- employed Exogenous Obsolescence employed job
tion) flow | ployed job seekers shocks seekers
C a()u s&q(b)e o(l-u) g AOTTC s&q(b)e
s=1
g =003 0.5415 | 0.0608 0.4807 0.0608 5200™ 0.4807
g =004 0.5420 | 0.0608 0.4812 0.0608 1300 0.4812
s=05
g =003 0.3802 | 0.0613 0.3189 0.0613 2400° 0.3189
g=004 0.3811 | 0.0613 0.3198 0.0612 5300° 0.3198
s=0
g =003 0.1230 | 0.1230 0 0.0583 0.0647
g =004 0.1374 | 0.1374 0 0.0572 0.0802

Figure 1: Elasticity of unemployment with respect to growth as a function of relative sear ch efficiency of

Growth elasticity of unemployment
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employed job seekers
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Figure 2: Welfare of worker as afunction of search cost
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Figure 3: Age at which on-the-job search begins as a function of search cost
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