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Abstract

This paper aims to examine to what extent a“ladder” e.ect may contribute to explain changes in unemployment
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model. The model is then calibrated for the Spanish economy. Our results replicate the observed decline in the
ratio of high to low-skilled vacancies, and explain how firms substitute high for low-skilled employment. These

results also suggest that in the Spanish case, ladder e.ect can be better explained by increases in training costs
interpreted as a biased-shock against low-skilled workers.

Keywor ds: Matching models, low-skilled unemployment, mismatch

JEL Classification: E24, J64

CNRS-GREMAQ
" CSEF, University of Salerno

™" European Commission.






Table of contents

1. Introduction

2. A model of the ladder effect

21
22
2.3
24
2.5

Trade in the labour market
Firms

Households

Wage determination
Equilibrium

3. Data and calibration

31
3.2

The data
Cdlibration

4. Analysis of results

41
4.2
4.3

Demand side: training cost
Supply Side: skilled labour force
Comparative analysis

5. Conclusion

Appendix

References






1 Introduction

Since the last seventies, there has been a reduction in the demand for low-skilled relative
to highly skilled workers in many industrialised countries (see OECD (1994)). This
phenomenon is usually accompanied by a deterioration of economic conditions of low—
skilled workers. In Europe, this problem has manifested itself in a large increase in
the unemployment rate together with an increase in the duration of unemployment for
low—skilled relative to highly skilled workers (Dréze and Sneessens (1997)). In the US
and UK, this phenomenon is associated with greater wage inequality across skill groups
(see Krugman (1994)). It is also generally observed that many workers in Europe have
obtained high levels of education. This latter phenomenon has led to a structural change
in the composition of the labour force, which has essentially taken place for new entrants
in the labour market (see Robinson and Manacorda (1997)).

The large increases in low-skilled unemployment rates in the EU countries may be ex-
plained in different ways. One standard explanation is “skill mismatch” resulting from rel-
ative wage rigidities in the face of biased technological shock. Another explanation arises
from job competition between highly and low-skilled workers: by applying to low-skilled
jobs, highly skilled workers manage to increase their probability to get a job displac-
ing low-skilled ones- the so-called “ladder effect”. Firms may wish to hire highly skilled
workers for low-skilled jobs, for instance, to avoid training cost (see Thurow (1975)), or
because they have a high productivity (see Gautier (1999)). The fact that highly skilled
workers may occupy low-skilled positions has been documented in several countries (see
Van Ours and Ridder (1995), and Muysken and Ter Weel (1998), for the Netherlands,
and Green et al. (1999), for the UK).

This explanation is particularly relevant for Spain where the proportion of educated
workers has sharply increased after 1980 (see Garcia Montalvo (1995), and Blanco (1997)).
Specifically it increases more from middle of the 1980’s than before. For instance, EPA
(Spanish Labour Population Survey) data shows that in 1988 only 17.3% of the labour
force attained upper—secondary schooling and 28.4% in 1996.! In Table 1, we categorise
employment and unemployment rates into educational and occupational categories. The
Table shows that the ratio of the highly to low—skilled labour force averages about 30%
and that it rose considerably during the period 1988-1996. At the same time, the un-
employment rate of the low—skilled workers rose too. For instance, illiterate workers and
those with primary and low-secondary schooling have experienced a marked increase in
unemployment rates (from 19% in 1988 up to 23% in 1996). In the same period, the
proportion of low-skilled jobs filled by highly skilled workers rose from 9.8% in 1988 to
15.1% in 1996.2

Alba-Ramirez (1993), finds that Spanish highly skilled workers on low-skilled jobs are

' More information about composition of the labour force by education in appendix A.

2We have analysed these proportions for the whole of the economy. Although the ladder effect is
relevant in all groups of workers, it seems to have a stronger importance in women and young workers

than in among older men.



mainly young skilled workers, without experience, who need a first job in order to obtain
on-the-job training. After some time, they become the main job turnover group, which
implies they move into jobs that require higher educational levels than their original ones.
Garcia-Serrano and Malo (1996), analyse the substitutability between education and on-
the-job training. They conclude that Spanish firms hire highly skilled workers to reduce
investment in specific human capital formation. Beneito et al. (1996), also conclude that
in Spain education is a substitute for on-the-job training, and suggest that this fact is a
source of inefficiency in the allocation of resources by generating overeducation’.?

The aim of this paper is to examine to what extent a ladder effect may contribute
to explain changes in the unemployment rate and unemployment differences across skill
groups in Spain. To this aim, we develop an intertemporal general equilibrium model
with two types of workers (highly and low-skilled)) and two types of jobs. We distinguish
two kinds of shocks: (i) a demand shock and (ii) a supply shock. The first case, a general
training shock, can be interpreted as a skill-biased technological shock against low-skilled
workers as well as a supply shock. Production technology is such that highly skilled jobs
can be filled only by educated workers, while low—skilled jobs may be filled by both types
of workers. Following Pissarides (2000), we assume that trade in the labour market is
represented by a matching process with a Nash wage bargain. There are three matching
functions * for each sort of employment. Highly skilled workers look for highly skilled
jobs, but if they do not find them, they look for low-skilled jobs as a temporary stop gap.

We find that the “ladder effect” increases after each shock. However, employment and
vacancies variables have not the same importance and evolution facing each shock. The
model can replicate the observed decline in the ratio of highly to low—skilled vacancy rates.
This decline is best explained by a decrease in both types of vacancies, as produced by a
training cost change. Moreover, the evolution of the decrease in low-skilled employment
is better reproduced by introducing training cost changes than highly skilled labour force
changes.

The second section presents the model, showing the specific circumstances that gen-
erate a ladder effect. The third section describes the data and our calibration procedure.
The forth section analyses the response of some key variables to (i) the introduction of a
training cost for low-skilled workers and (ii) an increase in the relative size of the highly
skilled labour force. We evaluate the implications of these shocks on the model steady
state, thereby enabling us to perform comparative static exercises. We study transitional
dynamics. The last section offers some concluding remarks.

3These studies use different data surveys and estimation methods.

4Dolado et al. (2000), build a matching model closely related to our approach. Their results focus
on the youth overeducation in Spain. Their model exogenously set the wages mechanism whereas our
model sets wages in a Nash bargaining process. This is important in terms of posting vacancies and in

the evolution of endogenous probabilities.



2 A model of the ladder effect

2.1 Trade in the labour market

We consider an economy with of two types of workers: highly skilled and low—skilled.
Highly skilled workers can perform low—skilled jobs, whereas low—skilled workers are un-
productive in highly skilled jobs. In each period there are L" highly skilled workers and
L' low-skilled workers. L" and L' are exogenous. Because firms observe the workers’ skill
level, low—skilled workers can only apply to low—skilled jobs. Highly skilled workers can
apply to both types of jobs. This creates an asymmetry among workers pertaining to
the competition between highly and low-skilled workers on the low-skilled job markets,
which is the source of the ladder effect. Although there are no differences in terms of
productivity between highly and low-skilled workers when working on a low—skilled job,
firms can incur into a general training cost whenever they hire low—skilled workers.

All variables V7, U7,, Nj, and HJ, where j,7 € {h,l} are ratios divided by their
corresponding labour force. Let N,’;t denote the proportion of highly skilled workers
working as highly skilled, Nlht denote the proportion of highly skilled workers working as

low-skilled, and U}* denote the highly skilled unemployment rate. We have
Np, 4+ N+ U =1.

Likewise, denote N} and U! the proportion of low—skilled working and unemployed. We
have

N+ Ul =1.

Following Pissarides (2000), we assume that trade in the labour market is an uncoordi-
nated and costly activity. Whenever a firm posts vacancies only a fraction of each of them
will be filled — V}, and V}, vacancies rate highly skilled and low-skilled jobs respectively.
We take a constant returns to scale the Cobb-Douglas matching function relating the
number of matches to the number of vacancies and the number of job seekers.

We assume that high-skilled workers. This group can fill highly skilled jobs or low-
skilled jobs. And low-skill educated workers can fill only the rest of low-jobs not filled by
highly skilled workers.

We distinguish two matching functions to fill low-skilled jobs: workers with more
education take first low-skilled vacancies. We assume that the efficiency matching factors
of highly skilled workers will be larger than the efficiency matching factor of low-skilled
workers.

Let us now be more precise on the timing of events, and first consider highly skilled
workers. A given highly skilled individual first looks for a highly skilled job, such that
H}', = Hy' (V! U} + N}I') are formed in period ¢. Implicit in this formulation is the fact
that job seekers are composed of highly skilled workers who do not work in highly skilled
jobs in period ¢.

When the highly skilled job seeker does not match with a firm in period ¢, she goes
on the low—skilled labour market and attempts to get a match as a low—skilled worker.

3



Then, H}', = H}’ (VALY LM 1 — N} 4 +1) are formed on this market. The level of low—skilled
vacancies posted by firms has to be adjusted for the relative size of the two populations,
in order to preserve the absence of size effects in the matching process.

Finally, low—skilled workers can be employed on a low-skilled job — not already
occupied by highly skilled workers — such that the level of hirings for the low—skilled is
H!= H! (Vl H, l’ftLh /LY, Utl), where only those vacancies not filled by the highly skilled
workers remain available to the low—skilled workers. Like the previous case, the ratio
LM/ L} adjusts for the different sizes of each group.

It is worth noting that, as in Pissarides (2000), each matching function only depends
on aggregate quantities, thus reflecting the fact that firms and job seekers have no control
on the matching process. This assumption reflects the existence of the traditional positive
trade externalities and congestion effects, associated with the matching process. The
evolution of the level of each type of employment is therefore given by:

Ni?,t+1 = Hllz,t +(1 - S)N;’Z,t (1)
Nl}ft—&-l = Hl’?t (2)
Niy, = H{+(1—p)N (3)

where s, 1 € (0,1) denote the constant exogenous separation rates for each type of em-
ployment. The second law of motion (equation (2)) represents the fact that highly skilled
workers do not occupy a low—skilled job for more than one period, but rather go back on
the search. We can interpret it as a temporary job for highly skilled workers, which is
consistent with the high turnover rate for this group of workers. Since 1984, in Spain one
third of the level of unemployment comes from temporary jobs.’?

pz’t is the probability that a highly skilled unemployed worker will be employed in
a highly skilled job in the next period; pﬁt is the probability that a highly skilled un-
employed worker will be employed in a low-skilled job; and p! is the probability that a
low-skilled unemployed worker will be employed in a low-skilled job in the next period.
Thus:

ph H’};t p Hl}’lt and pl Hl
W UR T NE T T T HE, — (1— s)NT, ol

(4)

In Figure (?7) we can observe flows in and out of employment. Below we express the
unemployment dynamic to explain the evolution in both labour markets:

Ut+1 = 1- H;’it - Hl’}t - (1= S>Nf’;t
Uby = 1—Hi— (1~ g,

5We have checked that the total destruction rate is consistent with our calibration of separation rate

of highly skilled workers in a low-skilled job. For more details see Section 3.2.



1988 1990 1992 1994 1996
high-sk. emp. as high-skilled. (N}?) 36.9 39.7 40.2 415 453
high-sk. emp. as low-skilled.(N/?) 42.3 45.0 43.6 36.5 34.6
high-sk. unemployment (U") 20.6 15.2 16.1 219 20.0
low-sk. emp. as low-skilled.(N?) 80.7 834 80.9 750 76.9
low-sk. unemployment (U') 19.2 16.5 19.0 249 23.0
rat. high ov. low-skilled. popul. (L"/L!) 20.8 24.6 283 33.5 395
ladder effec. ind. (NJ'L"/(NFL" + N'LY)) 9.8  11.7 132 140 15.1

Source: Own calculations from EPA data. The superscript denotes the education: high-skilled (h) and

low-skilled (1). The subscript indicates the occupation. Education:h=superior and upper secondary

and 1=low secondary, primary and without studies. Occupation h=range 1-3 in EPA classification (see

appendix B) and l=range 0 and range 4 to 9 from EPA classification.

Table 1: Labour rates by education-occupation (%)

Highly skilled
Unemployed
Workers (Uh)

|phh

Low skilled
Unemployed
Workers (Ul)

phl‘ 1

P

f

|
Neh

High vacancy
jobs

Nhl

NI

Low vagancy jobs

Figure 1: Flows in and out of employment



2.2 Firms

We assume a continuum of firms with measure one. In each period, the jth firm has
access to a constant returns to scale technology represented by the following production
function:

Yje = AKﬁt(LhNi’f,j,t)e (Lth’?j,t + LlNgl',t)l_a_e (5)
where K, is the level of physical capital, N}}Lb,j,t is the highly skilled employment rate
in high-skilled jobs, Nl’fj7t is the low—skilled employment rate in low skilled jobs and
N ];7t is the employment rate of low-skilled workers in low-skilled jobs. We assume there
is perfect substitution in terms of productivity between low-skilled workers and highly
skilled workers in order to fill a low-skilled job. The value of A is a positive constant that
represents the level of total factor productivity. Finally, a, 6 € (0, 1) respectively denote

the elasticity of output with regards to physical capital and highly skilled employment.

Each period, the firm invests a level I;; to form capital that standardly accumulates
as:

Koy = Lig + (1 - 0)Kj; (6)

where 6 € (0, 1) is the constant depreciation rate. It also posts vacancies. tht and let are
vacancies rates for respectively highly and low—skilled jobs, and the firm incurs a linear
cost wy, and w; per posted vacancy. These vacancies determine the employment that will
be used in the following period. The law of motion of each type of employment are given
by:

Niizl,j,t-‘rl = QZ,th,t +(1— S)Niill,j,t (7)
Ll

]Vl]}j,t—&-l = qﬁt‘/}{tﬁ (8)

Ngl',t+1 = ‘Zi (1 - q;,lt) V]l,t + (1 - N)Ngl',t (9>

where q’flt, is the probability of filling highly skilled vacancies, q{ft, is the probability of
filling a low—skilled vacancy with a highly skilled individual and ¢!, is the probability of

filling a low—skilled vacancy with a low—skilled worker. These probabilities are thus given
by

p i _HuL o H
Aht Vi ar: . a; Vi — tht LML

(10)

It is worth noting that these probabilities are determined by aggregate quantities and
thus reflect the trade externalities implied by the search process. w,}j’t, w{ft and w! are
the bargained wages. And finally, when hiring a low—skilled worker, the firm has to train
her and therefore incurs a proportional cost > per hiring. We suppose that a low-skilled
worker needs training when she is hired in a new firm, (i.e. it can lead to a change in
technology). We also suppose that a highly-skilled worker has an exogenous general skill
from her education, which avoids this training cost.

6



The period ¢ instantaneous profit can be expressed as’

_ h ath 7h h ath Th Iarl 7l
I = }/J}t_wh,tNh,j,tL _wl,tNl,j,tL _thj,tL (11)
hrh 17l 'y
—Iiy —wp ViR L — Vi L' — »H, L

Each firm j determines its factor demand and investment plan— both on the good
and the labour market — maximising its market value:”

T(Sfo) = ZRtHj,t
t=0

subject to (5)-(11) where T(S}) denotes the value of firm R, = [Tt ,(1+7,)"" and
r; is the real interest rate. Finally, the set of each firm’s state variables is S, =
{Kj,t7N£7j7t7 ]\fl’ijt,NJl-’t}. Hereafter X]’ft, X,};jyt, Xz},lj,t and Xj{t will denote the Lagrange
multipliers associated to the capital and employment laws of motion respectively. The

first order conditions associated with the control variables investment, I;; and vacancies,

tht and Y/;{t, are given by
Xk =1 (12)
Qi’:,tXi}f,j,t = Wh (13)
P X a1 =gt )X, = wi+ g1 —qf) (14)
QiNige TG Qi) = Wi 4y Qi)

Equation (12) represents the optimal level of investment, the marginal cost of capital
goods for the firm that is one. Equation (13) represents the optimal level of highly—skilled
vacancies posted by a firm. It states that the firm will post highly—skilled vacancies up
to the point where the expected marginal value of filling an additional highly—skilled
job (q,’;’tX ,}l’ i), 18 just compensated by the marginal cost to post a highly-skilled vacancy
(wn). The first order condition (14), the marginal value for the firm to fill a low-skilled job
receives a similar interpretation, up to the point the marginal cost of posting a vacancy
is complemented by an additional cost of training to hire a low-skilled worker. If we
suppose no training cost s then ¢, X/ , + qi(1 — ¢/',) X}, = wi. A part of the left side is
the expected marginal value corresponding to fill the vacancy with a highly-skilled worker
and the other part the expected marginal value corresponding to fill the vacancy with a
low-skilled worker. Both depending on their different probabilities to fill this vacancy.

The parameters will be chosen in a such a way that the firm prefers highly—skilled
workers to low—skilled ones to fill a low-skilled vacancy®:

Xl = X (15)

6 After rearranging, »H}L' = sq V! L! — %qéHl}ftLh = sql(1 — ql’ft)thLl.

"The interested reader is lead to Appendix A.1 for the optimality conditions associated to the firm’s

problem.

8We have checked that assumption 15 is validated ex-post.



2.3 Households

We now present the behaviour of each type of household — highly—skilled and low—skilled,
indexed by i. Following Andolfatto (1996), households of the same type are assumed to
be identical ex ante. The random matchings and separations in the labour market induce
different states in the labour market which can lead to ex post heterogenous wealth
positions, which would then make the problem intractable as we would have to keep
track of each individual story. For the sake of simplicity, we assume that there exists
a perfect insurance market, which allows risk averse households to fully insure against
the different income fluctuations and labour market transitions. We assume that the
labour force is randomly assigned across jobs at the beginning of each period. Thus, the
representative household assumption can be made and the probability of employment
status in any period is given by the different proportions of the employment status. A

detailed description of the household problem with full insurance is provided in Appendix
A2

2.3.1 Low-skilled households

In each period, a low—skilled household ¢ can be in two alternative states in the labour
market. We assume that it is employed with probability N} and unemployed with prob-
ability U} = 1 — N]. Depending on the state, the instantaneous utility function of the
low—skilled household i is given by:

uj, = log(C}, —T") if employed
ui, = log(Cl,—T") if unemployed

where C}, and C}, respectively denote the level of consumption of an employed and
unemployed low—skilled household. I'¥ and I'"" represent a utility cost — expressed in
terms of physical goods — associated with the state in the labour market. This cost is
assumed to be constant over the business cycle.

The household enters the period with a level of assets B!, carried over from the pre-
vious period, from which she gets interest revenues. When employed, the household
receives the real wage, wﬁjt, bargained with the firm. When unemployed, she receives
an unemployment insurance associated with the insurance contract signed with an in-
surance company.” These revenues are then used to consume C’f’t or Cf;, and to buy
new assets. Households take fully insurance against the different income fluctuations and
labour market transitions. A perfect insurance system avoids the loss of wealth associated
unemployment.’® They Therefore, the consolidated budget constraint after the insurance

9 Appendix A.2 proves that households will choose to be fully insured against the risk of unemployment.
10Where the optimal insurance after optimatisation of the problem is:

I e
0 = wi, + 17 =17 .

and after the insurance the marginal utility functions of individuals are the same but the consumption
values are different, such as C!, = C!, + ' — TV,



contract faced by the low—skilled household!! is

Ntlcf,t + (1 - Ntl)czl*t + Bg,t+1 < Ntlwl'jt +(1+ Tt)Bf,t- (16)

)

The problem of the representative household 7 is therefore to maximise the expectation
of the discounted sum of its instantaneous utility with respect to the consumption and
the assets she holds:

Zﬁt {Ntlué,t + (1 - Ntl)ui*t}

t=0

subject to equation (16).

2.3.2 Highly-skilled households

Like low—skilled households, a highly—skilled household faces different states in the labour
market. She can be either employed as a highly—skilled worker with probability N,}}’t,
employed as a low—skilled worker with probability N[}t, or unemployed with probability
Ul = 1-Np,—N/'.. For each state, the instantaneous utility function of the highly-skilled
household ¢ is given by:

UZ” = 10g(C{fﬂ-’t —I'") if employed as high-skilled
uf;, = log(Cl, —T%) if employed as low-skilled
uf, = log(Cly —T") if unemployed

where C}';,, Cl',, and C!'; respectively denote the employed household’s consumption
when she works as a highly—skilled or low—skilled worker and her consumption when
unemployed. I'* represents a cost, in terms of physical goods, associated with the highly—
skilled working activity. I and T'"" are the same costs previously defined for low-skilled
households. These costs are assumed to be constant over the business cycle.

The consolidated budget constraint after the insurance contract faced by the highly—
skilled worker is similar to that faced by the low—skilled. Now however, the household
may be in three alternative states

NGy + NiClliy + UGl + Bl < (17)
< Nf’;twl’;,ijt + Nl’}twl}fzjt + (1 + Tt)BZt'
The highly-skilled worker solves the same problem as the low-skilled worker. She

maximises the discounted sum of its instantaneous utility with respect to consumption
and the assets she holds:

oo
¢t [ nth .k hoh h h*
E 5 {Nh,tuh,z‘,t+Nl,tul,i,t+Ut Ui,t}

t=0

subject to equation (17).

Umplicit in this formulation is that the insurance problem has already been solved.

9



2.4 Wage determination

Following Pissarides (2000), we assume that wages are determined by a Nash bargaining
process between the firm and the household. The rent is shared according to the Nash
solution of the bargaining problem. Because of the coexistence of different types of
workers, there are different wage bargaining processes which give rise to different levels
of wages. At the beginning of every period, there is a re-negotiation between firms and
workers.

Let fz, 52 and & denote the exogenous parameters, which measure the bargaining
power of highly—skilled households applying for highly—skilled and low-skilled jobs and
low-skilled workers, the level of wages in a symmetric equilibrium can be shown to be:'2.

e = & (O +ohXh) + (18)
+a- g (0 ot - 1)
1— Ny,
o = ¢ (-0 gy ) ~a g 19)
1,jt jt
wp = & ((1 —a—0) L +pf:th) +(1-€r (20)
LN}, + LING,

which just amounts to the standard total rent sharing rule between the participant of
the bargaining process. The firm acquires the gain in marginal labour productivity and
the expected marginal value of a newly created job, X}, and X/. When a highly-skilled
worker is in a low-skilled vacancy, the separation rate is 1, and the gain for the firm is
only the marginal labour productivity. The share accrued by the worker is given by the
differential in the disutility of work. It is worth noting that for the highly-skilled worker,
who fills a highly-skilled vacancy takes into account the disutililty of work and of working
in a low-skilled vacancy.'?

2.5 Equilibrium

A perfect foresight equilibrium of this economy is a sequence of prices {P;}52, = {wﬁﬁt, wl’ft,
wl, )22, and a sequence of quantities {Q;}°, = {{QF}%,,{QF}2,}. {Qf}2, =
{Ci’z,ﬂ Cl}}ta CZL ) Cz!ta Czlt ) Bt{la Bf{}toio and {Qf}toio = {}/;7 It7 Kt7 Ni}LL,tv N[ft? Ntl7 ‘/thv V;Sl}toio such
that:

(i) given a sequence of prices {P;}2,, {QF}2, is a solution to the representative
household’s problem;

(ii) given a sequence of prices {P;}2,, { QF }2°, is a solution to the representative firm’s
problem;

12Gee appendix A.3 for a detailed exposition of the bargaining process
3Notice as well that T"" =T"" =0 and T! = T}.

10



(111) given a sequence of quantities {Q;}2,, {P}2, clears the goods markets in the
sense

Y = Ci+ I + wp VLY + o VI L + 5cHIV
and the capital markets.!*
(iv) wages are set according to the rent sharing mechanism.

(v) labour market flows are determined by hiring functions, Hj!,, H}', and Hj.

3 Data and calibration

We are now to analyse the response of some key variables following two alternative types
of shocks: either a relative labour demand shock (changes in training costs) or a relative
labour supply shock (changes in proportion of highly skilled workers).

Since the model has no any analytical solution, we rely on numerical simulations of
the model. The model is calibrated for Spanish data. Simulation exercises are solved with
the DYNARE sofware developed by Juillard (1996).1°

3.1 The data

The model is calibrated for Spanish quarterly data. Macroeconomic time series are bor-
rowed from Puch and Licandro (1997), who elaborated on the National Accounts of the
Spanish Economy (Contabilidad Nacional de Espafia). Aggregate consumption is given
by the sum of non-durable consumption and government expenditures, and investment
is the sum of durable consumption and fixed investment.

In order to obtain data consistent with the measure of the “ladder effect” problem,
we rely on the Linked Labour Population Survey (Encuesta de Poblacién Activa en-
lazada, EPA hereafter). This quarterly survey collects panel data of individuals during
six consecutive quarters periods. The sample runs from 1987:1 to 1996:4. It covers a
large number of individuals and characteristics, such as formal education attainment,
occupation, employment status, age and gender. It defines 5 groups of education and 10
groups of occupation (range 0-9). highly skilled workers are defined, for our purpose, as
those with a level of education greater or equal to upper-secondary education. Therefore,
low—skilled workers essentially consist of illiterate and uneducated workers, primary or
low—secondary educated workers. highly skilled occupations are taken to be managers,
professionals and technicians and support professionals (range 1-3 in EPA classification),
the rest (range 0,4-9 in EPA are armed forces, clerks, service, skilled agricultural /fishing,

MWhere Oy is equal to the sum of different households consumption taking into account their different

labour market probabilities.

5More about DYNARE and the underlying relaxation algorithm can be found in Laffargue (1990) and
Boucekkine (1995).

11



Craft-Transport, Plant-Manufacture and unskilled group) is taken to define low—skilled
occupations.'®. Ratios are reported in Table 2.

Aggregated Ratios and Probabilities

capital /output ratio k/y 9.8458
investment /output ratio iy 0.2877
consumption /output ratio c/y 0.6923
high—skilled workers in high—skilled occupations N} 0.4027
high—skilled workers in low-skilled occupations N} 0.4102
low—skilled workers in low—skilled occupations N! 0.7958
prob. for a high—skilled to find a high—skilled job ph 0.0526
prob. for a high—skilled to find a low-skilled job i 0.0915
prob. for a low—skilled to find a low—skilled job P 0.1384
ratio high over low-skilled population LM/} 0.2847

Not filled high-skilled vacancies over high—sk. labour force V}* 0.0093

Not filled low—skilled vacancies over low—sk.labour force % 0.0082

Table 2: Aggregated Ratios and Probabilities (average)

The “ladder effect” is measured as the percentage of highly educated workers who oc-
cupy a job with low-skilled requisites (N;* in our model). Finally, those highly educated
workers in a highly skilled occupation and those low educated workers in a low—skilled
occupation are represented as Nj* and N}, respectively. The highly skilled (low—skilled)
population, L" (L!), is given by the sum of highly (low) educated employed and unem-
ployed workers.

Table 2 reports the probability of finding a job for each type of individual. For our
estimations and stylised facts we have used the definitions of education and occupation in
the linked EPA survey.!” For instance, pf (or p}) — the probability that a highly skilled
unemployed individual finds a highly skilled (or a low—skilled job) — is measured as the
proportion of highly educated unemployed workers who find a highly skilled (low—skilled)

16 More detailed employment data in Appendix B.
1"The proportions and probabilities data are that we have used to solve the model (except to pftt value
set in steady state, see calibration section).
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job from one period to the other. Likewise, the probability that a low—skilled unemployed
finds a (low-skilled) job, p' is measured as the proportion of low—skilled unemployed who
are employed in a (low—skilled) occupation from one period to other, corrected by total
population.

Vacancies are measured by the number of vacancies not filled at the end of period as
reported by the National Employment Office (INEM). These data also range from 1987:1
to 1996:4 and are categorised in terms of occupations following the same definition as
EPA data for employment.!® They are taken in terms of proportion of the high-skilled
or low-skilled total population.

3.2 Calibration

Table 3 reports the calibrated value of behavioural parameters. These values are obtained
from the model to their empirical counterpart. For instance, the different elasticities of
output are set in steady state to be a constant returns to scale Cobb-Douglas. The
discount rate, 3, is set such that, using the Euler equation associated to the capital
accumulation decision, the model matches a capital /output ratio of 9.8 — obtained from
Spanish Quarterly data. Likewise, the depreciation rate, 6, is 0.0292.

Cost of vacancies w; and wy, are set in steady state. We suppose that the cost of being
unemployment is I'"" = I'"" = 0. We also suppose that the cost of working in a low-skilled
job is the same for both high and low skilled worker. Those together with the cost of
working as highly-skilled worked in a highly-skilled job I'* are set in steady state. It is
supposed that I > T =T > " =TV,

Training costs are set to zero in our benchmark case, but a sensitivity analysis to
changes in this parameter will also be considered. The total factor productivity is set
such that, in steady state, output is equal to 1.

v, the elasticity of the matching process with regards to the number of vacancies is
assumed to be the same in each function and is set to v = 0.5,.1 which lies within the
range of estimated values for the Spanish economy. The bargaining power of households
({&€/}ijeqnyy) is also set to 0.5, such that it is equal to the elasticity of matching with
respect to vacancies. As shown in Hosios (1990), this implies that the Nash bargaining
process yields a Pareto optimal allocation of resources.

First of all, the three matching functions are specified as

H, = H(VE)(1- N
h —h (on LY ho 11—y
Hl,t = Hl Vh,tﬁ (1_Nh,t+1)
_ Lh
H = H (th——

Y
Tl ) (=N

18National definitions according with R.D. 2240/79 from 14 of August. Using by INEM and EPA.
19We suppose that v = 0,5. Unlike Chapter 3, what we aim to collate in a simple way in a baseline
model are the heterogeneity of agents with skill disparities.
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Behavioural parameters

elasticity of output wrt capital
elasticity of output wrt high—skilled labour
depreciation rate

discount factor

cost of posting low-vacancies

cost of posting high-vacancies

cost of working in a high-job

cost of working in a low-job

cost of no working

training costs

total factor productivity

elasticity of matching w.r.t. vacancies

bargaining power

Q 0.3471
0 0.1143
6 0.0292
v 0.9940
wy 0.8626
wp, 0.0652
I 0.7314

M =T' 05363
" =T 0.0000

» 0.0000
A 0.6083
5 0.5000

{éf}i,je{h,z} 0.5000

Table 3: Behavioural parameters
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In the steady state, we set H], = N/',. Given probabilities of finding a job, and the level
of the employment rates, we are able to compute the average number of hirings as

H' = ph(1 — NP, and and H' = p(1 — NY).

In order to solve the model, we get the value of p! at steady state using the probability of
Hp,

. These numbers
fH{L‘!tf(lfs)N[it

finding a low-skilled job by a highly skilled workers pfft =3

can then be used to calibrate FZ, ﬁ? and T in steady state respectively. As we have
remarked in the description of the model, we assume that firms prefer to hire a highly
skilled worker in a low-skilled job, that is the efficiency factor of the matching function
H? is higher than the other parameters and its influence can be seen in that their wages
become more competitive.

The exogenous quit rates are calibrated using equations (7)—(10) evaluated in steady
state. Therefore, we obtain

The separation rate for highly skilled workers in a highly skilled job s, is larger than
the separation rate for low-skilled workers, ;. This is consistent as a high turnover rate
in the skilled workers. We set the separation rate for highly skilled workers in a low-
skilled job to the value of one. In our economy, the total destruction is about 11%. This
is consistent with the average of destruction rate for Spanish firms in Dfaz-Moreno and
Galdén (2000).2°

Skilled and unskilled vacancies, V" and V!, are defined as the sum of highly and low—
skilled hirings and unfilled highly and low—skilled vacancies. This permits obtaining the
probability that a firm fills a highly skilled vacancy with a highly skilled worker, ¢ and
the probability of filling a low—skilled vacancy with a highly or low—skilled worker, ¢/ and
q¢', as defined in equation (10). Wage variables are set in steady state. Notice that highly
skilled wages are highest. And slightly low-skilled wages larger that highly skilled wages
when the worker is highly educated in a low-skilled job. These numbers are reported in
Table 4.

4 Analysis of results

This section proposes an analysis of the response of some key variables characteristic of
the labour market to exogenous permanent shocks to (i) the training cost of low-skilled
workers and (i) the relative size of the highly skilled labour force. We first perform a
static exercise assessing the steady state implications of such changes in the model. We
then study the transitional dynamics delivered by the model in the face of such shocks.
This comparative analysis enables us to offer some insights on the role played by the
ladder effect in Spanish unemployment dynamics.

20They estimate quaterly job flows for Spanish economy for the period 93:1I to 95:1.
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Labour market variables and probabilities

hirings of high—sk. workers for high—skilled jobs HM 0.0314
hirings of high—sk. workers for low—skilled jobs H' 0.0547
hirings of low-sk. workers for low—skilled jobs H'  0.0282
effi. factor of high—sk. workers for high—sk. jobs ﬁz 0.2014
effi. factor sk. workers for low—sk. jobs F;L 0.7234
effi. factor sk. workers for low—sk. jobs H 03275
prob. of finding a low-sk. jobs by a high-sk. work. p 0.6867
wages of high-sk. workers for high-skilled jobs wi 0.9027
wages of high-sk.workers for low-sk. jobs wl 0.5632
wages of low-skilled workers w' 0.5801
high—skilled separation rate S 0.0780
low—skilled separation rate © 0.0355

prob. firm fills h-skilled vac. with h-skilled workers Q@ 0.7715
prob. firm fills l-skilled vac. with h-skilled workers @ 0.7620
prob. firm fills I-skilled vac. with low-skilled workers ¢  0.7751
high—skilled vacancies VvVt 0.0407
low—skilled vacancies Vvt 0.1532

Table 4: Calibrated parameters (Labour Market)
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4.1 Demand side: training cost

We model the relative demand shock as a change in the cost of training new low-skilled
employed.?! This change in the training cost may be seen as a consequence of a tech-
nological change. We assume that highly skilled workers do not require training: Given
their education level, we assume that they have exogenous general skills. In our model
the increase of this training cost can be interpreted as a skilled-biased technological shock
against low-skilled workers. Highly skilled workers are willing to accept low-skilled vacan-
cies temporarily. Despite their high separation rates, firms hire highly skilled workers to
avoid general training costs inherent to the hiring of low-skilled workers. This training
cost affects employment asymmetrically. An increase in this training cost decreases total
employment but more largely low-skilled employment.

Thus, we now analyse the effects of a permanent increase in the training cost paid
by the firm when hiring a low—skilled worker, sr. Figures 2-3 report the effects of a
permanent shock in s ranging from values 0.0 to 0.2, on the steady state of some key
variables characterising the labour market.

An increase in sr induces firms to reduce low-skilled employment. It therefore increases
the marginal value of low-skilled jobs, and decreases the marginal values of highly skilled
ones (see Figures 2 and 3). As the wage bargaining process implies that wages are strongly
correlated with the marginal productivity of employment, the real wage paid to highly
skilled workers when employed on highly skilled jobs, reduces more than that received
by low—skilled workers on low—skilled occupation (see Figure 2), reducing the wage gap
among them.

The increase in the value of the shock has two opposite effects for the highly skilled
workers. On the one hand, the cost of low—skilled employment rises and firms will reduce
hirings of both low and highly skilled workers. On the other hand, firms will partially
substitute highly skilled workers for low—skilled ones to fill low—skilled vacancies as the
former do not require any training. Overall, the low-skilled employment decreases most
(see Figure 2). This substitution effect explain the huge drop in N'. Besides, noteworthy
is the fact that N' drops dramatically more than both N/'and N} (see upper-left panel
of Figure 2), illustrating the substitution effect between highly and low—skilled workers
in low—skilled occupations due to the increase in the training cost.

The reduction in the marginal value and the increase in the training cost therefore
discourages posting vacancies, whatever their type, as illustrated by Figure 2. For values
of s larger than 0.1, the reduction in the number of highly skilled vacancies is larger than
the reduction in low—skilled vacancies. This reduction in both types of vacancies and
the increase in unemployment reverses the congestion effect.?? Therefore, the probability
that a firm fills a vacancy rises whatever the type of posted vacancy. But, as the increase

21'We have also considered a permanent non-biased technological shock. As in literature the increase in
the productivity of labour increases employment and decreases unemployment. However the effect in the
equilibrium unemployment rates will be neutral. Interesting further research will be to keep in temporary
technological shocks in order to experience if there exists some relationship between technological shock
and “ladder effect”.

22Under the presence of coordination failures on the labour market, an increase of competition among
firms creates a congestion effect that lowers the probability of filling up a vacant job.
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Figure 3: Steady state implication of training cost shock

in unemployment is higher for low—skilled workers than for highly skilled ones, the rise in
this probability is much higher in the case of low—skilled workers, ¢' (by an order of about
5 when ¢ takes value 0.2) . Likewise, the implied negative trade externality explains the
larger decrease in the probability to find a job for low—skilled workers. The investment
behaviour of firms leads to employment reduction for these types of occupation.

Our results are consistent with Van Ours and Ridder (1995), which give evidence
that low- and highly skilled unemployment are strongly correlated and that low-skilled
unemployment fluctuates more strongly. For instance, in face of a value of 5 = 0.1, N}
and NJ* decrease by 5%, while N' drops by an amount of 10%. This shows up in the
measure of the ladder effect reported in Figure 4.

The ladder effect, measured in terms of stocks,

LN} 100
Lh ]\/lh + LIN! X ’
illustrates the previous analysis. As the ladder effect increases by 3% when » = 0.1 to
11% in face of » = 0.2, once again reflecting the expected substitution effect between
highly and low—skilled workers that is at work in the face of a training cost applied to
low—skilled workers.

This effect is far from proportional, and the higher the training cost, the larger the
ladder effect becomes. It could be interpreted that in a society with rapid technological
progress, those less qualified will need more training to be able to work even in less
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qualified vacancies. Stated otherwise, the low—skilled vacancies will require larger skills
and the cost of qualifying low—skilled workers will rise more than proportionally.

Then, highly skilled workers take priority over low-skilled workers to fill these vacan-
cies. This leads to an increase in low-skilled unemployment. The effect is an increase in
the “ladder” effect indicator.

4.2 Supply Side: skilled labour force

There is a large amount of literature about the increase of skills in the labour force (see
Green et al. (1999)). This section analyses the effects of a permanent increase in the
relative size of the highly skilled labour force — a positive shift in L"/L! — which might
be interpreted as an increase in the aggregate education attainments of workers.

Figures 5-6 report the effects of a shock ranging from 1 to 19% on the steady state
of some key variables characterising the dynamics in the labour market.

The first direct implication of a permanent increase in the relative availability of highly
skilled workers is to shift downward the probability for this type of worker to find a job.
Indeed, the higher relative availability of this type of labour creates a congestion effect on
the supply side which, via the matching process, makes it much harder for highly skilled
workers to find a job. Thus, as can be seen from Figure 6, both p} and p!' drop. For
instance, the probability for a highly skilled worker to find a highly skilled job diminishes
by 4% in face of a 5% permanent increase in L"/L!. On the contrary, it exerts a positive
trade externality that benefits the firms and makes the probability of filling a vacancy
higher. Noteworthy is that this effect does exist both for highly skilled jobs (qF) and
low-skilled jobs (qf'), as skilled workers may apply to such jobs. Nevertheless, the effect
is more pronounced on highly skilled jobs. Conversely, the probability to fill a low—skilled
job with a low—skilled worker (¢') is lowered, as low-skilled workers are proportionally
scarcer, thus increasing the competition among firms and creating a relative congestion
effect.

The marginal values of employment that also depend on the labour market tightness
through the wage setting mechanism do not all increase. Indeed, only the marginal value
of low—skilled jobs increase while that of highly—skilled occupations decrease. This im-
plies that firms post a higher number of low—skilled vacancies whereas the number of
highly skilled decreases, as Figure 5 shows. This together with the evolution of the prob-
ability to fill vacancies implies that employment of low-skilled workers and highly skilled
workers employed as low—skilled increase, whereas that of highly skilled decreases. There-
fore low—skilled unemployment diminishes while highly skilled unemployment increases,
the overall effect on total unemployment being slightly positive.

The overall effect on wages is easily understood in the light of previous results as in-
creases in the marginal productivity of all types of employment exerts an upward pressure
on wages, which is countered by the decrease in the tightness of the highly skilled labour
market. Thus, while the real wages paid in compensation to low—skilled job increase,
those paid to highly skilled job decreases.

Beside these aggregate effects, the measure of the ladder effect — as reported in Figure
7 — reflects the earlier story, as increases in the relative size of the highly skilled labour
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force lead to an increase in the ladder, implying that more extensive use of low—skilled
workers in low—skilled jobs is at work. This is explained as the increase in the probability
to fill a low—skilled vacancy with a highly skilled worker makes it worth increasing the use
of this type of labour. In others an increase in the availability of highly skilled workers
implies that firms substitute low—skilled workers for highly skilled ones in low—skilled
occupations. However, this is not enough to compensate for the rise in the highly skilled
labour supply, implying a larger level of highly skilled unemployment. It seems to provide
a pretty good explanation to the positive correlation between the rise in the number of
educated workers and in the highly skilled unemployment rate in the Spanish economy
during the eighties.

Figures from 8 to 9 finally report the transitional dynamics of employment, unem-
ployment and vacancies that follows a 5% rise in the relative availability of highly skilled
labour force. As expected, firms instantaneously post a larger number of low—skilled va-
cancies whereas the number of highly skilled vacancies drops by a larger amount (7.5%).
Therefore, the probability of filling a highly skilled job increases due to the negative
congestion effect and that associated with low—skilled vacancies decreases by a conges-
tion effect. Therefore, highly skilled employment decreases whatever its utilisation while
low—skilled employment increases, explaining the behaviour of unemployment rates.

Nevertheless, the decrease in highly skilled employment yields an increase in the prob-
ability of filling a highly skilled vacancy, pushing upward the marginal value of highly
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skilled employment, such that after their initial decline highly skilled vacancies go up-
ward. However, this is not enough to push highly skilled employment back to the initial
steady state.

4.3 Comparative analysis

This analysis deserves additional comments that may shed light on the recent Spanish
experience. We have introduced both demand and supply changes. Both shocks are
significant to explain evolution of labour market variables, but the importance of these
changes is different.

Ladder effect and relative wages

From the last two sections, we observe that both training cost and relative labour
force changes are important to explain the “ladder effect” and reproduce the same relative
wages evolution. They have similar effects in both features, such a ladder effect indicator
increases. Both explain that highly skilled workers take low-skilled jobs leading to a low-
skilled unemployment persistence. When we introduce a change in the training cost, both
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Figure 10: Vacancy ratio V"/V?

highly skilled employment and low-skilled employment proportions decrease (see Figure
2). Since the former drops more than the latter, the ladder effect indicator increases
very significantly. Nevertheless, when a change in the relative highly skilled labour force
occurs the ladder effect is due to both an increase in highly skilled employment working
in low-skilled jobs and the fact that low-skilled employment increases at a slower rate
(see Figure 5). In both shocks real wages paid to low—skilled job increase, while paid to
highly skilled job decreases.

Employment and vacancies

Their effects on unemployment and vacancies rates are totally different. Both changes
reproduce the increase in highly skilled unemployment observed the studied period. How-
ever, the training cost change only reproduces the employment data (see Table 1). Low-
skilled unemployment only increases with the introduction of a training cost. In the other
shock, the low-skilled unemployment rate decreases. Hence, the training cost can better
explain the evolution of the “ladder effect”.

Figures 10-12 report actual vacancies for the Spanish economy for our benchmark
sample. The ratio of highly to low—skilled vacancies diminishes within this period. Indeed,
as predicted by the model under any shock the ratio of highly skilled vacancies to low-
skilled vacancies reduces (see Figure 10). In the face of a labour supply shock, firms post
a lower number of highly skilled vacancies. This reduction is even larger in the case of a
greater training cost. Decreases in the number of highly skilled vacancies would rather
be explained by both labour force and the training cost shocks as shown in Figure 11.
When there was a change in the number of highly skilled workers, low—skilled vacancies
increased in the model. While the decrease in the number of the low—skilled vacancies
posted observed from Figure 12 provides empirical support to the training cost shock.

These results are understood in our framework of temporary jobs for highly skilled
employees who work in low-skilled jobs. The model is built with a exogenous separation
rate of 1 for this group. It leads to highly skilled employees to accept low-skilled vacancies
temporarily, given that a highly skilled worker really wants to fill a highly skilled job. It
is consistent with the Spanish context where fixed-term employment contracts are more
flexible from 1984. The number of temporary employment has growth from 15.6% in 1985
to 33.6% in 1996 (see Dolado et al., 2001). From our results, firms prefer to take a highly
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skilled worker for a low-skilled job to avoid general training costs of low-skilled workers,
which is interpreted as a technological change. This leads to an increase in low-skilled
unemployment. It is also consistent with the idea that general skills of highly skilled
workers allow more flexibility to change the job. However, the importance of the increase
of the number of highly skilled workers is not negligible at all as we have commented
in this section. The change in the labour supply can also reproduce the increase in the
indicator of ladder effect in Spain. These results indicate futher research should be done
to study interrelations between demand and supply.

5 Conclusion

This paper attempts to shed light on alternative explanations for the “ladder effect”
phenomenon, which is a signifcant source of Spanish unemployment persistence.

We have used a calibrated version of the model to assess the implications of labour
demand and supply shocks. The labour demand shocks are related to the increase of
the training cost in low-skilled vacancies and are seen as a biased technological progress
against low—skilled workers. Labour supply shocks, often associated with increases in the
number of highly-skilled workers, are introduced as increases in the relative availability
of a highly—skilled labour force. Our results indicate that the ladder effect generated
by the model may account for the recent Spanish experience. The model can replicate
the observed decline in the ratio of high to low—skilled vacancies, and shows how firms
substitute high for low—skilled employment. We argue that the Spanish ladder effect
reflected by an increase in the training cost as a result of a biased shock against low—skilled
workers is better reproduced than the increase in the number of highly-skilled workers.
The positve change in the training cost of the low-skilled workers better reproduce the
evolution on employment and in particular the decrease of low-skilled employment, as
well as the evolution of the vacancy data.

What remains to be investigated is the extent to which the ladder-effect merely reflects
the role of education as an entry screening device by firms, which in turn would imply
that official job descriptions may have little relation to job-content.

Appendix A

Appendix A.1 : Decisions Rules of Firm j.
Recall that production function of the firm j is given by:

1—a—0

V.= AK; (PN, )° (LPNP,, + LN (A.1.1)

Accumulation of capital is,

Kj,t+1 - 75t —|— (1 - 6)Kj7t (A12)
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The law of motion of each type of employment are given by:

Nijen = anVie+ (1 =8Ny, (A.1.3)
Ll

Nije = ql}ftvjl,tﬁ (A.1.4)

Nipw = 6 (1—al) Vie+ (1= m)Nj,. (A.1.5)

At period t instantaneous profit can be expressed as
Hj,t — }/}71‘, - w;lN;;j’tLh — wliNl’}j,tLh — w,lsN;’tLl — Ij,t — wh‘/}}}tLh (A16)
—w V), L = scH[ L.

Then the firm solves the recursive problem

max X(S];) = Wy + 35 —T(5f1 )
subject to (A.1.1)—(A.1.6). We form the Lagrangian for this problem. Let us denote the
Lagrange multipliers associated to K, N,’;j,t, Nl}fj7t and Nj{t respectively by X ]’ft, X ,’;ﬂ,
Xl’fj’t and X! .

The first order conditions associated to the control variables investment, I, and

. h l .
vacancies, VJ, and V},, are given by

Xk =1 (A.1.7)
Wh

X}};’j’t = — (A.1.8)
Ah 4

ql’?tXl’,lj,t + qﬁ(l - ql’ft)le‘,t =w;+ %qi(l - ql’?t)' (A.1.9)

Equation (A.1.7) represents optimal level of investment, the marginal cost of capital goods
for the firm that is one. Equation (A.1.8) represents the optimal level of highly—skilled
vacancies posted by a firm. The first order condition (A.1.9) is the marginal value for
the firm to fill a low-skilled job complemented by an additional cost of training to hire a
low-skilled worker.

The marginal values of the capital and the different types of employment for the firm
are given by the envelope theorem as:

aTj,t(S]Ft) Y,

Ok = LA Vi | a A (R
ot 0K K11
oY;,(SH) Y;
h . J:t ,t . ,t h h
Qh,jt — aN}’Z»’ji — th]‘\][;;’j’t - U)j’t + (]. - S)Xh,j,t
Qh‘ _ aT],t(Sft) _ (1 —a— 9) }/},t _ ’LUh.
bt 8Nl},Lj,t (Lth},Lj,t + LZNJl',t) Lt
aT-t(SF) Y
QL = 22 (1 _q—f 2t —wt 1— )X,
o oN, e )(LhN/?j,t + DN et =%
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Combining both envelope conditions and first order conditions, we get the Euler equa-

; h h !
tions related to Kj:, Ny, Nij, and Ny,

Y.
(a—KJ’tH +1-— 6> =147 (A.1.10)
jit+1
Yietn .k

xp, = — LTS T et (AL11)

P T\ +1 = 9)X

P Yitt1 _

thjt — ; (1-a=0) (LANY 4 FLING ) (A.1.12)

R B oSS _wl}fj,t+1

1— o — Y11 _
X]{t = ; ( @ l %) (Lth}fj,t+1+Ll€Vyl‘,t+1) ) (A.1.13)
L+ 7 —wWipp (1= )X

Furthermore, parameters will be chosen in such a way that the firm will prefer to hire
a highly skilled worker instead of a low skilled worker for an unskilled vacancy,

Xje = X
This condition will be satisfied at the steady state.

Appendix A.2 : The households

We follow Andolfatto (1996), in order to solve the problem of households. Workers
flows are determined according to the matching process we described in section 2.3.
Therefore, workers are randomly selected playing a game of “musical chairs”. At the
beginning of each period, the whole labour force is randomly shuffled across a given set
of jobs.

A.2.1 The low-skilled consumer problem

This section presents the derivation of the optimal behaviour of the low—skilled con-
sumer, insisting on insurance issues.

At the beginning of each period low—skilled households face different probabilities of
being employed or unemployed as this is contingent on its status in the labour market in
the previous period. This therefore implies that 2V different possible stories in the labour
market are to be considered after N periods, each of which corresponds to a particular
individual employment path and therefore a different story of accumulation. This leads
to heterogeneity, which makes the resolution of the model extremely complicated. For
the sake of simplicity, we follow Hansen (1985), and assume that there exists a perfect
insurance system which may eliminate ex—post heterogeneity.

The instantaneous utility functions are given by

“ﬁ,t = log(Cf’t—Fl) (employed)
uj, = log(Cl, —T") (unemployed)

)

B
o o
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where ué’t and uit are the respective instantaneous utility functions for employed and

unemployed households. As in the main body of the text, we let C, and C!; denote the
respective low-skilled household’s consumption when employed and unemployed. I'" and
I'"" can be interpreted as a utility cost, expressed in terms of goods, associated with the
situation of the household in the labour market. We assume I'¥ > I'"", which ensures that
the consumption of an employee is greater than that of an unemployed household.

At the very beginning of each period — before the matching process has taken place
— the low-skilled household does not know what the situation, either employed or un-
employed, will be in that period. As a consequence, the household seeks to maximise
her expected value. Since there N! denotes the percentage of low—skilled households that
are employed. And 3 € (0,1) is the discount factor of the household. The low-skilled
household maximises the problem

VL(Sf,t) = Nil,tui,t +(1- Nil,t)uéjt + 6VL(S£¢+1)> (A.2.3)

where state variables are S}, = Sfyt{BJl:t, B!} depending whether the household is em-
ployed or unemployed, are to be considered. We made use of the fact that by definition
of p! and the law of motion of N},

Niy =pi(1 = N) + (1= )N/ (A.2.4)

The household faces the two budget constraints
Cft + Tigét + B§t+1 < (1+ Tt)Bft + wft, if employed (A.2.5)
Czlt* + TiQét + Bf;rl < (1+ ”r‘t)Bft* + Qit, if unemployed (A.2.6)

where B!, and B, denote bond holdings carried over from the previous period. At the
beginning of each period. The household receives the real wage, w!, when employed
and the insurance payment, ol,, when unemployed. Its expenditures, either employed or
unemployed, are consumption, insurance contracts purchased at price 7% and bonds.

The problem of the household is therefore to solve the Bellman equation — and
therefore maximise the intertemporal utility function — subject to (A.2.5) and (A.2.6).
Al, and AL, denote the Lagrange multipliers associated with budget constraint of the
representative low-skilled household when employed and unemployed respectively. The
problem may be stated as a Lagrangian in the following way:*

L = Ntlué,t + (1 - Ntl)ui*t + ﬁVL(Sf,tH)
+NtlAi,t ((1 + rt)Bz{t + wit - Cgt - Tigét - B£t+1)
+(1 = N)AY, (L+ ) Bl + 0y — Cly — 740l — Bija)

The first order necessary conditions associated to the problem are therefore First order
conditions with respect to CY,, C4, o, are:

(Cl, =T = A} (A.2.7)
(Ciy =T = Ay (A.2.8)
_@i,tTiAit + (1 — O‘é,t)(l - Ti)AZ =0 (A.2.9)

Z3Note that the Lagrange multipliers are just normalized by N} and 1 — N} for convenience.
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Equations (A.2.7) and (A.2.8) state that the Lagrange multipliers Al, and Al are equal to
the marginal value of consumption, considering the alternative states of being employed
or unemployed respectively. The first order condition (A.2.9) represents the marginal
value to be fully insured against unemployment.

The first order conditions related to B, and Bl are:

OVE(SL,, )
A, = p—="H A21
OVE(SL,, )
Ay = g A.2.11
Finally the envelope therefore implies
oVE(SL)
oVE(S;,) .
—5r = 1+ r) AL (A-2.13)

Envelope conditions together with first order conditions related to optimal portfolio com-
position yields the following Euler conditions:

Ay = B+ re1) Ay (A.2.14)
A = B+ ) A (A.2.15)

Insurance Company for low-skilled households: The expected profit of the insurance
company is given by the difference from the gain of the prime of insurance times the
insurances and the payment of insurance to people who were unemployed. We assume
free entry on the insurance market, profits are driven to zero, such that

I, = 750} — (1 = Nf)ol, =0

We assume the company insures the current unemployment risk. The company can
not differentiate from the state of low-skilled households. People insurance against the
probability of being unemployed and the optimal prime for the company is

i=1-N. (A.2.16)

Using these results in the optimal choice for insurance (A.2.16) in equation (A.2.9), we
end up with

I Al
Ai,t = Ai,t

for low-skilled households, whether they were employed or unemployed in the previous
period. This condition actually states that the marginal utility of wealth is independent
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from the state of the household in the labour market, which therefore eliminates hetero-
geneity in saving behaviour. Using this condition together with equations (A.2.7) and
(A.2.8), we obtain C!, = C!, + T — T, Low-skilled households have different consump-
tion levels when employed or unemployed, Cit and C’f:;, but they prefer to be completely
insured in terms of utility.

It also implies that equations (A.2.14) and (A.2.15) are equivalent and households
accumulate the same quantity of bonds whether they are employed or unemployed,
Bl ., = Bl = Bit41. As a matter of fact, households choose to be completely in-
sured, and have the same wealth in any state. This implies that saving decisions are
independent of the employment history of the household. The optimal insurance is found
using constraints (A.2.5) and (A.2.6):

I ! I
Qit_wij,t+r -

As soon as households choose to be fully insured, and provided the employed labour
force is selected randomly across jobs at the beginning of each period, we are back with
the standard representative consumer, and the notation used to distinguish employment
status may be eliminated. The representative low-skilled household ¢ maximises the
expectation of the discounted sum of its instantaneous utility with respect to the con-
sumption and the assets she holds:

Zﬁt {Ntlué,t + (1 - Ntl)ui*t}
t=0

subject to (A.2.17). Equation (A.2.17) is the consolidated budget constraint after we
introduce perfect assurance:

N{C!,+ (1= N)CE, + B,y < Njwly, + (L+1,)BL,. (A.2.17)

ijt

A.2.2.The highly-skilled consumer problem

Like the problem of the low—skilled worker, the highly—skilled worker faces different
states on the labour market.

Cp s Clyy, and ClY” denote the respective highly-skilled household’s consumption and
I'*, T and T can be interpreted as a utility cost, expressed in terms of goods, associated
with the situation of the household in the labour market. We suppose that I'l' = I', given
that they work in a low-skilled job. We further assume I'* > I'" > I'*", which ensures
that consumption of an employee in a highly-skilled vacancy is greater than that in a
low-skilled vacancy and both greater than that of an unemployed household.

B}, Bl and BJ}" denote contingent claims purchased by the highly-skilled household
in the previous period. At the beginning of each period, the household receives the
value of bonds purchased in the previous period, either highly-employed, low-employed or
unemployed. She also receives the wage when employed as a highly-skilled, the wage when
employed as a low-skilled plus the insurance payment for this unsatisfactory situation
and the insurance payment when unemployed. Its expenditures, either employed or
unemployed, are consumption, insurance and purchase of bonds.
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The instantaneous utility contingent to be employed in a highly-skilled or low-skilled
job and unemployed are,

uzﬂ-t = log(C’{f’it —TI") (employed in a highly-skilled job) (A.2.18)
u'y = log(Cly —T')  (employed in a low-skilled job) (A.2.19)
ufft* = log(Cf; — Fl*) (unemployed) (A.2.20)

As in the problem of a low—skilled worker, the highly-skilled household maximises the
recursively problem

VH(SZ) = Nﬁ,tuﬁ,i,t + Nl}}tuzz‘,t + (1 - Nlil,t - Nl},lt)u?,: + ﬁVH(SZ+1)7 (A.2.21)

where state variables have three alternative states depending whether the household is
employed as highly-skilled or low-skilled or unemployed. € (0, 1) is the discount factor.
We made use of the fact that by definition of pz’t, pfft and the law of motion of N}’}’t 1
and N/’ ;.

Niper = Dho(1=Niy) + (1= )Ny, (A.2.22)
Nl}ft+1 = pl}ft(l - Nf}f,tﬂ)- (A.2.23)

Highly skilled worker maximises her household’s problem taking into account her
discounted expected value — solve the Bellman equation subject to the budget constraints

Chra + 700+ 700 + Bruy < (L+1) By +wiy (A.2.24)
Cly+ i+ 700 + By < (L+m)Bly +uwly +0y  (A2.25)
Cl + il +7) oy + Bl < (1+r)BY + ol (A.2.26)

where o and of, are the insurance contracts with respective prices 77" and 7. The
household chooses among both type of contracts to be insured against the probability
of being unemployed or employed in a low-skilled job. When she works as a low-skilled
employee, she receives g} to compensate the wage differential with respect to a highly—
skilled job. When unemployed, she receives gf} as unemployment benefit. A} ;,, A}, and
A" denote the Lagrange multipliers associated to budget constraint of the representative
highly-skilled household when highly-employed, low-employed and unemployed, respec-
tively.
As in the problem of the low—skilled worker, we first form the Lagrangian

h . h h. h h B\, ok H( ah
L = Nh,t“h,i,t + Nl,t“l,i,t + (1 - Nh,t - Nl,t)“i,t + BV (Sit+1)
_{_N}f: AZ . ( (1 "‘Z"t)hB/}zl,it:: Q;LJZzt - }?l}zl,it_ )
bt “TiOi — T¢ O — Bh,it+1

(1+ Tt)Bﬁit + wl}fit + QZ - Cl]?it_ )

h Ah
+N AL h o h B h
T Ty 0 — Tt O — Bl,it—H

(=t = Vgt (LB e ).

h h R* _h* h*
T O — Ty O — Bit+1
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The first order conditions with respect to C},, Cl%;, Cli, ol and g}y are:

(C;zl,it - Fh)_l = AZ,it (A~2-27)
(G =Tt = Al (A.2.28)
(CF — 1M = Al (A.2.29)
_Nlizz,tT?AZ,it + Nl},lt(l - T?)Aﬁit - (1- Ni’zl,t - Nl}}t>T?AZ€* =0 (A.2.30)
_N/’;,tT?*AZ,it - Nl’?tT?*Alffit +(1 - Nf}bl,t - le,bt)(l - T?*)A?t* =0. (A.2.31)

Equations (A.2.27), (A.2.28) and (A.2.29) state that the Lagrange multipliers AJ ;, Al
and A% are equal to the marginal value of consumption in the corresponding state on the
labour market. The first order conditions (A.2.30) and (A.2.31) represent the marginal
values to be fully assured taking into account the probability of being employed in a
low-skilled job or unemployed respectively.

The first order conditions related to By, ,,, BJ';,,, and Bl are:

A = ﬁ% (A.2.32)
Al = ﬁ%iﬁl) (A.2.33)
Al = 5—8V; é‘,?fjl) (A.2.34)
Envelope theorem related to B,’;it, Bl’fit and Bl yields
%gi) = (1+r)AL, (A.2.35)
%ﬁ) = (L+m)AL, (A.2.36)
%(;5) (14 7,)AL (A.2.37)

Envelope conditions together with first order conditions related to optimal portfolio
composition yields the following Euler conditions:

Ap o = B+ 7o) AR 0 (A.2.38)
Agit = 5(1 + Tt+1)AZit+1 (A239)
Al = B+ ) Al (A.2.40)

Similarly to the low-skilled problem, we can express the problem of an insurance
company for highly-skilled households as

h h h* _h* h h h R\ h*
=70 +7; 0 — Nl,tQit —(1- Nh,t - Nl,t)Qit =0,
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from which we get 7} = N}, and 7" = (1 — N}, — N}Y).
These results together with household’s first order conditions implies:

R _ Ak _ AR
Apyw = Al,it = Ay

Bl}f it B;,Lit = BZ:
which, together with the Frischian demand for consumption, yields
h h h ! h
Ch,it I = Cz,z't —I'= Cit* o

Therefore, the levels of insurance are given by o}, = wy; + ' — T —wp;, and off =
w,’}ﬂ-t + T —Th,

To summarise, as in the low—skilled worker problem, as soon as households choose to be
fully insured, and provided the employed labour force is selected randomly across jobs at
the beginning of each period, we are back with the standard representative consumer, and
the notation used to distinguish employment status may be eliminated. A representative
highly-skilled household ¢ therefore maximises the expectation of the discounted sum of
her instantaneous utility with respect to the consumption and the assets she holds:

(o]

t h . h h  h h h h*
E B {Nh,tuh,i,t + Nl,tul,i,t +(1— Nh,t - Nl,t)ui,t
t=0

subject to (A.2.41). Equation (A.2.42) is the consolidated budget constraint when we
introduce perfect assurance:

h h h h h ~h* h h h h, h h
Nh,tCh,i,t + Nl,tcl,i,t + U, Ci,t + Bi,t+1 < Nh,twh,ijt + Nl,twl,ijt + (1 + rt)Bi,r (A.2.41)

Appendix A.3 : Wage determination

This section is devoted to the exposition of the wage bargaining process, which is
determined by a Nash bargaining criterion, therefore yielding a surplus sharing rule. At
the beginning of every period a re-negotiation simultaneously occurs between the firm
and workers of each group. Otherwise there will be many wages as workers and the
macroeconomic dynamic would be done with respect to a wages distribution. Therefore,
workers negotiate their wages with the firm and they account for separations and hirings
probabilities.

The wage setting behaviour is obtained maximising the following Nash criterion with
respect to the wages which maximise the weighted product of the workers’ and the firm’s
net return from the different job match.

The gains of the firm corresponds to marginal values. Thus, let €27 ;, the surplus of
the firm associated to each group of employment. The gains for workers’ correspond
to the sum of the utilities when they are employed minus the sum of utilities when the

negotiation fails and they become unemployed. Let %: the different surplus of workers
associated to each group of workers in terms of goods. Where (7,¢) = {(h, h), (h,1),(l,.)}
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and &, are the exogenous parameters of bargaining powers of each group of workers. Thus,
the Nash bargaining criterion problem to solve is

e (T &
max (%t)1 i <A_£1t) '
‘2

Wi, it
We define the surplus of the firm and the workers as following:

A.3.1. The firm j surplus

Let us first characterise the surplus which accrues to a firm 5 when it employs a highly—-
skilled worker on a highly-skilled position. This is essentially given by the marginal
value of a highly—skilled employment, QZ ;i From the optimal condition associated with
a highly—skilled employment, we get

Y
h

’jt

@,

Likewise in the case of a highly—skilled worker employed on a low—skilled position, the
marginal value of employment is given by
Q= (1— a— f)—d o (A.3.2)
Ljt — a LhNP. + Llel-t Wh,ijt- e

1,jt

Finally, when it hires an additional low—skilled worker, this gain is given by
Y;
+ L'N},

Qé‘t =(1-a-20) - ngt +(1— N)Xgl't (A.3.3)

LrNP,
where Xﬁjt and X!, are the Lagrange multipliers associated to employment laws of
motion.

A.3.2.The household ¢ surplus

Let us now present the determination of the surplus which accrues to each type of
worker.

The low-skilled worker:

A low—skilled worker, when employed in period ¢, instantaneously derives utility as-
sociated to her extra gains in the labour market (A; times the wage revenues net of
disutility of labour in terms of goods). Furthermore, in the next period, she may still be
employed with probability (1 — p) or laid off with probability p. Therefore, the utility
gain of an employed low-skilled worker in the labour market, 17, is given by

le,it = Ait(wijt - Pl) + 0 ((1 — 1) le,it+1 + ,UJT?,itH)

where A;;?* is the marginal utility of consumption. Likewise, when unemployed, the
low-skilled household gets, T},

lu,it =—AaI" + B (pl,tTiitH + (1 - pl,t)T;fitH) .

Y e
gt Ai,t - Az,t

24From Appendix A.1, we can see that Al

K3
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Then, the net surplus of a low—skilled worker in the labour market is given by
\I[ét = Tiit - Tl it T A’Lt(wz]t + Fl* Fl) + 5(1 — K =D t)‘Ijzt—&-l (A34)
The highly—skilled worker:

A highly—skilled worker may be employed either in a highly—skilled or a low—skilled
vacancy, or may be unemployed. When employed as a highly—skilled worker, she instanta-
neously derives utility A;;(W}* —I'"), and in the following period she may be unemployed
or employed on either a highly or a low—skilled position. Therefore, the utility gain in the
labour market for a highly—skilled worker employed on a highly—skilled position is given
by

L—8)Y0 oy +spp, T+
Th o Az wh R Ph + ( h,it+1 Lt~ 1ait+1
Pt t( hoigt ) ﬁ +S(1 - pl t)Tu it+1

where T?m.t, Tffit and T",, respectively denote the utility gain when a highly-skilled worker
employed in a highly—skilled job, in a low—skilled job or unemployed worker.

Following the same procedure, the value of a highly-skilled worker employed in a
low—skilled position is

Thiter T (L= b )0 Xliat
Yh = Ay(Wh  — T _’_ﬁ(pht hyit+1 ht /Pt L it
bt Wi ) (1_plt)(1_p2t) Zzt-i—l

and similarly the value when unemployed is

T B W LG < Dh, e Th e T (1= p}ﬁ}f)pth?th"‘ )
wit = (1_plt)(1_pht) u,it+1

The surplus of a highly—skilled worker, when employed on a highly—skilled position, is
actually given by the gain from being employed as a highly-skilled worker minus the gain
from being employed as a low—skilled worker times the probability that this event occurs,
minus the gain from being unemployed, times the probability of being unemployed. Such
that the overall surplus is given by (using the law of large number)

h _ ~h h h h h h h* !
Upw = Ypaw— 0Vl — (U =0 1) Ve = N (wpyy + T —TY)

hooo_ A h h Nl’}t h !
\I’h,z't = gt | W5 — " — 1_ NP (wl,ijt -1
Rt
h
1—L " 1—s—pp,)0uh A35
+ h + (1= 5= pp) Vi1 (A.3.5)
]_ - Nh,t

When bargaining on a low—skilled job, the only opportunity left is unemployment such
that the surplus is now given by the difference between the utility gains from being
employed on a low—skilled position minus the utility gains from being unemployed

Wi =X — Thy = MW+ T =T (A3
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We now examine the Nash bargaining process that determines the real wage in each
case.

The Nash—Bargaining process

The wage setting behaviour is obtained maximizing the following Nash criterion

&

1-&7 \IlZit

max (2] . c ==
W ( f,jt) (A’Lt>

Oijt
where (7,0) = {(h,h), (h,1),(l,.)}. The first order condition associated to this program

— making use of the definitions of the corresponding surpluses — yields

G o _ Vi
A v

The marginal values of employment of the household and the firm together with the above
equation implies

wh, = & oYt _ +pp X (=€) NE r (A.3.7)
hyt h LhN;Z"t h,t“*h,t h + 1711\}:}:‘15 (wlh;t - 1‘1[) N
Y.
wl}ft =& ((1 —a—10) LFNT :_ LlNl,t> +(1-gnr (A.3.8)
)] J
w = & {(1-a-0) Yie +p X, | + (1 =€EHrt (A.3.9)
! LAN, 4+ LIN}, !

assuming a symmetric equilibrium, and using the fact that, in our calibration, We have
assumed I''" =T = 0.

Appendix B: Stylised facts and data definitions

Spanish education levels have steadily grown from the beginning of the 80’s and
especially from the middle of the 80’s. We can see in Table 7?7 the evolution of education
level for the Spanish labour force. The Illiterate and Primary Schooling have steadily
reduced the weight in the Spanish labour force. The increase in education has greatly
enlarged the secondary group and has made the top educated people (Upper-secondary
+Superior schooling) increase its weight by 100% in the labour force.

But the most problematic issue is the high persistence of the unemployment rates in
those low-skilled groups. Illiterate and Primary Schooling have worsened their unemploy-
ment rates during the last decade while the top educated largely reduce unemployment
rates in the booms and do not increase so much in the crisis (see Table 77).

Employment data

Linked labour Population Survey (Encuesta de Poblacién Activa enlazada, EPA here-
after). This quarterly survey collects data of same individuals during six consecutive
quarters periods. It covers a large number of individuals and characteristics, such as
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formal education attainment, occupation, employment status, age and gender. For our
estimations and stylised facts we have used the definitions of education and occupation
in the linked EPA survey.?’. We have estimated our data in the introduction and in the
section data and calibration at following. We have divided as below between high and low
skilled categories the education and the occupation. Then, we have observed the state of
worker in the period and her situation by education and by occupation to estimate the
percentages of labour market (i.e. N/ = a person who is highly-educated and is employed
in a highly-skilled category). To estimate probabilities we have observed an unemployed
worker with her education in a period and we estimated what the probability would be
that the same person take a high or low skilled job in the next period. Data are estimated
by quarters from 1988 to 1996.

Definitions:

e We use 5 groups of education:

1. Illiterate and uneducated persons.
2. Primary education.

3. Low-secondary education.

4. Upper-secondary education.

5. Superior.

Highly—skilled individuals are defined, for our purpose, as those with a level of edu-
cation greater of equal to upper-secondary education. Therefore, low—skilled individuals
essentially consist of illiterate and uneducated persons, primary or low—secondary edu-
cated people.

e We use 10 groups of occupation (range 0-9 in EPA and INEM classification):

1. 1.Business and civil service management.
2.Technicians and scientifics and intellectual professionals.
3. Technicians and support professionals.
4.Clerical employees.
5.Workers in restaurant, catering, personal and security.
6.Skilled agricultural and fishing workers.

7.Artesans and skilled manufacturing, construction and mining (Craft-Trade work-
ers).

8.Facilities and machine operators, fitters (Plant-Machine Operators).
9.Unskilled workers.
10.Armed Forces.

ZFor estimations of proportions and probabilities we have used the SAS (Statitical Analysis System)
program.
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Highly—skilled occupations are taken to be managers, professionals, technicians and
support professionals (range 1-3 in EPA classification), the rest (range 0,4-9 in EPA)
are armed forces, clerks, service, skilled agricultural\fishing, Craft-Transport, Plant-
Manufacture and unskilled group) is taken to define low—skilled occupations.
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