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Abstract

Unemployment benefits, benefit duration, base period and qualifying pe-
riod are constituent parameters of the unemployment insurance system in
most OECD countries. From economic research we know that the amount
and duration of unemployment benefits increase unemployment. To ana-
lyze the effects of the other two parameters we use a matching model
with search frictions and show that there is a trade-off between the quali-
fying and the base period on the one hand and the amount and duration
of the unemployment benefits on the other. A country that combines a
high level of unemployment benefits with a long benefit duration can neu-
tralize the effect on the equilibrium rate of unemployment with a /ong
qualifying and/or a short base period.

Keywords: Matching model, unemployment insurance, base period, quali-
fying period, labor market policy
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1 Introduction

Base and qualifying period are constituent parameters of the unemploy-
ment insurance system in most of the OECD countries. A worker must
complete the qualifying period within a statutory base period in order to
obtain a claim for unemployment benefits (UB). The qualifying period is
often described as a rule having a financing and an information function,
which reduces the moral hazard of the unemployed. The longer the quali-
fying period, the lower the likelihood that workers will register as ‘false’
unemployed to capture UB and the higher the accumulated contributions
to the unemployment insurance, when they once will claim benefit pay-
ments. Table 1 shows the qualifying and the base period of the US, Great
Britain, Japan, and some of the Continental European countries. For ex-
ample, Italy and Germany apply a rule, where a worker must have been
employed at least for 12 months during the last 2 years in order to be eli-
gible for UB. The qualifying period is much shorter in France and the Neth-
erlands than in Germany or Italy; this is also true for the base period in
the Netherlands.

Table 1:  Characteristics of the unemployment insurance system in selected
OECD countries 2002

Qualifying Period Base Period Max. Benefit
(months) (months) Duration (months)
Denmark 12 36 48
France 4 18 30
Germany (2006) 12 24 12
Italy 12 24 6
Japan 6 12 10
Netherlands 6 9 18
Spain 12 72 24
UK 24 n.a. 6
USA (2006) 12 16 6

Y for a 40 year old single worker without children, with 22-year employment career
Source: OECD 2004, US Department of Labor

Of the four parameters — base period, qualifying period, UB and benefit
duration — we know from economic theory (Mortensen 1977, Mortensen
and Pissarides 1999, Pissarides 2000, Rogerson et. al 2005) and empirical
research (Atkinson and Micklewright 1991, Layard et al. 1991, Nickell and
Layard 1999, Nickell et al. 2005) that the amount and the duration of UB
increase the equilibrium rate of unemployment. While the literature has
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focused on the impact of the amount and duration of UB on the unem-
ployment rate, there seems to be neither theoretical nor empirical re-
search on the base and the qualifying period. To analyze the effects of the
two parameters, we use a Mortensen-Pissarides type (MP) matching
model with search frictions (Mortensen and Pissarides 1994, Pissarides
2000) and show that there exists a trade-off between the qualifying period
and the base period, on the one hand, and the amount and the duration of
UB, on the other. Therefore, it is possible for a country to offer its job
seekers a high level of UB with a long benefit duration, while neutralizing
the effect on the equilibrium rate of unemployment with a /long qualifying
period and/or a short base period.

The paper is structured as follows. Section 2 introduces the MP-model with
a finite benefit duration. In Section 3, we integrate the base period and
the qualifying period into the modified MP-model. Section 4 presents nu-
merical simulations. Section 5 concludes. A graphical presentation of the
simulation results can be found in the Appendix I. Appendices II-1V pre-
sent the proofs of the propositions.

2 Benefit Duration T

The time structure of the model is discrete. Job creation takes place at the
beginning of a period and job destruction at the end of a period. At the
beginning of a period, a continuum of applicants look for suitable vacan-
cies. When a worker and a vacancy meet, they negotiate the employment
contract and begin production. At the end of the period, the output is sold,
the wage is paid and the match partners decide on whether to continue
the job. Ildiosyncratic shocks which are caused by shifts in product de-
mand or by a change of the unit costs of production affect the productivity
of the match. If the productivity is too low, the job is destroyed and the
worker becomes unemployed. Eligible job seekers receive UB, which are
paid as a flat rate at the end of a period.

The labor force is represented as a unit mass, each worker is either em-
ployed or unemployed, hence 1=e¢e + u, where e denotes the pool of em-
ployed and u the pool of unemployed. Out of the e employed, /1G(R)e lose

their job at the end of a period. AG(R) is the endogenous separation rate,

where 1 is the probability of a job-specific shock x. G(x), with the support
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O<a<x<1, is the distribution function of x. R>«a is the endogenous
reservation productivity and yx is the real output of the job, with the
maximum productivity y > 0. Worker and firm prefer the same separation
rule: If x > R, the job is continued. If x < R, the job is destroyed. Since R
is endogenous and x is bounded from below, worker and firm can avoid
job destruction by agreeing on the reservation productivity R=«a. The u
job seekers apply if they meet a vacancy. Job seekers apply at most once
per period and vacancies receive no more than one application.

Unemployment incidence. Job search takes place at the beginning of a pe-
riod. Job seekers, who lost their job at the end of the previous period and
do not find a re-engagement, form the inflow I of the pool of unemployed:
I=(1-p)iG(R)e, where p is the transition probability into employment,
0<p<1. We call 1-p)IG(R) the ex-post-incidence. The unemployment
incidence /IG(R) comprises, in addition to the ex-post-incidence, job seek-
ers who find a re-engagement immediately after losing their previous job,
as AG(R)= pAG(R)+ (1 - p)AG(R), where pAG(R) is the fraction of the job-to-

job transitions.

Unemployment Insurance. Workers without a job register with the unem-
ployment insurance [T, b], which has the following two properties.

(A1) [Employed Worker]. As in the MP-model each employed worker is
entitled to claim UB b >0 if laid off. In contrast to the MP-model the
benefit duration is limited to T > O periods.

(A2) [Job Seekers]. u;_; is the pool of job seekers with a residual bene-

fit duration of T — j > 0 periods. j is the current spell of unemployment,
j=0,...,T. An additional period of unemployment raises the current spell
from j to j+1 periods, reduces the counter of the residual claims to

T-(j+1)>0 and places the unemployed into pool u;_;,,. Job seekers,

Jj+1
who have not found a job 7 or more periods after losing their previous

employment, lose their eligibility to UB and form the job seeker pool u,.
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2.1 Equilibrium Rate of Unemployment
Job seekers from the pool u;, who lost their job at the end of the previous

period, are entitled to UB for T periods. From (A1) and (A2) it follows that
the inflow I is identical to the pool u;, so that u, = (1 - p)AiG(R)e. Those job

seekers from u;, who still have no job at the succeeding period, form by
(A2) the pool u; ;. For the pool of job seekers with a counter of residual

claims equal to T — j, we have in the steady state
(1) ur; =@-py*iGRle, j=0,..,T-1.

Since p <1, u;_; strictly decreases with an increasing spell length j.

Of the unemployed in the pool u,, pu, find a job. Thus we have in the

steady state: pu, = (L-p) " AG(R)e. From this steady state condition, we
can derive U,

@) Uy = % G(Re.

Finally, we obtain the aggregate pool of job seekers u from

3) u:iur_j.

Matching function. The labor market is a search market. m(u,v) repre-

sents the matching technology of the market, where m is the number of
jobs filled with an input of u job seekers and v vacancies. The matching
function is linear homogenous, concave and monotone in both arguments.
For a given vacancy, g(#) = m(1/6 1) = m(u,v)/v is the probability of an ap-
plication, where the ratio of vacancies to job seekers, 6 = v/u, is the tight-
ness of the labor market. For a given job seeker, p(¢)= &g(¢) is the transi-

tion probability into employment. For convenience, we will write g = q(&)

and p = p(9).

Inserting (1) and (2) into (3) gives the equilibrium rate of unemployment
as a function of the tightness and the reservation productivity

@ 40~ o oy
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The parameters of the unemployment insurance T and b do not affect u
directly, but rather through the ex-post-incidence, (1—p)ﬁG(R) and the

duration of unemployment, 1/p.

2.2 Job Creation
Filled Jobs. An employment contract [w;_;, W(x), R] has three components.

w;_; is the outside wage the worker earns in the first period. The outside

wage depends on the residual claims of the job seeker. If the negotiations
fail, the worker receives UB b for up to another T — j periods, j=0,...,T.

The second component of the contract is the match specific inside wage
with the wage function w : [R,1] - % . At the end of a period, the succeed-

ing periods’ productivity yx is revealed to the match. If x e[R1], the
match is continued and the worker gets paid w(x).l The third component

of the contract shows the reservation productivity R at which the job will
be destroyed.

Continuation periods. Job-specific shocks hit a match with probability
A >0. A job will be affected by no more than one shock per period, where
shocks are iid.

Let H(x) be the present value of a filled job after the manifestation of
x € [a,1]. Worker and firm are both interested in continuing the match as
long as II(x)>0 and agree on job destruction as soon as II(x)< 0, as will
be shown below. Since TII(x) is a continuously increasing function of x, a
reservation threshold R exists, for which

(5) 1(R)=0.

Only jobs with x > R will be continued.

1 Mortensen/Pissarides (1999) and Pissarides (2000) present a discussion of objections

against the plausibility of this assumption and the two-tier wage structure which re-
sults from the possibility of renegotiation.
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We assume that the firm sells the output yx at the end of the period at
the same time as it pays the wage W(x). Then the steady state equation

for the present value 77(x) is

©) 17(x) = p{yx “wlx)+ 2] 1(h)dG(n) + (1 - z)n(x)}.

R

Flow and stock variables are discounted at the factor p, where
O0<p=1/L+r)<1 with the real interest rate r >0. The job is hit by a

shock with probability 4 and changes into state h. If R < h <1, the match
is continued and the continuation value becomes 77(h). The match specific

productivity does not change with probability 1 - 1.

A worker employed at the productivity x earns the wage W(x), and his
human capital has the present value W(x). The asset pricing equation for

the worker is
7 Wix) - p{w(x) . /’t[_[ W(h)dG(h) + G(R)UT} - ;L)W(x)} |

With probability 4 a shock arrives and the match draws the productivity
h. If h> R, the value of the worker is W(h) and the match continues. If,

on the other hand, h < R, which happens with probability G(R), the job is

destroyed, the worker becomes unemployed and the value of his human
capital is U, (see Equation (13)).

Initial period. Firms choose the initial productivity x =1 when they set up
a match and negotiate the outside wage. If the firm meets a worker with a
current spell of unemployment of length j, then the market value /7,_; of

the newly filled job is
(8) m,_; = @)+ pw@)-w;_;1, j=0,...,T,

where w;_; is the outside wage, H(l) is the continuation value (6) and

w(l) is the inside wage of a job with the productivity x =1.
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The market value of an entrant with a current spell of unemployment of
length j is with respect of the asset Equation (7) and the outside wage
Wr_;:
(9) W, ; =W(@@)+ plw,_; -w(@)l, j=0,..,T.

Job creation. Entrance into the labor market is free for all vacancies, but
open only at the beginning of a period. The flow of vacancies persists until
the present value of a vacancy is zero. Considering this infinitely elastic
supply of vacancies, the job creation condition is

-
(10) O=-k+ qz IuT_].HT_]. ,
j=0

where k denotes the flow costs for advertising a vacancy, g is the prob-
ability of meeting a job seeker, u; ; the conditional probability that the

applicant will have a current spell of unemployment of length j and 77, _;

the value of the newly filled job according to Equation (8).

All job seekers search for jobs with the same intensity. Therefore,
Uy ;= quj/u denotes the probability with which a vacancy will meet a job

seeker with a current spell of unemployment of length j. Taking into ac-
count the pool Equations (1), (2) and (4), the following relationship holds

{p(l—p)j, j=0,..,T-1

(11) Hr_j = .
@-p),j=T

2.3 Wage Negotiation and Job Destruction

Value of unemployment. Unemployed who are not eligible for UB have the
value U,, where in the steady state

(12) Uy = pW, + (1 - p)p(z + Uj).

The job seeker finds a job with probability p, and his human capital takes
on the initial value W, (see Equation (9)). If he is not matched, the utility
from leisure is equal to z.

The human capital of a job seeker with a current spell of unemployment of
length j has the value U; ;. In the steady state, the first-order linear in-

homogeneous difference equation for U;_; is

(13) Ur, =pWr_; +@-plplz+b+Ur ], j=0,...,T -1,
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The human capital of the outsider, who meets a vacancy, has the value
W;_; (see Equation (9)). If the job seeker does not meet a vacancy, he

receives the UB b in addition to the utility of leisure z, the counter of the
current spell of unemployment increases to j +1 and his human capital

takes on the value U; ;.-
Wage negotiations. Job search takes time and causes search costs. There-
fore, as a consequence of search frictions, each match generates a posi-
tive monopoly rent, which is distributed between the match partners
through the wage. The sharing rule is obtained according to the general-
ized Nash solution to a bargaining problem, with 4 < (0,1) denoting the

bargaining strength of the job seeker.

Taking into account the idiosyncratic productivity shock x e [R,l], the res-
ervation utility of the insider U,, and the fact that the asset price of a va-

cancy is equal to zero in the steady state, the sharing rule implemented
by the negotiations with an insider is

__B
(14) W@y¢4_1_ﬂn@y

W(x)- U, denotes the worker’s contribution and 77(x) the firm’s contribu-

tion to the total surplus of the job.

The job rent of a match with an outsider, who has a current spell of un-
employment of length j, will be shared according to the following rule

p ;
(15) WT—j_UT—j:mHT—j7 _]:O,...,T,

where the asset Equations (8), (9), (12) and (13) give the initial values of

the outsider, W;_;, the newly filled job, /7;_;, and the value of the unem-

j!
ployed at the time of wage negotiations, U; ;. Proves of the following

lemmas 1. — 3. can be found in Appendix II.

Lemma 1 [Bargained Wages]. In view of the reservation income rU; of the
insider and the value U;_; of the job seekers with a current spell of unemploy-

ment of length j, the agents negotiate the following inside and outside wages.

(i) [Inside Wage] The bargained inside wage at a match specific productivity
x e|R1]is

(16) w(x) = rU; + plyx - ru,).
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(ii) [Outside Wage] An outsider with a current spell of unemployment of length
J, who produces in the first period with productivity x =1, earns the wage

(17) w,, =w(@)-@-p\U; -U,,)p, j=0,..,T,
where W(l) is the inside wage (16) for x =1,and p™* =1+r.

By Equation (16) the inside wage equals the reservation income of the
worker plus a share of the current match rent that depends on his bar-
gaining strength g.

Should an outsider with a current spell of unemployment of length j find a
job, then the guarantee value of his human capital increases by the
amount of the differential rent U; —U;_;. As the wage Equation (17) illus-

trates, the firm which places the outsider under contract takes the fraction
1 - g of this rent.

The job destruction condition can be derived by evaluating the asset
Equation (6) at the reservation threshold x = R to obtain:

Lemma 2 (i) [Filled Jobs]. The continuation value of a filled job producing with
the idiosyncratic productivity X e [R,l] is

X -R
Ix)=1- i
(18) ) == Bl
(ii) [Job Destruction Rule]. The job destruction rule is
ru At
(19) R=—L- 1(h)dGl(h).
y T gy TReet)

As the job destruction condition (19) illustrates, the current reservation
output of a match is lower than its permanent reservation income. Since
the firm can destroy the job at no charge (free disposal) and the supply of
vacancies is infinitely elastic, the reservation income of the match is iden-
tical with the reservation wage of the worker, rU;. Therefore, when the

job produces the reservation output yR, the match suffers a current loss
equal to the integral expression in (19). The option value of the filled job
is the reason why the match partners are willing to accept this loss.

In order to close the model, we still have to determine the reservation
wage of the different types of unemployed. The unemployment insurance
[T,b] creates a discrete distribution with 7T +1 types in the pool of job

seekers. The job seekers differ with respect to their residual entitlement to
UB and in turn in their reservation utility and the outside wages they are
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able to demand when matched to a vacancy. Given the distribution of the
market values of the T +1 job seeker types, we finally can derive the dis-
tribution of the initial values of the filled jobs.

Lemma 3 (i) [Reservation Wage]. From the asset equations for the job
seekers, the sharing rules and the equations for the initial values, we obtain the
distribution of the reservation wage of the T +1 job seeker types with

(20) rU, =z +(1—d”)b+W[H )+ (@ - B\, ~U,)lp ™, j=o0,.T

where d(0) = 1 0] c(0.2).

- (@ - pplo)

(ii) [Initial Values]. The distribution of the initial values of occupied jobs is ob-
tained from

(21) i, =1@0)+@0- g\, -Ur,), j=0,..,T.

As (20) and (21) show, while, ceteris paribus, the reservation wage of a
job seeker with a current spell of unemployment of length j decreases, the
value of a job filled with an outsider with the same current spell increases
monotonically with j. As a result, the unemployed without benefit entitle-
ment from pool u, have the lowest market value of all job seekers, while

correspondingly jobs filled by unemployed workers without entitlement
have the highest market value of all newly formed jobs.

2.4 Solution and Labor Market Policy

The equilibrium of the search model consists of solutions
[H(l), Ur_;,0,R,ul, j=0,...,T, to the Equations (10), (18) — (20) and the

equilibrium unemployment rate (4). Like the standard MP-model the en-
hanced model has two independent endogenous variables, the reservation
productivity R and the labor market tightness 6. To solve for these two
unknowns we can use the job destruction condition (19), which is in view
of the income Equation (20) and the asset Equation (18) an equation in
[6,R]. The second key equation of the model is the job creation condition

(10), which depends after eliminating the transition probabilities with (11)
and the initial values of a filled job with the asset Equations (21) on [#, R].

The asset Equations (20) and (21) make use of the ‘entitlement rents’
Ur -U;_;, j=1,...,T. The entitlement rents result from ‘institutional fric-

tions’, which are created by the public unemployment insurance system.
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All the T entitlement rents are functions of the labor market tightness, as
follows from the asset Equations (20).

Labor Market Policy. The following proposition characterizes the impact of
the policy parameter 7. An increase in the benefit duration T raises the
fraction of job seekers with a long residual duration of benefit entitlement.
Their reservation wage increases and, consequently, the outside wages
they demand increase too. The initial values of the newly established firms
fall and the supply of vacancies declines. In turn, the tightness of the la-
bor market decreases and the duration of unemployment 1/p rises. In ad-

dition, the ex-post-incidence (1- p)AG(R) increases. The rising duration of
unemployment and the higher ex-post-incidence are each sufficient to

raise the equilibrium rate of unemployment. The Figures 3a—c in Appendix
| for E =1 illustrate the argument.

3 Qualifying Period and Base Period

In the unemployment insurance [E, F,T, b] with qualifying period E > 2
and base period F > E, workers who lose their job before completing the
qualifying period have no claim to UB. In order to model the insurance, we
introduce the following five assumptions (A1) — (A5), where (Al) — (A4)
deal with the qualifying period E and (A5) describes the role of the base
period F.

3.1 Qualifying Period E

(Al) [Completed Qualifying Period]. The qualifying period of a worker
is completed, if he was employed for at least E > 2 periods during the
base period F. An unemployed person with a completed qualifying period
is entitled to T payments of the UB b.

(A2) [Transferability]. Residual claims for UB from earlier unemploy-
ment spells are lost. Qualifying points are intertemporally transferable.

(A3) [Employed worker]. Each employed worker is characterized by a
tupel [E -i,C]. The counter E —i >0 shows the number of currently ac-

cumulated qualifying points of the worker; i denotes the number of un-
completed qualifying time periods, with /i =0, ..., E-1 and C {0, T} is a

binary variable and either equal to T or zero — depending on whether the
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qualifying period is completed and the worker is entitled to UB or not.
During an uncompleted qualifying period, an additional period of employ-
ment raises the counter of the qualifying points from E -/ to
E-(i-1)<E.

(A4) [Job Seekers]. Each job seeker is characterized by a tupel
[E-i,T - j]: The counter E—-i>0 shows the number of currently accu-

mulated qualifying points and T - j >0 the residual benefit duration,
where j =0,...,T. An additional period of unemployment of a job seeker,

who still owns residual benefit claims, raises the length of the current spell
of unemployment from j to j +1 and reduces the counter for the residual

benefit duration from T - j to T -(j +1)>0.

3.2 Base Period F and Waiting Time

With given UB b the reservation utility of an applicant, his initial wage as
well as the initial market value of a filled job depend on the following
three attributes of the insurance system [E, F,T, b]: First, the accumulated

qualifying points E —j; second, the distribution of the E -/ employment
periods over the base period F;, and third, the counter of the residual
benefit duration T — j. The longer the residual benefit duration, or the

higher the number of accumulated qualifying points, or the sooner the job
seeker will complete the qualifying period (i.e. the shorter his waiting
time), the higher his wage demand will be during the initial contract nego-
tiations.

The length of the waiting time of a job seeker with characteristics
[E-i, T — j] is the time that passes until his next benefit entitlement be-

gins. The waiting time is a random variable, which depends on the accu-
mulated qualifying points E -/ and on the distribution of the E-i em-
ployment periods over the base period F, as we will explain in more detail
in the following sections. The longer F is, the greater, ceteris paribus, is
the number of different employment careers with exactly E -/ qualifying
points and the greater is the range of the distribution of different waiting
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times of otherwise identical job seekers.? There are two cases to distin-
guish.

First, if F = E, there is exactly one employment career which meets the
qualification requirement: Only those workers who were continuously em-
ployed for at least E periods are eligible to UB. Second, if F > E, then the
number of different employment careers with a current counter of
E — i > 0 qualifying points is possibly very large, as is indicated by the fol-
lowing simple example. Let A and B be two job seekers with identical
qualifying counters E —j > 0. Assume that both remain unemployed in the
next period and, moreover, that A was employed F periods ago, while B
was not. Then A loses one qualifying point and faces the counter E - (i + 1)

at the end of the current period, whereas B still owns E —i points. Even
though both workers have accumulated an additional unemployment pe-
riod at the end of the current period, the 'bifurcation’ arises, because the
unemployed A replaces a period of employment at the beginning of the
current base period with the current unemployment period, so that his
qualifying counter decreases by one; whereas B, on the other hand, re-
places an unemployment period at the beginning of the current base pe-
riod with the current unemployment period, so that his qualifying counter
remains constant. Consequently, the expected waiting time of A is at least
one period longer than the waiting time of B.

An investor offering a vacancy knows just as little ex ante about the appli-
cants specific employment careers as about their accumulated qualifying
points or their residual benefit claims. Yet the ex post value of the job
and, consequently, his decision to offer a vacancy depends on these vari-
ables and on his expectations concerning these characteristics of an appli-
cant. In order to provide a simple model of the investor’s decision, we in-
troduce assumption (A5) below, which assures that the initial value of a
filled job, /7., ;, will indeed only depend on the characteristics

[E—i,T—j] of the applicant and not on the distribution of the E -/ em-

2 In total, there are F ] employment careers with E—i qualifyin oints in the base
E_i ploy q gap

period F, i=0,...,E. If, for example, — as in Germany — the base period comprises

F =24 months and the qualifying period E=12 months, then there are [Ej =2,7%10°

possible employment careers with a completed qualifying period.
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ployment periods over the base period F. The risk-neutral investor then
needs only to estimate the probability u. , ; of meeting a type

[E —i, T - j] applicant.

We model the effect of the applicants employment careers and the above
mentioned bifurcation on the decision of the investors to offer vacancies
using the following Markov process. Let u. ; ; denote the pool of job

seekers with E -/ qualifying points and T — j residual benefit periods.

(A5) [Employment Career]. The unemployed from u; ; ;, who have
found no job, make either a transition into the pool u. ;; (;,,) (like the job
seeker B in the above example) or into the pool U (,.r_(;.1) (like the job

seeker A in the above example), where the first transition occurs with the
probability » < [0,1) and the second with the probability 1 -y e (0,1].

At the micro level, there exists no correlate of the transition probability y.
At the macro level in contrast, the policy parameter y has quite the same
effect as the distribution of the employment periods E —/ over the base
period F. First, if F = E, this case corresponds to a transition probability of
y =0, as there is only one employment career which meets the qualifica-

tion requirement. In the second case F > E. The longer the base period F
ceteris paribus the higher is the fraction of agents in the inflow to the ag-
gregate pool of unemployed u, who can claim UB. An increase in the tran-
sition probability y has obviously the same effect on the mix of types in
the inflow to u as an extension of the base period F. The reason is that on
the macro level, y determines the fraction of the job seekers from the ag-

gregate pool u. ; = z;luE_,T_j , 1 =0,...,E, whose qualifying counters do
not decrease despite the advancing calendar time and who therefore

search for a job in the following period with E — /i qualifying points again.®
On the other hand, for the fraction 1-y of the unemployed from pool

3 The effects of the parameters of the labour market policy [E,;/,T,b] on the equilibrium

unemployment rate v do not depend on whether the qualifying period E is shorter or
longer than the benefit duration 7. For the sake of brevity, we present the model
equations for the case E<T, which most of the OECD (2004) countries follow. The
simulations and results in Section 4 of the paper, however, also take into account the
case E>T+1.
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Us ;, both the counter of the residual claims and the qualifying counter

decrease by one and their reservation income reduces correspondingly.
Third — just as in the case F >« —, if y —> 1, the fraction of the employed

workers with a completed qualifying period approaches unity irrespective
of the length of the qualifying period E.

3.3 Qualifying Path and the Equilibrium Rate of Unem-
ployment

The unemployment insurance [E,;/,T, b] with qualifying period E, base pe-

riod y and benefit duration T creates a discrete distribution of E types
among the pool of employed workers: Employed workers differ in the
qualifying counter E -/, i =0,...,E -1. In the following, €. ;, denotes the

pool of workers with E —/ qualifying points. Among the u unemployed, the
unemployment insurance likewise creates a discrete distribution of types,
who differ with respect to the qualifying points E-j, where
i =0,...,E-1, and the residual benefit duration T - j, where j=1i,...,T

by assumption (A5) and T > E.*

Since the time of the model is discrete, every employed worker owns at
least one qualifying point. Job seekers from the pool u, = ZZ:E Uor_; » Who
do not possess qualifying points, begin their employment career in the
pool e, and make a transition to the pool e,, if x >R, at the end of the
first period of the current employment spell.® R, is the reservation pro-
ductivity for the transition from the pool e, to pool e,, see Figure 1. Con-
sider a filled job with E-i, i =1,...,E -1, qualifying points. At the end of

the period the firm has to decide whether to continue the job or not.
Given x € [a,l], the match is continued if x = R, ;) and the worker makes

* If E<T, there are YT -E+k)=(E+1(T +1)-E(E+1)/2 types of job seeker; if E>T+1,
the number of job seeker types amounts to Y}_o(T +1-k)+(E-T)=T(T +1)/2+(E+1). The
steady state equations for the employees e: ; and job seekers ug_r_; are developed
further in Appendix IV.

Whether the creation of vacancies is profitable depends in particular on the reserva-
tion productivity R. For profitability R, <1 is a necessary condition because the firms
choose the initial productivity at x=1.
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a transition to the pool e, ;). Otherwise the match dissolves, the job be-
comes vacant and the worker unemployed — without claim to UB. Match
partners from the pool e. ; close to the completion of the qualifying pe-
riod decide to continue and make a transition to pool e., if x >R.. The
pool e, comprises exclusively jobs with a completed qualifying period. A
job from e, is continued, if x > R, ,. Otherwise, it is destroyed, and the
worker becomes unemployed - with claim to UB. R.,, is the reservation

productivity of the jobs with a completed qualifying period.

We call the path of the reservation productivities ¥, = [Rz,...,RE], E>2,

the qualifying path: Every worker must — possibly interrupted by unem-
ployment spells — pass through the qualifying path ¥. before his qualify-

ing period is completed and he is entitled to UB.

Figure 1. Qualifying path

I I Lo I I I | _ ",
I I I I I I I
R, x2R, x2Ry X2 Ry X2Rp xZREH\ x> Ry,

Uy Up o UE-1 ug Ug

Out of the e.; employed workers with the qualifying counter E -/,

/IG(REf(,fl))eEf, lose their job at the end of the period. In the ensuing
matching at the beginning of the following period, (1 p)/IG(R )eE ; do
not meet a vacancy and form the inflow to the pool of unemployed u, ;;
(1 p)/IG( ,1) is the ex-post-incidence among the workers with the
qualifying counter E —j. In the steady state, entries to the unemployment

pool u are equal to exits, so that (1— p)Z' - l/lG( )eE_,. = pu. If we di-

vide both sides of the steady state condition by e and take into account
that e =1 — u, we obtain the equilibrium unemployment rate

L - plo )]Z 2GR 1))

[1 p( )] ;LG(RE-(/'—l))gE-i +,D(6’)

i

(22) u(0, ¥, Re.y) =

m
=

I
o

where ¢, = & ,(0,%,R:.,), with ¢, , =€, ;/e, i=0,...,E -1, is the frac-

tion of the employed workers with the qualifying counter E -/, hence
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Z;lg,_:_, =1. As Lemma A3 in the Appendix IV shows, the shares ¢, ; and

therefore the unemployment rate (22) are functions of the tightness of the
labor market 6, the qualifying path ¥ = [RZ,...,RE] and the reservation

productivity R.., of the jobs with a completed qualifying period.

The equilibrium unemployment rate (22) — similarly to the steady state
rate (4) of the unemployment insurance [T, b] — depends on, first, the

weighted average of the ex-post-incidences, [1—p(@)]Zigl/IG(REf(,fl))gEf,.,

and second, the duration of job search, 1/p(9).

3.4 Qualifying Rents and Waiting Time

First, we deal with the asset equations of the filled jobs and the employed
workers in the continuation periods of a match, then we focus on the job
creation condition, the wage negotiation, the qualifying rents and finally
the waiting time.®

Continuation periods. The value of a filled job with a completed qualifying
period is derived from the asset Equation (6) and the value of the worker
from Equation (7). For convenience, we repeat the equations below. The
market value of a filled job with a completed qualifying period is

RE+1

1
(23) Mg (x)= p{yX ~Wea(X)+ 2 J.HE+1(h)dG(h)+ (L- X)HEH(X)} .
The present value of a worker with a completed qualifying period is

(24)  We,(x)= p{wm (x)+ ﬂ[ }Wm (h)dG(h) + G(Re., )UET} e /9 (X)} :

RE+1

where w,, :[R.,,,1] > R is the function of the inside wage and U,, is the
value of a job seeker whose qualifying period and benefit entitlement are
complete (see Equation (A8), Appendix I1l). Firm and worker with a com-
pleted qualifying period share the match rent according to the rule (14).

® The initial value of a newly filled job, the value of an outsider, who accepts a job, and
the sharing rule that job seekers and vacancies use in their first contract negotiation
as well as the asset equations for the value of the unemployed are developed in Ap-
pendix Ill. The asset equations (A6) and (A7) determine the initial values of the jobs
and the workers, the value of the unemployed human capital is represented in the
equation (A8).
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The continuation value of a job with £ -/ qualifying points, i =0,...,E -1,

and the productivity x e [R._ 1] is given by

(25) I i(x)= P{YX we_i (x)+ iRE }H e—(-1)(h)dG(h)+ (1 2)max {0’ ITg () (X)}} -

The firm chooses the reservation productivity Rc ;_;), on which the transi-
tion to the pool e, ;) depends. If the match is hit by a shock and draws
the productivity h > R, ), the match is continued, otherwise it is de-

stroyed. If no shock arrives, firm and worker must still decide whether to
proceed. The reason is that if the match continues, the worker makes a
transition to the pool e ;_,), so the value of the filled job in the continua-

tion period is HE_(,_l)(x). Since the profit maximizing firm is free to destroy
the job at no charge, it decides for the alternative max {0, /7 ,(x)}. The

worker also prefers continuation only if HEf(,.fl)(x) >0, as is shown below.

The value of a worker with the qualifying counter E—-j, i =0,...,E -1 is
given by
p{WE(X)"' ﬂ{ jWE+1(h)dG(h) + G(RE+1)LJET:| +

Res1

(26) (- A)max ey We (0 10
WE—i(X) =

P{Wfi (X) + /{ f[ WE—(i—l)(h)dG(h) + G(RE(il))UEiO] +

Re_(i-1)

(1 - A)max {Us . WE(,.l)(x)}}, i=1,...,E-1

If the job is hit by a shock and draws h<Rg ), it is destroyed and the

worker with the qualifying counter E -/ becomes unemployed. In the case
i =0, the unemployed who is entitled to UB has the value U, ; in the case
i=1,...,E -1, the worker’s qualifying period is not yet completed and his
value is U, ,,. If no shock occurs, the worker chooses the alternative
max Ug o, We (X)) 1F We i yy(X)2Up o — or W, (x)>Ug, in the case

i =0 — he decides to continue the match, otherwise he leaves the firm
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and makes a transition to the pool of unemployed. As the insiders share
the rent of the job according to the rule

(27) WE—i(X)_UE—(i+1)O =%HEI(X)’ i=0,..,E-1,

W;_(1)(x) > Ue_,, applies if and only if 77, ,)(x)>0. The sharing rule (27)
takes into account that the worker [E —/,0] makes a transition to e, __,) if

the wage negotiations succeed. If the bargaining fails, the worker be-
comes unemployed with a qualifying counter equal to E —i without enti-
tlement to benefits. In this case his value is U, .

Job creation. Out of the u job seekers, there are u._,;_; with E —i qualify-

ing points and a current spell of unemployment of length j. Since all job
seekers look for jobs with the same search intensity, for a given vacancy
Me_r_; = Ug_r_; /U is the conditional probability of an application from a job

seeker from u. ; ;. The probabilities u. ; ; — developed in Lemma A4,

Appendix IV — are functions of the tightness 6, the base period y, the
qualifying path ¥, = [R,,...,R.] and the reservation productivity R, for

jobs with a completed qualification. The expected market value of a newly
filled job is ZyEf,TfjHEf,.Tfj . Access to the labor market is free, so that

the following job creation condition applies in the steady state, given the
search costs k and the probability g of an application:

E T
(28) 0=-k+ qZZﬂEJT—an—iT—j .

i=0 j=i
The agents negotiate the following inside and outside wages.

Lemma 4 [Bargained Wages]. (i) The bargained inside wage of a worker with
a completed qualifying period at a match specific productivity X e [a,l] is
(29) WE+1(X):rUET +ﬂ(yx_rUET)'
The inside wage of a worker with the counter E — i and the job specific produc-
tivity x € |a1] is:

rUg 10 + ﬂ[yx - rUE—lO] - (1 - IB)[UET - UE—lO]’ i=0
(30) we ;(x) =

rUE—(i+1)O + ,B[yx - rUE—(i+l)0]_ (1 - ﬂ)[UE—io - UE—(i+1)O ]’ i=1..,E-1



IABDIscussionPaper No. 10/2006 24

(ii) Since newly filled jobs produce with the productivity x =1 a job seeker with
the counter E — i and a residual benefit duration of T — j periods, j=1i,...,T,

obtains the outside wage
WE+1(1) - (1 - /B)(UET ~Ugr; )p_l- i=0
(31) We ir; =
We (i) L)+@- ﬂ)(UE-iT-j —Ueio )Pfl’ i=1,..,E

where WE+1(1) and WE_(,_l)(l) are the inside-wages (29) and (30) for x =1.

The inside wage w, ;(x) of a worker with the counter E -/ has — as (30)

shows — three components: the reservation income, rU; ., the worker’s
share of the current match rent, SBlyx -rUg ], and the side payment
(1— ﬂ)[UEf,.O —Ue (110]- To understand the reason for the side payment no-

tice that at the end of the current period, the worker has E — (i +1) quali-

fying points and the reservation value U, .. If the match is continued,

the counter increases by one to £ -/ and the reservation value of the
human capital increases by the qualifying rent Ug ,, —Ug .4- The firm,

which employs the worker, appropriates the share 1 - g of the qualifying

rent. The qualifying rent is the result of institutional frictions, which
emerge from the prevailing order of the labor law. In accordance with as-
sumption (A2), the qualifying period is an asset owned by the worker,
which is not tradable. Thus, since the labor force is exogenous, a dissipa-
tion of the qualifying rent is generally excluded, even in the steady state.

If one compares, ceteris paribus, two agents with a completed qualifying
period (/i =0) — one is an outsider, the other an insider — then, as we
would expect, the outsider is worse off, because, as opposed to the in-
sider, he has to pay a side payment, as seen in the first line of (31). The
size of the payment is determined by the length j of the current spell of
unemployment and the quasi-rent Ug - Ug_;, by which the reservation

value of the outsider is lower than the reservation value of the insider.

Now compare two agents with the counter E -/ who have not yet com-
pleted their qualifying period — where one is an outsider with a residual
entitlement of T — j periods, the other is an insider — then the outsider is

better off, since he receives a wage bonus, which is dependent on the
quasi-rent U;_;_; - Ug_;,,, as the second line of (31) shows. The insider is
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worse off, because his qualifying period is not yet completed and, as a re-
sult, in accordance with assumptions (A1) and (A2), he has no benefit en-
titlement — as opposed to the outsider.

As the following proposition shows, the market value of a filled job
HEf(,fl)(x), i =0,...,E, is a continuously increasing function of x e [a,l]. If

HE_(,_l)(a)sO, as we assume throughout, a reservation productivity

Re_-1) exists, which fulfils the reservation condition
(32) e ¢ y(Re 4))=0,1=0,.. E.

The asset values of the filled jobs and the job destruction rules are dis-
cussed in the following proposition, which is proved in the Appendix I11I.

Proposition (i) [Filled Jobs]. The value of a filled job with a completed qualify-
ing period and the idiosyncratic productivity X € [RE+1’ ] is

R
(33) HE+1(X):(1_ﬂ)y%'

Through backward induction, the continuity and monotonicity of I1 E+1(X) are
transferred to 11, ; (X), as the Equation (34) shows. The value of a job from the
pool €. ;, i =0,...,E-1,is

34 11 E-i (X ) = p{(l -p )y (X - RE—i ) + (1 - i)[m ax{O, 11, E-(i-1) (X )} - max{O, 11, E—(i-1) (RE—i )}]}

(ii) [Job Destruction]. For a job with a completed qualifying period, the job
destruction rule can be derived by evaluating the asset Equation (23) at the res-
ervation threshold x = Rg,,. Taking into account the wage Equation (29) we ob-

tain:

rU A !
Er ,..(h)dG(h).
YT gy e o)

For a job with the qualifying counter E — i, the job destruction rule can be de-
rived from the asset Equation (25), the reservation condition (32) and the wage
Equation (30) with

rUE—lO _ UET — UE 10

(35) RE+1 =

y y
;
0 _1/;)y P [ 17¢.,(n)dG(h)+ (L~ 2)max {0, 17, (R, )}], -0
(36) Re.a
RE—i =
MUe ap  Ueio = Ue(ap
y y
1
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As the Equations (35) and (36) show, the current reservation output of a
match is lower than the match’s permanent reservation income both dur-
ing the waiting time of the worker, see Equations (36), and also after the
completion of the qualifying period, see Equation (35). The reservation
income of a match — given the assumption of free disposal and the infi-
nitely elastic supply of vacancies — is identical with the reservation income
of the worker.

With the job termination rule (35), the firm chooses the reservation pro-
ductivity R, such that yR.., <rU. for the reservation output of the

match. The firms are willing to hoard labor, even if hit by severe demand
shocks. The reasons for this behavior are the search costs and the result-
ing option value of a filled job. The option value is the expected market
value of a productive job weighted with the shock probability 1. If demand
changes in favor of the job, the hoarded workers are immediately ready to
start production, since neither search nor recruiting costs arise on the ‘in-
ternal labor market’. If the match partners would separate as soon as the
output falls below the reservation income of the match, they would sacri-
fice this option and have to search for another match.

The waiting time is the time that passes until a worker on the qualifying
path becomes eligible to UB. Under the conditions of the unemployment
insurance [E,;/,T, b], the waiting time is endogenous, whereby workers

face the following trade-off.

The shock parameter x e [a,l] is bounded from below. Consequently, a

match can force the continuation of production until the Ul entitlement is
reached. Thus, for example, a worker with the qualifying counter £ -/ can
reduce his waiting time to exactly / periods, if the firm fixes the reserva-
tion productivity along the residual qualifying path at the level of the lower
support a. By taking this decision, however, the worker must accept a
low, possibly negative wage, what pays only if he can expect a high UB b,
a long benefit duration T or a low utility of leisure z.

The worker will weigh the disadvantages of restraining his wage claims
against the benefit from a reduction in the waiting time. His willingness to
restrain his wage claims during the waiting time — as the job destruction
rule (36) shows — is bounded by the path of the reservation incomes, the
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qualifying rents he can expect to capture and the option value of the filled
job.

The option value of the filled job is measured by the integral expression in
Equation (36). Since the worker makes a transition independent of the
prevailing market conditions from e, ; to e, ; ;) when the job is contin-

ued, the lower bound of the integral is the reservation productivity R.

that is the threshold productivity for the transition to e.__,).

If the firm currently produces at the break-even point with the reservation
productivity R, ; and is not hit by a shock — an event which has the prob-

ability 1- 2 — the firm opts for the alternative max{0, /7. ,)(R.)| as a

consequence of the free disposal.

Finally, the worker’s willingness to accept a sequence of low wages on the
qualifying path is bounded by the qualifying rents. If the firm chooses the
reservation productivity R, ,, it takes the worker’'s reservation value

Ue_ (.10 INto account. If the match is continued, the reservation value of
the worker increases to U, ,,. In order to capture the qualifying rent
Ue_io = Ue_(.10 Created by the insurance system, the worker is willing to

accept a reduction of the reservation output of the match by an amount
just equal to the rent.

3.5 Solution

To solve the model, we must determine the equilibrium path of the reser-
vation productivities R. ;,, i =0,...,E, and the steady state tightness ¢

of the labor market — in total E +2 variables. The reservation productiv-
ities depend on the reservation wages of the workers, the qualifying rents
and the market values of the filled jobs, as the job destruction rules (35)
and (36) show. The market values of the filled jobs are in turn functions of
the reservation productivities, as Equations (33) and (34) show. In order
to close the model, Lemma A6 in Appendix IV makes clear how both the
reservation wages of the workers and the qualifying rents depend on the
market values of the filled jobs and, thus, the reservation productivities.
To calculate the tightness 6, we need the job creation condition (28). The
conditional probabilities u._,;_; of meeting a job seeker with the qualifying
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counter E-j and a residual benefit duration of T — j periods are devel-

oped in Lemma A4 in Appendix IV.

4 Simulation

Parameters and matching function. The base line parameters for the nu-
meric simulations are shown in Table 2. The bargaining power of the
workers is g = 0.50, the output of a job at full productivity is y =100.
The value of leisure is z =30, UB are b =30. The real interest rate r is
2 %; the probability of a productivity shock A is 10 %; the search and re-
cruiting costs of a vacancy amount to k = 30. The distribution function
G(x) of the productivity shocks is assumed to be uniform on [z,1], with the
lower support « = 0. If we replace the uniform distribution by a beta dis-
tribution with varying parameter values we receive for all simulations
similar results. The matching function of the search market is of the Cobb-
Douglas type (Petrongolo/Pissarides 2001). For a given vacancy, the
probability of a contact with a job seeker is q(@) = 50749 For the elasticity
of the job matches with respect to the supply of vacancies, we use
¢ = 0.50 and for the ‘total factor productivity’ we assume 6 = 0.60.

Table 2. The baseline parameter of the model

Yij r A y z b Kk a ¢ 1)

0.50 | 0.02 | 0.10 100 30 30 30 0 0.50 | 0.60

The results of the simulations with the qualifying period E, the benefit du-
ration 7 and the base period y are shown in Appendix |. Figures 2-4 pro-
vide simulations with the benefit duration T and the qualifying period E for
a given base period y =0.10. For the qualifying period, we assume

E = 4, 8 and for the benefit duration T =1, 2,..., 20. In addition, Appen-
dix I compares the two unemployment insurance systems [E, v, T, b] and
[T,b] (see Section 2). With the unemployment insurance [T, b], every em-

ployed worker is entitled to up to T payments of the UB b. The model of
the unemployment insurance [T, b], therefore, implicitly assumes that for

the qualifying period E =1 and the base period y =1. Figures 5a-c deal

with comparative static simulations with the base period y for a benefit
duration of T =10 periods and the qualifying periods E =4, 8.
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Result 1 [Decreasing Qualifying Path ¥, =|[R,,...,R.|]1. Figure 2a, Appen-
dix I, shows the qualifying paths ¥, for E =4 and E =8, a benefit dura-
tion of T =10 periods and a base period y =0.10. The counter of the
qualifying period, i =1,...,E +1, is depicted on the horizontal axis and the

corresponding reservation productivities are graphed on the vertical axis.
For example, figure 2b pictures, for the case E =4, the four reservation
productivities of the qualifying path ¥, and the reservation productivity

Rc ., of the jobs with a completed qualifying period, against the benefit du-

ration T on the horizontal axis.

As Figure 2a and 2b demonstrate, the qualifying path ¥ follows the same

pattern in all simulations: First, the qualifying paths are concave and to
reap the qualifying rents firms reduce the reservation productivities
Re (.0, 1=0,...,E, until they reach a minimum in the last period before

the completion of the qualifying period. Second, as soon as firm and
worker have captured all rents and the worker is entitled to the UB, the
reservation productivity, the quit rate and the wage of the employed
worker jump to the levels of the jobs with a completed qualifying period,
such that R., >R, >R, >...> R, >2«a. If we draw a vertical line through

Figure 2b at T =10, we obtain the qualifying path ¥, for E = 4, which is

shown in Figure 2a.

Result 2 [Benefit Duration T]. The benefit duration T affects u via two
channels: First, through the weighted ex-post-incidence, In-

i=E-1

exP = (1—p)zl,:O JG(RE_(,-_l))sE_,, and second, through the expected unem-

ployment duration D =1/p. In-exP, the weighted ex-post-incidence, is the

fraction of the employed workers who lose their job, do not find a follow-
up job at the subsequent matching and, as a result, are unemployed for at
least one period.

Consider, for example, the insurance system with the qualifying period
E = 4. If the policymakers increase the benefit duration from 7T =1 to
T =20, the expected duration of unemployment increases from D =1.84
periods to D =2.17 periods, see Figure 3a, while the ex-post-incidence
grows from 4.1 % to 4.8 %, see Figure 3b. For a given qualifying period E
therefore, the unemployment rate u strictly increases with the benefit du-
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ration 7, see Figure 3c. For E = 4, for example, the equilibrium rate of un-
employment increases from 7 % to 9.5 %, if the benefit duration rises
from T =1 to T =20.

Result 3 [Qualifying Period E]. An extension of the qualifying period E for
a given base period (y =0.10) lowers the unemployment rate, as Figure

3c and Figure 4 make clear.

The unemployment rate strictly decreases with an increasing E, since, ce-
teris paribus, both the unemployment duration and the weighted ex-post-
incidence decrease with the rising E, see Figure 3a and Figure 3b. For ex-
ample, with »=0.10 and T =10 the unemployment rate falls from
u=9.74 % to u=9.13 %, if the qualifying period E increases from 1 to
10 calendar periods.

Result 4 [Comparison Between the Insurance Systems]. The insurance
system [T, b] implicitly sets £ =1 and y =1, such that u is strictly higher
than in the insurance systems with qualifying periods E > 2, see the dot-
ted lines in the Figures 3a-c. The reasons for the increasing difference be-
tween the equilibrium rates of unemployment of the two insurance sys-
tems are, that under the conditions of the insurance [E,y, T, b] not only is

the average duration of unemployment shorter than in the system [T, b]

but the ex-post-incidence is also lower. What are the reasons for this or-
dering?

The risk-neutral match partners have rational expectations and anticipate
the consequences of job destruction. In the insurance system [E,y,T,b],

the destruction of a job that qualifies for UB occurs with the endogenous
probability AG(R;,,), whereas in the system [T, b] the probability is AG(R),
where AG(R)> AG(R,,). In fact, the workers in both insurance systems are

entitled to the UB b and an equally long benefit duration of T periods. Fur-
thermore, in both insurance systems, they have a positive probability of
losing their benefit entitlement and to become long term unemployed. Yet
with the unemployment insurance [T, b], they can be sure of having the
benefit entitlement regained with their next job. Moreover, the waiting
time, which elapses until a worker who loses his current job receives the
next benefit entitlement, is under [T, b] identical with the duration of job
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search, which is equal to 1/ p. In the insurance system [E,;/,T, b], on the

other hand, a positive probability exists that the worker with an increasing
duration of unemployment will not only lose his benefit entitlement, but
also his qualifying points, so that, on average, ceteris paribus more time
will pass until the completion of the next qualifying period than just the
time of the job search, which is the lower bound for the waiting time.

While the waiting time which elapses between two benefit entitlements in
the system [T, b] is exogenous for the individual match and identical with

the expected duration of job search, 1/ p, from the perspective of the job
seeker, the waiting time in the insurance system [E, ;/,T,b] is endogenous

and bounded from below by the expected duration of an unemployment
spell. As a consequence, the reservation wage of a worker entitled to UB
is, ceteris paribus, lower in the insurance system [E, v, T, b] than in the

unemployment insurance [T, b], his wage income is also lower and his will-

ingness to continue the match despite adverse demand shocks is higher.

Result 5 [Base Period and Convergence]. Figure 5a-c illustrate the im-
pact of the base period y on the (weighted) ex-post-incidence, see Figure
5a, the unemployment duration, see Figure 5b, and the equilibrium un-
employment rate, see Figure 5c. Just for comparison, the figures show the
corresponding graphs for the unemployment insurance [T, b].

As Figure 5c shows, the equilibrium rate of unemployment strictly in-
creases with the base period y. An increase in y does not only lower the
waiting time, but also the qualifying rents and therefore the option value
of a filled job. Moreover, the expected wage income increases, the supply
of vacancies falls and, as a result, both the duration of unemployment,
see Figure 5b, and the weighted ex-post-incidence, see Figure 5a, in-
crease.

In addition, Figure 5a—c illustrate that the equilibrium values of the ex-
post incidence, the unemployment duration and hence the unemployment
rate in the class of insurance systems [E,;/,T, b] with E > 2, converge with

rising y from below to the corresponding values of the insurance [T, b].



IABDIscussionPaper No. 10/2006 32

Result 6 [Iso-Unemployment Curve u=9.5 %]. The insurance system
[E.y.T,b] consists of four policy parameters. The ‘iso-unemployment

curves’ in the policy space are therefore four-dimensional hyperplanes.
Figures 6a-c depict three-dimensional (y, E,T)-sectors of the iso-unemp-

loyment curve for u=9.5 %. Figure 6b illustrates the (7, E,T)-plane for

an UB of b =30, while Figures 6a and 6c¢c show the corresponding
(y,E,T)-planes for a 5 % reduction of the UB to b=28.5 and a 5 % in-

crease of the UB to b =31.5 respectively.

Figures 7a-c and 8a-c graph two-dimensional sectors of the iso-
unemployment curve u =9.5 %. Figure 7a shows the negative trade-off
between the UB b and the benefit duration T for the base periods y = 0.10

and y =0.60, where E=4; for T =10 Figure 7b depicts the positive

trade-off between the UB b and the qualifying period E, where for the
base periods y =0.10, y =0.30 and y = 0.60; Figure 7c shows the posi-

tive trade-off between the benefit duration T and the qualifying period E
for the base periods y = 0.10 and y = 0.30. Figures 8a-c depict the base

period y on the vertical axis and the UB b, the benefit duration T and the
qualifying period E on the horizontal axes. Figure 8a shows the negative
trade-off between the UB b and the length of the base period y; Figure 8b
graphs the negative trade-off between the benefit duration T and the base
period »; and Figure 8c finally shows the positive trade-off between the
base period y and the qualifying period E.

5 Conclusion

Base period and qualifying period are instruments of the labor market pol-
icy, which have so far received little attention in labor market theory,
macroeconomic theory and empirical research. We develop a Mortensen-
Pissarides type search model, in which we integrate the following policy
instruments: The base period, the qualifying period, the unemployment
benefit and a finite benefit duration. A worker is entitled to UB, if he has
completed the statutory qualifying period within the base period.

The qualifying period lowers both the incidence and the duration of unem-
ployment and therefore reduces the aggregate unemployment rate. On
the other hand, an increasing base period weakens the effect of the quali-
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fying period by providing workers with a time margin to meet the criterion
of the qualifying rule. The longer the base period, the higher therefore the
equilibrium rate of unemployment.

In an unemployment insurance system without qualifying rule — as for ex-
ample in the standard MP-model — the time that passes until the benefit
entitlement occurs is exogenous. Every worker, who makes a transition to
unemployment, is entitled to UB and every job seeker must wait until he
finds a new job and in turn the next benefit entitlement. The qualifying
period endogenizes the waiting time and confronts the workers with the
following trade-off. The lower the separation rates negotiated by the
match, the longer the durability of the job, the shorter the waiting time,
but also the lower the worker’s wage. The decision to reduce the waiting
time is more attractive the higher the UB are, the longer the benefit dura-
tion and the lower the utility of leisure. The price for a prolongation of the
durability of the job and a shorter waiting time is the wage penalty, which
the worker must accept, if the match is hit by adverse productivity or de-
mand shocks.

For a match on the qualifying path, the separation rate falls from period to
period, until it reaches a minimum in the last time period before the com-
pletion of the qualifying criterion. At this point, the qualifying rents cre-
ated by the unemployment insurance are skimmed off, and the reserva-
tion productivity and with it the separation rate and the wage of the work-
ers, who are now entitled to UB, increase sharply.
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Appendix Il

Proof of Lemma 1. (i): From (14), it follows that

@- g, =@ - pW(x)- pri(x). Solve the asset Equations (6) and (7) with
respect to 77(x) and W(x), insert the solutions into the above equation
and rearrange terms to get the inside wage (16).

(i) From (15), it follows that (1— ,B)UH. = (1 — ﬂ)WTfj - BII;_; . Inserting (8)
and (9) into the last equation gives

@L-pW;; =[a- pWQ)- prIA)] + plw,_; -w(@]], from which in view of
(14) the outside wage (17) follows.

Proof of Lemma 2. (i) and (ii): From (5) and (6) we have

0=yR-w(R)+ ZI: 11(h)dG(h). From this equation, taking (16) and (6) into
account we obtain the Equations (18) and (19).

Proof of Lemma 3. (i) From (13), (15), (8) and the wage Equation (17), it
follows that

(A1) Ur; =D+d[z+b+U; ;4]
fp (@-p)p -
where D = 7))+ (1 - and d =————"—. Solving
oy ey L A A e =
the difference Equation (Al) gives:
_
(A2) Up_; = % [D+d(z +b))+d™U,.

In the same way, it follows from (12), (15), (8) and (17) for U, :

_ @-p) L, 1--p)p
) Ry R e L i el

Using (A3) in (A2) gives:

__@-php z+bll-d" )|+ pp +(1- :
MR T : fp e vt ) oy e

From (A4) we obtain the asset Equation (20).
(i) The Equation (21) follows directly from (8) and (17).



IABDiscussionPaper No. 10/2006 38

Appendix 1l

The sharing rule for wage negotiations between a vacancy and a job
seeker is given by

(AS) Weir; —Ueir; = %HE—iT—j’ i=0,.,E, j=i,..T,
where W ;; ; is the value of a entrant with E -/ qualifying points and a
residual benefit duration of T - j periods, U; ;;_; is the value of the un-
employed outsider, and /7. ;;_; is the initial value of a job occupied by an
entrant with the characteristics [E - /,T - j]. /1. ;_; depends on the job

seeker’s residual claims and the current status of the qualifying counter,
where in view of the initial productivity x =1, the outside wage wg ; ;

and the asset Equations (23) and (25):
HE+1(1)' i: J =0

(A6) My =M ;@) + pWe y0@)-We i} i=0, E j=iy, T -1

HE—(ifl)(l), i=1,...,E, j=T

For the distribution of the initial values of the job seekers, W;_ analo-

iT-jo
gously we have:

W..,@), i=j=0

(A?) WE—iT—j = WE—(i—l)(l) + p[WE—iT—j - WE—(i—l)(l)]’ i = O, ceey E, _] = i, ey T-1

WE—(i—l)(l)v i=1,...,E, j=T

Finally, the distribution of the steady state values of the job seekers is
given by:
PWoo +(1—P),D[Z+Uoo], i=E,j=T

PWe_jo + (1 - p)p[z +We o + (1 - 7/)(JE—(/'+:L)0]’ i=0,..., E-1,j=T
8,
ETT T pWe i + (- P)p[Z +b+ e 7 ) +

Q-9 We gy 1=0,0 s E-1, =i, T -1

PWor_; + (1—p),0[z +b +Uor,(j+1)], i=E,j=E,...,T -1

In (A8) z is the utility of leisure, b the UB and y e [0,1) the length of the

base period. If the job seeker does not meet a vacancy, his current spell
of unemployment increases from length j to j+1, while the counter of the
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qualifying period is constant with probability y <1 and decreases from
E —i to E - (i +1) by one point with probability 1 -y >0.”

Proof of Lemma 4. (i) From the sharing rule (14), it follows that:

@ - W, (x)- prTe,.(x)= (1 - g, . Using the asset Equations (23) — (24)
and rearranging terms provides the wage Equation (29). For convenience,
we repeat the equation below:

(A9) WE+1(X)=rUET +18(yx_rUET)'

From the sharing rule (27), it follows that:
(1 - ﬂ)WEf,. (x)— Pl ., (x) = (1 - ,B)UEf(”l)o, i=0,...,E-1. If we use the asset
Equation (25) and assume i =0, then by virtue of the first line of (26) and

(A9), we obtain the first line of the wage Equation (A10) below. The other
wage equations of (A10) for /i =1,...,E -1 result analogously:

WE+1(X) - (1 - ﬂ)(UET - UE-10)P71- =0

(AlO) W (X) WE(X) - (1 - ﬂXUE—lo - UEfzo)p_l + (1 - IBXUET - UE—lO)’ =1

E-i =

WE—(/'—1)(X) - (1 - ,B)(UE_,O - UE—(i+1)0)pil +
(1 - ﬂ)(UE—(i—l)O - UEfio)’ i=2,...,E-1

The wage Equation (30) is developed in the following way. For i =0, we
get from (A10): w.(x)=w.,(x)-@-p)p*(Us -Us,,). If we replace
W, (x) using (A9), we get in view of p™* =1+ r the first line of (30):

We(X) = rUg + B(yx —rUg) - (1 - ﬂ)pil(UET - UE—lO) =

A - PrUgr + Pyx - (1 - ﬂ)pil(UET - UE—lO) =rUg 0 + ByX —1Ug_y0) -

(1— ﬂ)(UET —Ug40)- Now we assume that the wage Equation (30) holds for
We_y)(X). Then for w,(x), we obtain with (A10):

We_i (X) = WE—(i—l)(X) - (1 - ﬁ)(UE—iO —Ue_.ap0 )p_l + (1 - ﬂ)(UE—(i—l)O - UE—iO)' If we
replace WE_(,_l)(X) using (30) and rearrange, we obtain the wage equation
for E —1i.

(ii)) Rewrite the sharing rule (A5): (1- ﬂ)WEf,Tfj = Plg jr ;= (1— ,B)UEf,Tfj,

and insert the asset Equations (A6) and (A7) to obtain the wage Equations
(32).

" The job seeker — like B in the introductory example — was unemployed F periods ago

and in the second case — like A in the introductory example - he was employed F peri-
ods ago.
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Proof of the Proposition. (i) If we solve the asset Equation (23) for 77,,,(x)
and take the wage Equation (29) into account, we obtain:

1

A1) Mes(x)=

%1 - ﬂ)yx - (1 - :B)rUET + ﬂJ:ﬁl HE+1(h)dG(h)}'

Let x =R, in (A11l) then by virtue of 77,,(R.,,)=0, we obtain the asset

Equation (33). If we use the wage Equation (30) in (25), we obtain, for
i=2,...,E-1:

(A12) 71 (X) = p{ (1 - ,B)yx - (1 - ﬂ)rUE—(Hl)O + (1 - /8) [Weio = Ueuapl +

AR ey (0)aG(R) + 0 A)max 0, 7, . () } .

If we use x = R._; in (A12) and consider the reservation condition (32), we
obtain the continuation value (34).

(i) If we use x = R.,; in (All) and solve the equation for R, ,, consider-

ing the reservation condition (32), we get the job-destruction rule (35).
Correspondingly, if we use x = R.; in (A12) and solve for the reservation

productivity R ;, we get the job-destruction-rule (36).
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Appendix IV

A. Pool equations

First we deal with the steady equations for the number of employed work-
ers, e ,, I =0,..., E-1, then we develop the steady state conditions for

the job seekers, u; ; ;, i =0,...,E, j=1,...,T . The effects of the parame-
ters of the labour market policy [E, ;/,T,b] on the equilibrium unemploy-

ment rate v do not depend on whether the qualifying period E is shorter or
longer than the benefit duration 7. For the sake of brevity, we represent
the pool equations and the proofs for the case E < T. The simulations and
results, Section 4, also take into account the case E>T +1.

1. Employed Workers

In the steady state, the following equations hold for the number of the
employed workers with the qualifying counter £E -/ and /i =0,...,E-1:

[1 - /1G(RE+1 )]eE + pﬂG(REu )6E + [1 - /IG(RE )]eE—l +
1T
p/lG(RE )eE—l + pz z Ugmrj» 1=0

m=0 j=m

(A13) € = [1 - j’G(RE—i )]eE—(i+1) + pﬁ’G(RE—i )6E—(i+1) +
;

p ZUE—(Hl)T—j’ i=1,...,E-2

J=i+1

T-E _
quor,(ﬂj), I=E-1
=0

Ad i=0: e; is the measure of the employed workers with a completed
qualifying period. The inflow of e, consists first of workers with a produc-
tive job who are entitled to UB, [1—/1G(RE+1)]eE; second, workers entitled
to UB who made a job-to-job transition belong to the inflow, pAG(R;,,)e;;
third, in the inflow are the workers of the pool e, ; who make a transition
to e,, [1-1G(R.)e.,, or who made a job-to-job transition to e.,

1
pAG(R;)e.,; and fourth, the successful job seekers p> u. ., where
m=0

;
Ur_m = D Ug_pr_;» With a qualifying counter equal to E or E-1 belong

Jj=m

also to the inflow of e, .



IABDIscussionPaper No. 10/2006 42

Ad /i =E -1: The inflow of the pool e, consists of successful job seekers

whose qualifying counter is equal to zero because of the long unemploy-
T-E

ment, pu,, where Uy, = > Uor (¢, ;) -
j=0

2. Job Seekers

2.1 For the measure of job seekers with a completed qualifying period and
a current spell of unemployment of length j, u.,_;, the following holds in

the steady state
(1- pAG(R:..)er, j=0

(A14) Ugr; =70 = Plgr_jye J=1,...,T -1,
7(1 - p)(qu + uEl)' j=T

Ad j =0: ug is the pool of the unemployed with a completed qualifying
period and full entitlement to UB. The inflow to u. consists of workers
with a completed qualifying period who lost their job in the previous pe-
riod and did not meet a vacancy during the last matching.

Ad j =T : The third line of (A14) shows the inflow to the pool of job seek-

ers with a completed qualifying period, but no residual claims to unem-
ployment insurance, u.,. The inflow consists of job seekers from the pool

Ug, + Ug, Who, although without a match, retain their qualifying points, an
event, which has the probability y(1 - p).

2.2 For the pool of job seekers with a current spell of unemployment of
length j and a qualifying counter equal to E -/, u.; ;, the following
steady state condition holds

@L- )= Pl ay iy P=1, E-1, j=i

(A15) (1 - p)[7 UE—[T—(j—l) + (1 - y)uE—([—l)T—(j—l)]’ i=1.., E - 1, J =i+1,.., T-1

E-iT-j =

(1 - p)[/IG(RE-(i-l))eE-i T (UE—iO + uE—il) +
(1 — 7/)(UE—(/'—1)0 + uE—(i—l)l)]’ I =1,..., E — 1, J =T

Adi=1,.,E-1,j=i:Sincej =i, ug ;_; is the pool of job seekers which
has the shortest current spell of unemployment of j =/ periods given the

qualifying counter E — /. As the first line of (A15) illustrates, the inflow to
Ue_+_; consists of unsuccessful job seekers who still belonged to the pool

Ug_(i-a)r—(j-1) in the previous period.?®

In view of base period F, this transition corresponds to the transition of a job seeker
with the qualifying counter E—(i —1) who did not meet a vacancy and was employed F

periods ago.
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Ad ji=1,...,E-1, j=T: The inflow to the pool u. ,, is first composed of

workers who lost their job because of an adverse shock and did not meet
a vacancy during the subsequent matching, (1—p);tG(RE_(,_1))eE_,. Sec-

ondly, the fraction of the unsuccessful job seekers from pool u. ,, + U ;4
makes a transition to u. ,, who retain their qualifying points.® Finally the
fraction of unsuccessful job seekers from the pool u. ;. +Ug 4, Who
lose a qualifying point belong also to the inflow to u, ;.

2.3 For job seekers with a current spell of unemployment of length j > E,
whose qualifying counter is equal to zero, u,;_;, the following steady state

conditions hold
(1-7)1- plur_(er), I =E

(A16) Uor_; =1 = Pluor_j1) + Q=7 W} F=E+1...T-1
(1- p)ugo + Ugg + @y Nugo +uyy)}, j=T

Ad j=T: The pool u,, consists of job seekers who have neither qualifying
points nor residual claims for unemployment insurance. The inflow to u,,
iIs composed of unsuccessful job seekers first from pool u,, + U, and sec-
ond from pool u,, + u;; who lose the last qualifying point at the transition.

B. Conditional Probabilities u. ; ; = Ur ;_;/u (Lemmas Al — A5)

Next we present the Lemmas Al — A4, to be used to develop the func-
tional forms of the above pool equations and the fractions &, (0, %, R;.,)-
Lemma A4 derives the conditional probabilities u. ; ; to meet a job
seeker with characteristics [E —/,T — j] from the solutions of the pool
equations.

1. Lemmas A1 - A4

Lemma Al presents solutions of the difference Equations (Al14) — (Al16)
for the different types of job seekers. To solve the equations, we use the

(@L- 7)1 - pe)
plo)+ (1 - 7)1 - p@)
tightness 6. A job seeker with qualifying counter E —/ makes a transition

conditional probability a(@)= , which depends on the

from his type-specific pool u, ; = z;. Ug r_; either because his search was

successful or because he did not meet a vacancy and loses a qualifying
point. The first event occurs with the probability p, the second with the
probability (1 - 7)1 - p). a is the probability that a job seeker who makes a

° These workers were unemployed F periods ago.
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transition will not find a job and loses a qualifying point. 1-a is the prob-
ability that a job seeker who makes a transition will find a new job.

Lemma Al (i) [Job Seekers]. 1. For the job seeker pool u. ;_;, with
i=0,..,E-1and j=i,...,T -1, the following is true:

(Al17) Ueir—y = (/Jj(l —y)@-p)" ¥ AG(Re., Jee -

2. For the job seeker pool u. ,,, with i =1,...,E -1, we have:

B 1-p T L(T i-k kK T-k : i-k .
(A18)y, , = T,0-7) {(1 - p) AGR., Je: Y, (kja @-y)r*+>a AG(RE(H))eEk}

k=0 k=1

3. For the pool u., we can prove:

__ 1P q_py,t
(A19) Ugo = 1_7(1_'0) (1 p) v ﬂ’G(REJrl)eE'

4. For the pool Uyr_.;, with j =0,...,T — (E + 1), the following is the case:

it J(E-1+k
(A20) Uor_(e+j) = (1 - p)E ! 1(1 - 7’)E AG(RE+1 )eE Z( E_1 j a
k=0 -

5. For the pool u,, the following is true:

1-p3 .
(A21) Uoo = TpI;)aE k;LG(RE—(k—l) )eE—k N

%(1 - V)EAG(REu)eE:Z_l‘;[E; ]_-1 Jj (1 _ p)j}/j[l _ (1 _ p)Tf(E+j):|

(ii) [Aggregate Pools]. 1. In the steady state, the aggregate pool
T

Ue; =D U r,, i =1,...,E-1, is determined by
j=i

1-p S
A22 = — R .
( ) Ug_ 1- 7/(1 ~ p) Z;) a AG( E—(k-l))eE—k

;
2. For the aggregate pool u, = ZuET_ ; the following is true
j=0

__1-p
(A23) Ye =10 p) AG(Re.; Je -

T-E
3. Finally for u, = ZUOT_(E+ ; the following steady state equation holds:
j=0

1-— E-1
(A24) Uy, = Tp Z aE_kj’G(RE—(k—l) )eE-k .
=0

x
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Lemma A2 provides solutions of the difference Equations (A13) for the dif-
ferent types of employed workers. We use the following notation for the
qualifying path: ¥, = (R,,...,R.).

Lemma A2 [Employed workers]. (i) For the pool of employed workers
with the qualifying counter E —i, i =1,...,E -1, the following holds:

1- a1 - pJG(R,) @-PNGRe. e, i =1

a .
(A25) eE_,- = 1_ a(l B p)ﬁG(RE ) eE_(,-_l), | = 2, ey E-2
E

-2

Z aEik (1 - p)ﬂ“G(RE—(k—l)) €r

= L i=E-1
1-a(l-p)G(R,)

x

(i) By using the difference Equations (A25) we obtain:
(A26) c; =Ff 0. R.;r....R-,R.,)E;, i=1,..E-1

where for the frequencies f. ;, i =1,...,E -2, the following holds:

(A27) (0 Ry ResRey) = 20 "= PONGRe)

[11-alo)e - pO)iG(R, )]

and for f,:

5 a(0) 40 pOVGRe ) s 0,4 i)
(A28) fy (9' e, RE+1) = 1- 6(6’)(1 ~ p(@))/lG(RZ) )
with fE =1.

With Lemma A2 we obtain the fractions gE_,.(e, YfE,RE+1), see Lemma A3,
and the conditional probabilities u, ;_; = U ;_;/u, see Lemma A4.

Lemma A3 [Fractions ¢._;]. The fraction of employed workers with the
qualifying counter E — i is

(A29) Ce_j (91 e, RE+1) =

1+ fEk ’ E E+1)
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Lemma A4. For the conditional probabilities ug ; ; =ug ; ;/u, we obtain,
with

E-1

F(Hv 5UE- RE+1) = (1 - p(@)) fE—i (9' TE—(i—l)’ RE+1 )Z'G(RE—(i—l))’

-0

the following:

#30) s gy =[NV 0PV UGRJOF 0. Re). =0, -1,

(A31) gt = (1 -a)1-p) "7 AG(Re 1 JF(0. ¥ R ).

T+1 - T i—k K T-k
032 e = (0= 30,4 Re.s) - o) 46Re )Y | oM7)

@-p)> a""%G(RE_(k_l))fE_k} ,i=1,...,E-1.

k=1

» L (E-1+k
(A33) Hor_(E+j) = (1 - p)E ’ 1(1 - 7)EAG(RE+1)pF(0’ TE’RE+1)Z( T j

k=0

j=0,....T-(E+1).

(A34) g = F(@, e, RE+1{(1 - p)z ai_k/lG(RE-(k-l))fE—k -
k=1

a-p oo © 2 -y - ]

Where fE—k =lTe_k (01 ijfk ’ RE+1) -

2. Proofs of the Lemmas Al - A4

Proof of Lemma Al. (i) [JoB SEEKERS] 1. When j =/, in view of (A15) the
statement follows directly from the equation v, , = (L - p\1 - 7)Ur (17 ()
and (A14). Now, let j > i, then by virtue of (A15), we get the following
results by induction over j:
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Ug ir ;= (1 — ,D)[7 Ug ir_(ja) T (1 - 7)UE*(I'*1)T*(J'*1)]

-1 i E 1)
= (1_[){7(-] i J(1_7) (1_p)(J 1%17(] Y /1G(RE+1)eE +
-y {J _1j(1 —y) - p)T P UHIGR, e

770 e e o,

/ -1

[T ra- ey e e

]

2. With (A15),
Ug o = (1 P) [ﬂG( )eE i Ty (UE o T Ug_ /1) (1 - 7)(”5_(/'—1)0 + uE—(i—l)l)]

_ 1(1% [,1(;( iei 7 Ug i+ W=7 NUe o + Ve an )]

We eliminate v, ,; and ug ., using (Al7), and replace u. ;,, by induc-

tion over / taking into account that (1 - y) @-p) = a, to arrive at:

1 /f-p)

)

0 o) AG(Re e (kj @y o 3 A6 Re s 4
iy S LR >ef} |

-1

Collecting terms it follows:

U io = M{Z a" kﬁ“G( )eE kT

1-y(1-p)

Lo 018, 4 [Cf () Bl e
_ (1P)) {z 8 AG(Ry o1 e + (1 —pY AG(RE+1)GE§)[ZJafk @-7)\r Tk} '

C1-40-p

3. With (A14) ug, :y(l—p)(qu +uEl) results. If we eliminate u., with
(A17) and solve for u,,, the statement follows.
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4. From (A16) Uy g,y =@ = P) WUorj0) + @ = 7 Wir 6,501 If we eliminate
Uir_(g.50) With (Al7) and Uy g, ;4 by induction over j, the statement fol-
lows:

E(E-1+k E+j-1) . e
UOT—(E+J')=|:Z[ E-1 ]7/’( +[ Eil Jyj}(l_p)b_Jl(l_V)EiG(REu)eE

k=0

- - GRS [E “1x kj -

o\ E-1

5. From (A16): Uy, = (1;p) [ug, + @ - ¥)uy +uy, ). Replace u,, with (A20),

u,, with (A18) and u,;, with (A17), to get:

Ugo = (2 pp){z 3" AG(Ry 1y e s +
a-rPl o) ol 3" 211 5 T pr e

Jj=0 j=0

i R e by P R

k=1

5o ol - p)r-w-fﬂ

E-1+7] E-1
In view of Lemma A5 (i) below and ( ) " J] ( * Jj we can write:
J

Uoo = @-p) {Ei a“ AG(Re 1) e + AG(Re.; Jee {(1 —r) - p)T ) (E ~ied J 2

b | & E-1
a‘{l - - p)]Eij(EE " § Jj @-py ﬂm
_ MEZ: a " 2G(Re_ 1) e« ~

p
O = 0 5| L) [So0%) S E*”]]

<\ E-1

(ii) [Aggregate Pools]. The equations for the aggregate pools (A22) —
(A24) can be derived from the steady state conditions or, as below, from
the pool Equations (A17) — (A21).

T T-1
1. For the pool uy; =Y Ur 7, ,inview of u.; =uUg ;o + D Ug 7, , the fol-
Jj=i Jj=i

lowing results from (A17) and (A18):
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Up, = %kzla’ k/IG( )eE .+
0~ PHGIR, - mfzj[{j(l— ot S L]
%kzla’ ’%G( )eE .+
e etre e )]'f_f[ Yopr (e pla-ar

so that, in view of Lemma A5 (i) below, the statement follows.

T-1

2. For the pool u, = ZUET j» We can write U; = Ug, + Y Ugr_;, SO that the
Jj=0 j=0
statement from (A17) for i=0 and (A19) follows.
T-E T-(E+1)
3. For the pool U, = Y Uy (¢, ;) We can write U, = Uy, + iuor_(aj)s SO
-0 j=0

that with (A20) and Lemma A5 (ii) below, we obtain the following equa-
tion:

Uy = gy + (L P P AGRe e S - p) z[E “k] "

j=0 k=0 E-1
N T-(E+1) E-1 - M- (E+7)
= Ug + (1 - p)E 1(1 - 7/)E/1G(RE+1)eE Z ( E Ijj(l - p)Jyj L ( 5) ]
j=o0 -

If we replace u,, using (A21), the proposition follows.

Proof of Lemma A2. (i) 1. For e., we get with i =0 from (A13):

€ = [1 - ﬂ’G(REﬂ )]eE + pflG(RE+1 )eE + [1 - /IG(RE )]eE—l + pflG(RE )eE—l + p[u et UE—l]'
If we replace u. +u., using (A22) and (A23) and solve for e, ,, we ob-
tain the first line of (A25).

2. For i=1,...,E-2, we obtain the following from (A13), in view of (A22):
= [1 - AG(RE—i )]eE—(iJrl) + pﬂ“G(RE—i )eE—(iJrl) + PUE (1)

i+1
= [1 - (1 - p)ZG(RE—i )]eE—(i+1) + (1 - a)(l - p)kZ: ai+1_k J“G(RE—(k—l) )eE—k
=0

= [1 - a(l - p)ﬂ’G(RE—i )]eE—(i+l) + a(l - a)(l - p)kZ: a Z’G(RE—(k—l))eE—k
=0

= [1 - a(l - p)ﬂ’G(RE—i )]eE—(iJrl) +apucg
= [1 - a(l - p)ﬂ’G(RE—i )]eE—(Hl) + a[eE—(i—l) - [1 - (1 - p)ﬂ’G(RE—(i—l)) ]eE—i] )

where we make use of (Al13) to derive the last equation. Rearranging
terms gives:

a(eE—i - eE—(i—l))+ [1 - a(l - p)/lG( -(i-1) )]eE i~ [1 a(l p)/lG(RE /)]eE (i+1)
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By induction over /i, we get: [1 - a(l— p)}LG(REf(,fl))]eEf, = aeg ;. Replacing
the LHS and solving for e, ;) gives the second line of (A25).
3. For e, and i=E-1, e =pu, results from (A13), with (A24) we get:

E-1
:(1—p)ZaE‘kiG(RE_(k_l))eE_k. From the last equation, it follows that
k=0

e, =al-phGR,)e, + (- p)z a“*IG(Re_s) )« - If we solve for e, we
get the last line of (A17).

(i) The expression (A26) is derived from (A13) by virtue of (A27) and
(A28).

Proof of Lemma A3. In view of (A26) we can write ¢, ; = f_,&.. From this,
we can conclude that Zf:gE_, =l-¢ =¢&; Zi_llf,_:_, , SO that
1
E-1 :
1+ Z fE—i (9- ij—(i—l)’ RE+1)
i=1

Inserting this expression into ¢ ; = f. ;¢ gives the statement (A29).

€ (‘9’ Ve, RE+1) =

Proof of Lemma A4. The conditional probabilities u.__; - that an applicant

has E - i qualifying points and a residual claim to the UB b of T — j peri-

ods — directly follow from Lemma Al, where we make use of Lemma A5
(i) below.

3. Lemmas A5
Lemma A5. (i) Let T >i+1>1, then the following equation holds:

R o LA R ARRY B0 b ol (] B2

=0

(i) Let T > E+1, then we can prove:

w28) "$ 0 py $F 1K) TS E Sy B -p) 1

j=0 o\ E-1 j=0 p

Proof of Lemma A5. (i) 1. Let i =0, then clearly
T-1 .
@-p)y" +[1-y2-p) 2 @-p)y’ =1 holds.

j=0

2. Assume the statement is true for j, then for i+1 and T >/ + 2 with

RHS(T) = 3. @ PRI TS S PTI RTR) L (/ ' T Jj( -p)'y’

j=0 Jj=0
it follows that
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N (S
+

i-ya-p)' S (Hl”j( p)jyf—r_fl (I”](l p)y }

= I+1 J=0 !
1. [1 _ 7(1 3 p)]i+1 |:(1 B p)T—(i+1)7/T—(i+l)|:(i Ilj — (T /_ 1)} +
T_j(zj) (- p)jyj[[l - y(1-p)] (i 711 jj - (i J; Jm .

The second summand in the above equation is equal to zero! We prove
this statement by induction over the benefit duration T >/ + 2. Clearly, for
T =i+2, RHS(i + 2)=1 holds. For the conclusion from T to T +1, in view

of the induction hypothesis, it then holds that:

RHS(T+1)=1+[1—7(1—P)]i+1{( -p)"y TIH/IJTH'_[T-_lJ T_}

T —i i

Eacerrlo-saoa )5 weerer ol (7
e p)],-ﬂ{u i p)r,-yr,{[l_ TJ rii (r . 1) T ,} o p)rfyr,-[l_ Tlﬂ

(i) 1. If T =E +1, then RHS(T)=LHS(T)=1 is true. 2. For the conclusion
from T to T +1 we develop the RHS of the Equation (A28):

RHS(T +1) = TZE(E tr J](l _py B -pli-p)” =

o\ E-1 p

T—(E+1) E-1 1 s n-Q0 (E+J) T—(E+1) E-1 i i (E+1)

=2 [ E_;JJ(l—p) pr B pp) 1, 2 ( E_Ijj(l—p) 1-p)”
T-1 §
o

~ el TEVE-1+7] ;L (T-1

sty 5 (T (L)

= LHS(T +1).

C. Reservation Income and Rents (Lemma A6)

With Lemma A6 we convert the guarantee income of the workers and the
qualifying rents into expressions which depend on the model parameters,
the tightness of the labor market and the asset values of the occupied
jobs.
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Lemma A6 (i) [Reservation Income]. 1. The reservation income of a
job seeker who neither owns qualifying points nor claims for unemploy-
ment benefits is:
Ap 4

A37 ru,, =z + 7,1 .

( ) 00 (1—,5)(1—P) 1( )p
2. The value of a job seeker who does not have qualifying points, but still
has claims to UB after j=E,...,T —1 periods of unemployment is:

(A38) Ugr_j = Ugo + bri d<,
k=1
__ plt-po)]
where d(0) = R <

3. For the reservation income of an insider with a qualifying counter equal
to E—-i, i=1,..., E -1, the following is true

A39 gz e 4 fp BT )
( ) rUE—IO Z + (1_ ﬂXl_ p)T Hl(l)p + (1_ ﬁXl_ p)(l_ p}/) kgof rHE_(I”(_l)(l)

where TEMQ-
1-py

4. The value of a job seeker with a current spell of unemployment of
length j=i,...,T -1 and E - i qualifying points, i =1,...,E -1, is:

T-j
(A40) UE—iT—j = UE—iO + bz d“.
k=1

5. For the reservation income of an insider with a completed qualifying
period we have

(A41)
-
rUET=(l_p)(1_d7)l_d bizs P L @)p™ +
1-py 1-d L-p)1-p)

pp S .
LA )2y el

6. A job seeker with a completed qualifying period and residual claims to
UB over T — j periods, j=1,...,T, has the value:

;
(A42) Ug; =Ug -b > d“.

k=T—(j-1)

(ii) [Rents]. 1. From (A39) we get the qualifying rent for a match that
makes a transition from e, .,y to e, ; with:

E—(i+1)
(A43) UE—iO - UE—(i+1)0 = (1 _ ﬂ)(l ?[;Xl _ ,0]/) kﬁ: Tk [HE—(i+k—1) (1) - HE—(i+k)(1)]'
=0
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2. Lemma 4, Equation (31), shows that for two workers with a completed
qualifying period - one is an outsider, the other an insider -, the outsider
has the weaker bargaining position. The side payment he must accept is
given by (A42)

;
(A44) Ug -Ug; =b > d“.

k=T-(j-1)

3. If we compare two workers with E — i qualifying points — one is an out-
sider with a residual benefit duration of T — j periods, the other is an in-

sider -, then the outsider is better off, (see Lemma 4, Equation (31)), be-
cause he receives a wage bonus for which, with (A40):

T-j
(A45) UE—iT—j —Ugpo = bz d“.
k=1

Proof of Lemma A6. (i) 1. The statement follows with j = E, j=T from
the asset Equations (A6), (A8) and the sharing rule (A5).

2. Assume i = E and j=E,..., T —1 then from the asset Equations (A6),
(A8) and the sharing rule (A5) we get:
Uy ; = pp 171(1)+LUOO +d[z+b+U0T_ .+1].
T @-ph-2- Bkl 1-(1-p)p )
Replace 77,(1) using (A37), and solve the difference equation to derive the
statement.

3. From the asset Equation (A8), the sharing rule (27) and the Equation
(A6) for the initial value of a filled job, we get

pp P
Ueg o = e 1)+ z+(1- 100 |-
E-i0 (1 ~ ﬂ)(l ~ p)(l ~ p}/) E—(I—l)( ) 1— oy [ ( 7)‘JE—(I+1)0]
Solve the difference equation, replace U,, with Equation (A37) and the
statement follows.

4. With the asset Equation (A8), the sharing rule (A5) and the initial value
of a filled job (A6) we obtain the following difference equation in the bene-
fit duration T — j:

U fip
(ag6) 7 (1-pfi-pli-p

)] [HE—(i—l)(l) + (1 - IB)LJE—iO] +
d[Z +b+ We_ir (i) + (1 - V)UE—(/'+1)T-(J'+1)]

First, we show that the proposition holds for T—j=1.For T —-j=1, we
can derive from (A46) that

UE—il = (1 _ ﬂ)[llfpp(l _ ﬂ)] [HE—(i—l)(l) + (1 - ﬂ)L]E—iO] +
d[Z +b+ e 0 + (1 - 7/)UE—(/‘+1)0]
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If we replace U, ., with (A39), we get:

Ug i = d{b + [1 + MJZ + (7 + /P JUE_,O} +
1-p

d(l— P?’){ Ap Ei (1) fp EdL - .
1-p (1— ,B)(l—p)T 1( )’0 + (1_/;)(1_/9)(1_ ,0}/) /;)T r E—(/+k—l)( )

If we substitute the expression in the last brackets with (A39) by
rUc ,, —z and rearrange, we obtain the statement: U, ,, = U ,, + db. For

the conclusion from T - j to T - (j —1) we eliminate U, ; and U (.,

T-(j-1)
in (A46) with (A40) and obtain U, ;4 = U, + b idk :
k=1

5. With (A8), (A6) and the sharing rule (14), we obtain the following
equation for the guarantee value of an insider with a completed qualifying
period, Ug; :

_ pp _
(A47) Ugr = (1 ~ ,B)(l _ ,D) e, (1) + p[z +b+ Wy + (1 7)UE—1T—1]-

To solve the difference equation, we need to know the guarantee value of
a job seeker with a completed qualifying period and an unemployment
spell of one period, Ug_,. The value U, ,;; results from (A40).

With (A8), (A6), the sharing rule (A5) and the wage Equation (31) we get:

= P + (1 - +
(A48) UET—j - (1 _ ﬁ)[l . p(l _ ﬁ)] [HE+1 (1) (1 ﬂ)UET]

d[Z + b+ }/iJET_(jJrl) + (1 - 7)"’E—1T—(j+1)] .

Solve the difference Equation (A48) to obtain:
(A49)

—(d T-j
-z )[1[ipp(1 - p)l : 1(— 76//);/ [7ea@)+ Q- Blg

, T
(d7/ )Tﬁ] Ugo +

i@

Ugr; = zZ+b)+
ET-j 1—d}/ )

1-y J

, &~ (d?/)k UE—lT—(j+k) :

For Ug,, we get from (A8), (A6), the sharing rule (A5) and the wage
Equation (31):

= P +1- +
(A50) Ueo = = 31— Y= 5+ 0] [17c.,@)+ @~ pWe]

L-p)
(1—P§E1— pr)+ Bp 2+ =7 Ve ).
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Insert (A50) and (A47) in (A49), to obtain the following equation for
j=1:

(A51)

P P pr —(dy)
LA Q= leir, = all)+ Z+ b+
Wer ( YMEara (1—ﬂ)(1—P)(1—,07/)HE1() 1- oy 1- py

1-y [(d;/)T U b4 (@-pfa-py)+ & Z (dy) U,y M)} :

1- py 1-pa-p8) &

Inserting (A51) into (A47) the statement follows by virtue of (A39) and
(A40).

6. From (A47) and (A48) we can deduce that
(A52) Ugr —Ugr_ i = dylUgr, - UET—( j+1)] + d(l -7 IUE—lr—l - UE—lT—( j+1)] .

Solving this difference equation we arrive at:

(A53) UET - UET—j = (d7)m [UET—m - UEO] + d(l - 7)k (dV)k l[ E 1T-k UE—lT—(j+k)]’
=1
where m=T - j.
For U, —Ug, we obtain from (A48), (A50) and (A45):
T (ms1) T-(m+1) g1 T- (m+g)k
(AS4) Ugrp, —Upg :(d?’) [UEl_ Eo]+db z (d7) 1+(1 7) Zd )

g=1 k=1

as we will prove by induction over m. For m =1, the following results from
(A48), (A50) and (A45):

T-2 B
Ugry —Ug = dV[UErfz - UEO] + db{l + (l - 7)2 d”
k=1 i
From this equation, we obtain:

T—%rlwl) k"
Ugr_m-Ugo = dy[U ET-(m+1) —U g0+ db[1+(1—7’) : d* |
-1 i

The solution of this difference equation gives (A54).
From (A42), (A47) and (A50) we get: Ug, — U, =db. Inserting this ex-
pression into (A54), considering m=T — j, we get:
Ugr o —Ugo = bd(1-d?)/(1 - d). Using this equation in (A53) and rearrang-
ing terms gives the statement by virtue of (A42), from which:

o
UE—lT—k - UE—lT—(j+k) = de_(J+k_1)Zdn .
n=0
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