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Simulating the Lisbon skills targets in WorldScan

This paper explains the theoretical backgroundatiadytical methods, calibrations,
assumptions and computations of the skill inputgtie WorldScan analysis on the skills
targets of the Lisbon agenda. The Lisbon skillgets are implemented in WorldScan using
most recent theoretical and empirical researclumdn capital theory. In particular, a satellite
model for WorldScan is developed which disaggregjbtgh skilled labour in S&E and non-
S&E workers, and low skilled labour in workers wigtimary education (or less), lower
secondary education, and higher secondary levaddudation. In addition, workers can acquire
skills through on-the-job training. The qualitytbe workforce may also increase by a higher
quality of initial education. Finally, a stylisedtwort model is developed to capture the time-lag
between changes in policies and the eventual imgratte labour force. In implementing the
skills targets we take heterogeneity between varkiu countries into account with respect to
the following skill variables: initial average ldsef education, the returns to education,
graduation rates in upper-secondary educationicpation in on-the-job training, and the

graduation shares in S&E education.
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Introduction

This document explains the theoretical backgrouadalytical methods, calibrations,

assumptions and computations of the skill inputstfe WorldScan analysis on the skills
targets of the Lisbon agenda. These computatioascarried out for the Competitiveness
Report of DG Enterprise. The chapter analysestfivgets of the Lisbon agenda by means of
what-if simulations with the WorldScan model. Thesldon agreement concerns targets on

skills. The Lisbon agenda mentions the followinglgdn this respect:

By 2010, an EU average rate of no more than 10% sehool leavers should be achieved.

By 2010, at least 85% of 22 year olds in the Euaop&nion should have completed upper
secondary education.

By 2000, the percentage of low-achieving 15 yeaisdh reading literacy in the European
Union should have decreased by at least 20% comhparthe year 2000.

By 2010, the European Union average level of padion in Lifelong Learning should be at

least 12.5% of the adult working age population§2Sage group).

The total number of graduates in mathematics, sei@md technology in the European Union
should increase by at least 15% by 2010 while atstime time the level of gender imbalance
should decrease.

The current state of affairs in the EU countries lsa found in Commission Staff Working

Paper: Progress towards the common objectivesuoatidn and training, SEC(2004) 73.
Currently, WorldScan (WS) uses production functiaith two skill levels, which

correspond with:

Low skilled: ISC levels 01 + 2 + 34, so all up trdancluding completed secondary education.

High skilled: ISC levels 5 + 6: tertiary education.

Effects on productivity and wages result from shifetween low and high skilled labour.
However the above targets induce no shifts betw&#ilevels in WS. Targets 1 - 3 concern
shifts within the low skilled category, target Shcerns a shift within the high skilled category
and target 4 may relate to both categories buthailtily induce any shifts between categories.
To compute the impact of reaching the targets arc&tibn and training we developed a
small, independent ‘satellite model’ to WorldScahjch incorporates various aspects of skill-
formation needed to simulate the targets. Thisrsiba allows for three disaggregated skill
groups at the lower education level and distingegdhetween two types of higher educated
workers: non-science&engineering (S&E) and scieraregfineering workers. Furthermore, the

satellite model captures on-the-job-training areldhality of education in a rudimentary, but



consistent, fashion. And, finally, a simple flowpapach to the labour market is introduced to
capture the time-lags of policy changes on aggeegetcro-economic outcomes.

In particular, we first apply nested CES sub-praiducfunctions within each aggregate skill
group to capture the heterogeneity in skill-lev8sbcategories of labour are nested in the low
and high skilled categories. We allow for threeetyjpf lower education (ISC01, ISC2, ISC34)
and two types of higher education (ISC56: non-S&H S&E students). These sub-production
functions are calibrated on the basis of subsbituélasticities and returns to education that are
found in the literature. It was not to explicitlyclude these lower level CES functions in the
full WS-model due to time limitations. Our WorldScskill ‘sub-block’ allows for simulations
of each of the Lisbon-targets. We compute the diffee between the current state of affairs in
each of the EU member state and the Lisbon targéshen use the developed methodology to
compute inputs for the WorldScan model for eachtrgu

Second, we incorporate on-the-job training to caplifie-long learning effects. We use a
short-cut to incorporate on-the-job training byualing for growth in the number of efficiency
units of human capital. Changes in life-long-leagnpatterns translate in higher growth rates of
human capital stocks. Furthermore, we capturel-bkijets-skill’ effects of human capital
gathered on the job (cf. Heckman, 2000).

Third, the quality of formal education may impra@that the levels of human capital of
future cohorts entering the labour market incremsapared to current cohorts. We simply use
an index for educational quality which we adjusaansequence of the literacy target.

The fourth and last aspect of implementation ititihe lag between formal education and
the skill structure of the labour force. It takeamy years before the skill structure of the labour
force has adjusted to the higher educated cohmatddave formal education. To take this into
account a stylised cohort model is used to comiihetémpact of reaching the targets in 2010 on
the skill structure of the labour force in the per2010-2040. Moreover, we allow countries to
‘catch up’ towards steady state levels of educatidhe work force. For example, the
graduation rates in higher education are typicstilyabove the fractions of higher educated
workers in the population. Hence, the share ofdnigdducated works in the population still
increases in the absence of the Lisbon targetsadkieowledge an important caveat at the
outset. Our simplified demographic structure iswale approximation to reality because we
assume that all cohorts are equally sized. Althdhgtsimulations of the skills model are
somewhat sensitive to the underlying demograptsaragtions, this approximation affects the
baseline time-paths and the Lisbon time-pathshientorkforce equally. As such, the
demographical assumptions will not create a sydierheas when comparing the Lisbon
simulations with those of the baseline.

Further, the implementation has a regional dimena®well. European Commission (2004)
shows that countries differ with respect to theitial position vis-a-vis the targets. At the same

time, European Commission (2004) emphasises thaatigets apply to the EU as a whole and
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not to individual countries. In accordance with tiker Lisbon simulations we follow a general
rule to compute country specific targets. We sedigper limit above the Lisbon-target, which
is above the highest initial level observed forcallintries as individual countries sometimes
exceed the targets in the baseline years. We #tahestarget for a country proportional to the
distance of the initial value and the upper linfitis is the same procedure that has also been
applied for the employment and the R&D target.his ivay countries that are at the largest
distance from the target have to make the lardést eAt the same time, because the upper
limit exceeds the target, countries that have redanr exceeded the target are still assumed to
make some (although generally small) effort. Thiy emception to this rule is the target on
mathematics, science and technology graduatespEanoCommission (2004b) specifies this
target as a percentage change and we uniformly aipgat change to all countries.

Differences between countries’ levels of educatjenerate differences in returns to
education. Returns to education are high (low)uartries with a low (high)-skilled labour
force (see Harmon et al., 2003, in particular p13b)capture this, we calibrated country
specific returns to education that depend on tfierdnce between the average number of years
of schooling of a country’s labour force and therage number of years of schooling in the
EU. One year less (more) schooling compared t&tha@verage yields one percent higher
(lower) return to education. Finally, to calibraéite stylised cohort model we calculate country
specific inflow and outflow rates from the poputetiprojections in the WorldScan base path.
That has been done for each country accordingdcctiteria. Firstly, population growth in the
stylised model has to equal the average rate aflptpn growth until 2040 in the base run.
Secondly, the outflow rate in the stylised modd taequal the average outflow rate out of the
population between 25 and 64 years of age in tee peojection of WorldScan.

The satellite model calculates a time path of tloegase of labour efficiency that originates
from Europe reaching the skill targets in 2010 bgnbining disaggregated skill categories, on-
the-job training and quality of education with glisied cohort model. This increase in labour
efficiency is subsequently inserted in the WorldSo®del, which computes the general
equilibrium effects of the education and trainirajiges.

The what-if character of the simulations implieatttve do not explicitly deal with the
policies required to reach the targets. Nevertlselgsme simulations still capture the most
important costs of achieving the skills targetsnaby the opportunity costs of increasing levels
of education and the opportunity costs of acquirmage skills on the job. In particular, raising
the number of better skilled workers in the popatatutomatically implies that there are less
low skilled workers available. Also, increasingitiag efforts will automatically imply lower
labour earnings in the short run as workers spessitime being productive when they spent
their time accumulating human capital. However igv@re the direct and institutional costs
associated with larger levels of investment in farsthooling and training. In addition, the

policy costs are not taken into account of increguiteracy levels and of shifting the



composition of graduates from non-S&E to S&E fiellee economic costs of reaching the
skill-targets are likely to be too low in the siratibns. Further, a large number of uncertain
parameters are involved in the simulations. Wharpuessible we have chosen the most
plausible values known from the economic literatlmemany instances, parameters are not
precisely known and set them at values we consigigmistic. Consequently, the effects of
reaching the Lisbon targets are likely to be ovareded. Therefore, one can view our
simulations as a rosy picture of reaching the Listawgets on skill formation because we are
likely to underestimate the costs and overestirtteeffects.

This note describes the methods and assumptiodsiugiee simulations. In section 2 we
describe the disaggregation procedure. In sectiwa Bitroduce on-the-job training. In section
4 we analyse the cohort effects on the labour niahkesection 5 we present the simulations

that are used in WorldScan and the results foskiile‘'sub-block’.



Disaggregating skill-groups

This section explains how the skilled and unskiliegdups of aggregate labour are
disaggregated to allow for the three types of l&ilexl labour (ISC01, ISC2 and ISC3) and
two types of skilled labour (non-S&E and S&E worReror convenience we introduce

notation first:

HYC aggregate skilled workers at tiri countryc.
Hit'C skilled workers of typé at timet in countryc, i = 1,2 (i =1: non-S&E graduates (ISC
56),i = 2: S&E graduates (ISC 56).

L1 aggregate unskilled workers at titri@ countryc.

L}'C unskilled workers of typeat timet in countryc, i = 1, 2, 3 (= 1: only basic education or
less (ISC 01)i = 2: lower secondary education (ISC ¥, 3: higher secondary education (ISC
3)).

whc aggregate skilled wage rate at titrie countryc.

w}_’c aggregate unskilled wage rate at tinie countryc.

w}fi skilled wage rate of typieat timet in countryc, i =1, 2.

w}_cl unskilled wage rate of typbat timet in countryc,i =1, 2, 3.

_Inwf —Inw®

B¢ L constant (over time) ‘Mincer’ rate of return inurtry c of §;j years more

ij i

education from typéto typej.*

n,t n,t
o= —ﬂ%} constant (over time and countries) elasticityudfstitution between the
n WH' WL'

aggregates of high skilled and low skilled labour.

din{HM /H . ) o o
OH z—dl e constant (over time and countries) elasticityudstitution between the
WY i TWY

high skill-types andj fori,j = 1, 2, and #]j.

oL =- dIn(L:’t‘ /L?")

" constant (over time and countries and betweersldlivtypes) elasticity
n WL’,i

n,t
Iy i

of substitution between low skill-typésndj fori,j = 1, 2, 3, and #j.

* The Mincer return to education equals the internal rate of return of increasing educational levels if direct costs are

negligible and lives of individuals are infinite. The depreciation rate of human capital is included in estimates of the return,
i.e., itis a net-return. Heckman et al. (1998) moreover suggest that depreciation rates are approximately zero.



We drop time and country indices in the remaindehis section.
Let the aggregate production function be defineer @ggregate skilled labokraggregate
unskilled laboutL, and other inputs like capital (denoted by thetmeX):
F(ABH, AL, X).
A'is a general efficiency parameter denoting thieieficy of total labour inpuB is a
parameter denoting skill-biased technical chanigethe first stage, firms maximise profits
which are equal to total revenyas(.) minus wage costs (and other outlays on faabrs
productionC(X) whereC(X) is the cost function wit’ > 0,C" <0
M = pF(ABH, AL, X) =wyH —w_ L - C(X),
wherewy andw,. denote the aggregate skill prices for skilled anskilled labour respectively.
First-order conditions for profit maximisation gitlee following factor pricing equations for
skilled and unskilled labour:

OF (ABH, AL, X) _
p——————— " =w
oH

OF (ABH, AL, X) _
P aL L
WorldScan assumes that high and low skilled workeesnested through a CES sub-production
functionG(.)

AG(BH, L) = A(aH (BH)” +a, Lp)”p,

andp =1 — 16, ay + o = 1. Consequently, we can wri¢ABH, L, X) = F(AG(BH, L), X) and

OF (AG(.),X) dG(BH,L) _
p = WH
G oH

o OF(AG().X) OG(BH.L) _ "
oG oL

The correct share parametersando, are generally unknown. If we know the share
parameters and the elasticity of substitution wefaly specify the sub-production function
G(.). We apply the ‘Mincer’ rates of return to vargotypes of education to identify the share-
parameters in general equilibrium up to the elagtaf substitution. We then fix the elasticity
of substitution at some reasonable value to fylgcHy the aggregate sub-production function.

Hence, we can derive the skill-premium betweeneskiand unskilled labour as

Wy _ 9G/0H :a_HBp(i)’”

Zwe require that the elasticity of substitution between skilled and unskilled labour is larger than one for this to work, i.e.,
o > 1. Only in this case, the income share of skilled workers increases if B increases. This can be checked using routine
algebra. o > 1 is empirically plausible, see Jacobs (2004).



Taking logs from both sides and recognising the fact beaMincer return to education equals
|“(W—H):A|“WL H = BLHSLH
w ' ' '
we find
p-1
In W_H :ﬂL HSL H :|n(aG/aH):|n a_HBp(i) i
W ' ' 0G/dL ap L

Rewriting the last expression gives

BLHSLH =In[ aH ]+p|n B+(p—l)|n(i].
' ' l-ay L

We can solve this equation to find the shaseando, in the macro-production function as
functions of the substitution elasticity, and the Mincer#retu

1

a =——,
L 1+expé

__exps
H ™ 1vexpe’

where
£=Bnsun +-pin(t)-pins
Note that the shares are dependent on both the relative sypilipand the level of skill-
biased technical chandein the calibration yeaB(= 1).

In the second stage, firms decide upon optimal quantitieadf type of labour within each
aggregate skill group. Let the high and low skilled agategibe nested through a CES
production function of the various skill sub-types

1 py
H s|(H1,H2):(aH JHPH +aH,2Hé0H) ,

1/ p
L=3(L, Lz,Ls):(aL,lLfL +a LB +0L,3L§Lj "

wherepy = 1 — 164 andp. = 1 — 15,. Hence, firms minimise the total wage costs to achieve an
labour inputd(.) andJ(.) within each category subject to the aggregate expendituséraiois
for each type of labour

Wy 1H1 +wy oHz =wyH,

WL,1L1 + WL,2L2 + w|_,3L3 =w L.

Again, the parametersy ; and a ; are unknown. We apply the same procedure as @bove
find the sharesry ; i =1, 2anda ;,i=1, 2, 3. First, we derive the shares for théeski

group, then for the unskilled group. If skilled \Wers are paid their marginal products, then

WH a_|sz 1
6H1 ’



and

wy O o
HOH2 H,2:

Hence, the skill-premium follows from

-1
WH 2 0l /3H, _ aH 2( Hy YM
W1 O1/Hy  ay 1\ Hp

This can be rewritten to find the Mincer returnsrafreasing education from high-skilled type 1

to high-skilled type 2:
Pyl
WH 1 ' ' ol /oHq ay ,1k Hq

aH,2 Ho
S =In = |+ -DIn| —& |,
PHy, H,SH, H, [UH,lJ (pH -1 [HJ

Since,ay 1 =1-ay 2, we can find

aH,2 H
B, HySH, H, :'“[ ]+(pH -1)In[H—ﬂ,

1-ay 2

aH 2 H
= eXF{,BHl, H,SHy, H, + (0= PH )ln[H_iJ}

1-ay 2

So that

1

ay1=——"7—,
H.1 1+expéy

__ eXpéy

ay 2= ———"—,
H27 14 expéy

where
- - Aoinl)
$u = By n,Sh,n, T L o) IniEE ).
Therefore, if the ‘Mincer’ returrﬁHi,Hj and the amount of schoolir@{i,Hj needed to

become a higher skilled worker is known at thispai time we can identify the share-

parametersyy 1 and ay » for an assumed elasticity of substitutign

Similarly, if unskilled workers are paid their margl products, then two skill-premia which

follow from

-1
Wio _dl/dl, _9L2(Ly P
wep o/ a il ’

-1
W3 _dl/dlg _aL3( Ly P
weo Al/dly ap ol Lo '
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These can be rewritten to find the Mincer returhimcreasing education from low-skilled type
1 to low-skilled type 2 and for low-skilled typet@ low-skilled type 3.

Al
W,2 ol /oL a_ 2L
In :ﬂLlyLzsLlyLz =In 2 =In (—2 ,
W|_,1 ol /0L1 O’L,]_ L Ll
Al
W3 ol /oL a 3| L
In = ﬂL2’ |_3S|_2’ |_3 =In 3 =In (—3 y
W2 ol /oLy aL12LL2
aL,2 Ly
B, LS, L =Inf——|+ (oL -1)|n(—}
1 =2 = k2 aL,l Ll

aL3 L.
Py LSy Ly = |n[aL 2J+(,0|_ —1)|n[|_—2]-

Since,a, ; =1-a, , —a, 3, we can find

a2 L
B, L8, = '“[—] +(oL -l)ln(ri}

l1-ay 2-aL3

aLs L.
Py LSy L = '”[UL 2J+(,0|_ —1)|n[|_—2],

a2

Lo
———————=exg B, 1,5, L +(l-,0|_)|n(—],
l-a o-aL3 { vm Ly

a3 -
a3 _ eXF{ﬂLZ, LsSL,, Lg * (1—pL)In[L—2D_

a2

So that

P 1
ST expéL 1 +expéL 1expéL 2’

B expéL 1
1+expéL 1 +expéL 1expé o’

a2

_ exps 1expéL 2
1+expéL 1 +expéL 1expé o’

aLs
where

= +(-pp)in[ 22
SLA=BL L8, A p)inl T
and

L
{L2=BL,, LS50, T (1—pL)|n(L—z] :
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Therefore, if we know the ‘Mincer’ retur;m_i,Lj and the amount of schoolimjli,Lj needed
to become a better skilled worker, at this poirtirime we can identify the share-parameters
and a, for an assumed elasticity of substitutign

In order to calibrate the production parameterap@y country specific Mincer returns for
the aggregate production technology, the low gkifeb production function and the skilled
sub-production function. We assume that the coumtgrage Mincer rate of returfy,is on
average 8% per year over all levels of educatitiis & empirically quite plausible. See also
Card (1999), Ashenfelter, Oosterbeek, and Harméaq), Harmon, Oosterbeek, and Walker
(2003) for excellent reviews. Country and educasipecific Mincer returns are employed to
capture heterogeneity between countries and lefelducation. Further, we use different
Mincer returns to calibrate the aggregate, theedestwer and nested higher CES production
functions.

In particular we assume that the Mincer returnisfsat
Be =P =Pl -a),
B = 65 = - e ~8 ),

p°=p-rie° e,
whereel , ef, ande® (g, &, and&®) denote the average number of years of education i

countryc (the EU) of low skilled workers, skilled workersdaall workers, respectively.
Harmon, Oosterbeek, and Walker (2003) find thahesidlitional year of education on average
approximately lowers the Mincer rate of return wi#, hence we set= 0.01. This
specification allows for higher returns to educatior countries with lower average levels of
education like Spain and Portugal. Returns to dthitare accordingly smaller for highly
educated countries like the Scandinavian countiEssapproximate the average levels of
education in each country using data on the edutattmposition of the workforce and making
an assumption on the number of years of schoditadkés to complete each level of education.
In particular, ISCO1 takes 6 years, ISC2 9 ye&€34 12 years, ISC56 non-S&E takes 17
years and ISC56 S&E takes 18 years of educatidneTal gives the corresponding values of
the Mincer returns used in the calculations.

These figures imply thag =5, s,,1, =3, s, =3, andsy, y, =1. In other words,

aggregate high skilled workers have on averageafsymore education than the average low
skilled worker. It takes three years of study tba®wer secondary education degree. It takes
another three years of study to get a higher seagretiucation degree. And, there is a
difference of one year between non-S&E and S&E afiliie: science and engineering students
are enrolled longer for one year than non S&E sitedd hese numbers approximately

correspond with education systems in many countaisough we admit that differences may
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occur. Gathering information on the specific ingttinal details of all educational systems is
currently not doable given the time constraintsréwer, our main results do not depend very

much on the precise values of these enrolmentidosat

Table 2.1 WorldScan implementation rates of return

Countries Mincer agg. Mincer low Mincer high
Austria 0.0800 0.0628 0.0972
Belgium-Luxembourg 0.0750 0.0893 0.0657
Denmark 0.0732 0.0733 0.0759
Finland 0.0718 0.0855 0.0663
France 0.0782 0.0984 0.0598
Germany 0.0734 0.0719 0.0815
UK 0.0718 0.0883 0.0635
Greece 0.0913 0.0837 0.0876
Ireland 0.0815 0.0836 0.0779
Italy 0.0924 0.0700 0.1024
The Netherlands 0.0806 0.0784 0.0822
Portugal 0.1179 0.0913 0.1066
Spain 0.0882 0.0945 0.0737
Sweden 0.0703 0.0831 0.0672
Czech Republic 0.0787 0.0548 0.1040
Hungary 0.0785 0.0632 0.0953
Poland 0.0775 0.0689 0.0887
Slovakia 0.0786 0.0541 0.1045
Slovenia 0.0789 0.0643 0.0946
Rest EU 0.0677 0.0853 0.0624
EU25 0.0800 0.0800 0.0800

In addition, we assume that the elasticity of stitsin in the aggregate production function is
o = 1.5. The elasticity of substitution betweenlskiland unskilled workers at the aggregate
level equals about 1-2, see Jacobs (2004) for eamgixe review of estimates. At lower
aggregation levels we expect that elasticitiesubfstution are substantially bigger for the low
skilled group. Nevertheless, we are not aware gfeampirical results that estimate the elasticity
of substitution at this disaggregated level. Theefwe set, = 3, which is we think a
plausible number. Within the high skilled group think that workers with an S&E education
are not very good substitutes for non-S&E gradudtksrefore we set, = 1.2. The reason for
using this low value is that with higher valueg thcome share of S&E workers becomes
implausibly large. We did simulations with both héy and lower elasticities of substitution but
these did not importantly affect the results. Nlot¢ghermore that workers within education
groups are perfect substitutes.

The labour efficiency parametAris set at 1 for the initial yeaf may be affected due to

OJT and we return to that below. We assume thaiatieeof skill-biased technical change at the
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macro-leveB features a constant growth ratso that the time path &follows from

Bl =(+nB!, B°=1,

where we normalise the number of aggregate effigiemits of skilled labour at tinte= 0 to
unity. We set such that wage inequality between skilled and Uleskivorkers increases with
1.5% per year if relative suppliekL are constant. Jacobs (2004) summarises empirical
estimates for the rate of skill-biased technicargde and finds that for the US this generates
approximately a 3% increase in wage differentigisygar, but for European countries this
number seems to be substantially lower. The valudalows from log-linearising the
aggregate marginal rate of transformation betwé#led and unskilled workers (at constant

relative supplies)

dwy _ dw
(=08
B 1-1/o

With ¢ = 1.5 and a relative wage increase of 1.5% per, yea0.045.

In the simulations, we only need to assume thaptbduction function is stable. Having
fully specified the model, we can simulate the itepa of exogenous changes in the number of
individuals in the subgroups on the aggregate nusnteworkerdH andL, cf. the sub
‘production’ functions. We can also fully captuheetgeneral equilibrium responses of changing
wages between aggregate skill-groups and withisetls&ill-groups. Hence, we capture all
effects on the income distribution of any policypitse. Moreover, if we assume that supply of
various skill groups is completely inelastic themgral equilibrium feedback effects of
WorldScan to the skill sub-block are not relevard ave can compute all the effects on the
income distribution of the sub-groups. This is rbaya rather strong assumption, but schooling
of individuals does not seem to be very responsiismancial incentives, however, see also

Jacobs (2004) for a review of estimates.
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Training on the job

As a second step, we incorporate on-the-job trgiimirthe model. Individuals may not only
acquire human capital through formal schooling,disb through training over the life-cycle.
See also Heckman et al. (1998). We use a vergstyinodel to capture on the job-training
based on Ben-Porath (1967) and Heckman (1976)ntatidual’s level of human capital be

t,n
l

denoted by lower case variabllsfsn and wheret denotes time. We follow Heckman et al.

(1998) and we assume that

r“n,t+1:hn,t +'Zh,i(qrr::it)ah'i (hn,t)ﬂh,i Ci=12 On

linYHl:linYt+’Z1,i(q|rj}t)a|'i (hn,t)ﬁ,i’ i=123 On,

where qﬂlt and qI”'it denote the fractions of working time investedrairting on the job of

individual n at timet with skill i, and A is a productivity parameter. As in Ben-Porath (2)96

we setay,j =ay ; =1. Heckman et al. (1998) empirically estimatand find that: equals .95

for high-school workers and .94 for college gradsatience, we do not expect to bias our

results to a large extent. Further, we assumeghat 4 ; =1 as well. That is, returns to

training investments do not diminish with the leg€human capital. Here, Heckman et al.
(1998) find estimates of around .85. Although #ssumption is a bit more off-track, this
assumption allows us to capture changes in OJTeasiy through changes in the growth rate
of the human capital of each group of workéss in Heckman et al. (1998) we ignore
depreciation of human capital. They argue thate@ation of human capital is not very high
because wage profiles do not generally decreabe &nd of careefsAt the end of working
careers, investment in OJT is zero (because thenseaire too low) and one would expect that
wages would fall if depreciation was indeed impott®ur simulations therefore give a
plausible upper bound of skill-formation throughTOJ

We can aggregate all individual investments aétito obtain aggregates

If B # 1, various cohort and individual (time-) effects in human capital accumulation become inter-twined and we cannot
easily aggregate over cohorts and individuals at the same time.

4 ' L . ’
Wages do not even decline at the end of working lives in the US where labour markets are more flexible than in Europe
and therefore should permit wage declines of older workers when human capital depreciates.
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where )(,thi = qu;hht is the weighted average fraction of time investedn the job in
n,tn,t
skilled jobs and similarly for, f, = Z?'I'n't . Hence, the growth rates of aggregate human
capital over time are given by
Lot _
WH,i = i :Ah,i)(h’iv i=12
h
t+1_t i

M,i=- i L= A i 1=123

If the average fraction of time spent in trainjngemains constant over time we can equate a
higher rate of investment in on-the-job trainingthvwa higher growth rate of the number of
efficiency units of human capital. This is in therent model also equivalent to a higher rate of
population growth for different skill groups. Needs$ to say, a constant aggregate fraction of
time invested in training does not imply that indival training levels are constant over the life-
cycle. Indeed, it is generally optimal for indivala to train at the beginning of the life-cycle
only (Ben-Porath, 1967; Heckman, 1976; Weiss, 1986)

Growth rates; are not necessarily equal across skill groupsgiigipg on the constants

Zh,i and ;U and investment rateg andyy;. Not much is known on the sizes of the growth

ratesy. We assume thab = A, = A ; andy = y; = z; S0 that each skill-group egually

productive in generating human capital through @ddy; = y = congt. In the absence of any
solid empirical evidence we do not discriminateAssn skill-groups. From empirical work we
do know that more skilled workers engage more iméd training, but this largely neglects
genuine on-the-job training. On the other hand gloskilled workers -- who have less formal
education -- are likely to gather more human cagitaugh combining working and learning.
Mincer (1962) and Heckman (1998), respectivelyineste that a fractior. of 50% to 23% of
life-time human capital is gathered through onjtitetraining on average over all skill-groups.

Consequently, we can say that the average growahyranust satisfy:
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eNT =3+ )= @ T S0 #10)= e T ENC,
i i

whereEN' is the total population expressed in number atigfficy units of labour, i.e. the total
number of individuals at timewith skill i multiplied by the number of efficiency units atha

skill. Therefore we can write:

(o]
ENT =aENT +ENC — ENT = BN
l-w

and, we can infer from solving the equation:
-In(1- w)
—exg ———|-1.
/4 EX[{ T )

ForT = 40 years and = 0.23 (Heckman et al., 1998) we fipnet 0.66% per year. If = 40 and
o = 0.50 (Mincer, 1962) we fingl= 1.75% per year. In our base-line we)setl%. This
corresponds to an average fraction of life-time Aomapital generated through on-the-job

training of w=1-1/(1+ Y)' = 33. Hence, formal schooling constitutes about 2/®tHl life-time
human capital and on-the-job training generate®flize-time human capital.
Training on the job is not a costless activityy 1§ the fraction of labour time devoted to

training on the job, total gross labour earnings @ equal tol- y)w,yH for a skilled worker
or - x)wL for an unskilled worker (omitting the other sullauper-scripts). Earnings data

will only give figures on earnings after the cast®n the job-training have been deducted. That

is, observed yearly wages age- y)wy,H and now,H. If on-the-job-training efforts increase

(highery) then total effective labour inputs decreasenlttioe-job training was zero in the
initial situation { = 0), then an increase in total on-the-job-tragnéffort to 3% of total time
decreases total labour input (and earnings!) aldo 3%6. If the labour income share in total
output equals 0.7, increasing time devoted to itngiwith 3% will decrease national output
with about 2.1% initially. Over time, however, skaof human capital increase and earnings
increase as a consequence.

In the simulations we take into account the dee@asabour input (and hence earnings) as
a consequence of increases in training effortsugéea short-cut here. In the baseline we
assume that = 0.15 as an average over the population, seerhkatlet al (1998, fig. 3). If we

assume that OJT efforts increase with 3% of tatablr time, then total labour input will

initially decrease with% = 35% as a consequence of OJT.

Suppose that we allow for OJT in the aggregateymioah functionF(AG(BH,L),X). Since
OJT affects all labour types equivalently, we gaeripretA as a measure for total effective

labour input. Consequently, we can decompose lattalur efficiency into a general efficiency
term A" and the reduction of labour input due to OJT:
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A= AQ-x).
Hence, we can model increased OJT by decreasingg@agg labour efficienck in aggregate
production once and for all with with 3.5% frolr= 1 toA = 0.965. Of course, total labour

input will recover over time as stocks of humanitdpncrease.

By usingy = 0.15 as a base-line value, we can infer the-tiaseroductivity of trainingA

from solving the human capital growth rate equatifor ;= 001 so thatA = 001/015= 0.067.
Consequently, we can calculate the new growthafteiman capital through OJT a5'= Ax".
In the example of a 3% increase in training timerbw growth rate i$7=00670018=12%

per year.
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Quality of education

Human capital in the work force may not only inaedéy larger quantities of schooling and
training, but also through a better quality of dticational system. Especially the Lisbon target
on increasing average literacy scores is aimedca¢asing quality of educational output. Since
this is the only target which is associated wittréasing quality we keep matters as simple as
possible and simulate the effects of reachingahget by simply increasing the average quality
Q of a unit of human capital generated in formaleadion fromQ = 1 toQ > 1. We assume
thatQ is neither varying across education levels nor tivee. We argue below that
implementing the literacy targets amounts to ansthe board increase of educational output
over all educational types. Furthermore, the inmeda quality is assumed to be once and for
all.
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Labour market

The stock of workers is not only aggregated ovél-lpes but also over age-groups. Current
education policy measures will only affect the flofveach cohort entering the labour market
now and in the future, not those who are alreadliéniabour market. Therefore, stocks of
workers only adjust very slowly. To capture theeats, we propose a very stylised model of
the labour market, see also Jacobs (2004). Weegrmuntry super-scripts, but do allow for
time superscripts now.

If we define the in and outflows from the labourde ad' andO", the total population
Nt =H!+L! evolves through time as
NP =Nt +t-Ot

We assume that population size grows at consadag from timet on, hence

Nt = @+g)N'. Furthermore, we assume that as ftdire sizes of new cohorts, as a fraction
of the total population, are constant. Hence, thmalrer of new workers entering the labour
market grows at ratg as well. This implies that the total inflow of vkars at timd is given
by:
It = 6Nt.
Moreover, these assumptions imply that the aggeegattflow ratesd =6-g are constant as
well:
O =Nt
The inflow and outflow rates are calibrated suat these match average population growth
rates in various countries over the period considlefhe data on population growth are

provided by UN (2003).
The total stock of human capital of workers in $kél-groups evolves over time according

to:
Hi* = @+ pHE+QUHE-OHE, =12,
[ =aeptt+Qif-olf, i=123

where IH! (OH!) denotes the inflow (outflow) of skilled workerktgpei over time.Q' >1 is
the general efficiency of education denoting thalityiof the new inflow of human capital of

typei in yeart. Q! captures the improvement in the educational psmakee to for example,
raising literacy scores. We assume tQhtQ . In the baseline we s€i=1.

Note thatH! and L} are human capital stocks measured in efficiendtg @i human

capital-adjusted for quality increases, since Onfaases the value of human capital stocks.
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The total human capital stocks of skilled workesiative to unskilled workers are probably not
yet at their steady state levels. The reason tghieacurrent population still contains a lot of
older unskilled workers that are being replaceddtyer educated younger workers.
Nevertheless, we assume that the current graduaties in education are on their ‘steady state’
levels and will remain constant from now on. (Tikigust another way of saying that the
composition of total investment rate in higher tigkato lower education will not change
anymore. This may be generated through a microernansavings function with a constant

savings quote.) If a fraction ; of each cohort currently graduates in higher etincaf type
i, 74 1 +7H 2 =7n - The corresponding fraction of low skilled workefseach birth cohort are

denoted byy, ;, and by definition thaty 1 +7 2 +n_ 3=n_=1-ny . The number of skilled

(unskilled) workers flowing into the labour marksthereforelH} =nH Nt ( It =0 N ).
If we assume that the outflow rates for each typeker are the same as in the total population

OH! =H! andoL! =d!. Consequently, the human capital stocks of skiled unskilled

workers evolve as:
HEL = @+ pHE +4 QAN =Y, i=12
L= @it +p QN -df. =123

The steady state ratio of skilled and unskillechhn capital stocks is given by:

H_i:Q,7H’i , i=12
N® 1-yl@

L _ Q’7L,i =123
N® 1-y/8
and

ﬂ:q—H_

L 1-74

Hence, if 1/3 of each cohort currently graduatdsigier education, the steady state level of
higher educated workers relative to lower educatexkers would be one half. If the population
does not growg =9 and in the steady state 1/3 of all workers shbakke a higher education
degree.

If the stocks are not at steady state levels (nmeddn efficiency units) we find the
following growth rates:

t g Q’7H,i o .
OH,i =7/ —F 5 =12
' (1+V)[Hit/Nt e]

t _ 8 Qi o .
g, = -—|, 1=123.
= (1+1/)[L}/Nt 9}
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If the inflow rate equals the outflow raté=0, i.e., there is no population growth, the stocks

H{ and L} grow at positive rates as long as the graduatitesr;}, ; 7} ; are larger than the

current sharesi!/N; and L}/ N; .

Given an initial condition (i, H3,L,19,13) and the graduation rates
(71 1.1 2,70 1,771 2,171 3) We can generate the base-line time paths as frogt t 0 to anyt

of the stocks of skilled and unskilled workers. Tnaduation rates are well documented and we
use the numbers provided by OECD (2005a).
If OJT is included in the model, we need to comph&aggregate stocks of human capital

at timet = 0 if we want to correctly identify the share @aeters of the nested CES functions
(the initial condition H,H3,L2,19,L3 )). We cannot simply equate and L} with the
aggregate numbers of people with either a higlowrskilled educationH! and Lt are the
aggregate levels of human capitakfficiency units. Hence, we need to take into account that
workers have already accumulated human capitahesjeb. If H® denotes the aggregate level
of human capital in efficiency units at tirhe 0 then, we can translate the number of workers
with skill i, NHP and NL?, at timet = 0 into human capital stocks?®, L att = 0 if we

assume that the average worker is the worker withage working experiencé& € 20 if

working careers are 40 years) and educationaltgualinained constant over tim@ € 1), i.e.,
HO =@+ NHR, =12

LP=@+y) NP, =123

However, the initial share of the labour force thas a degree in S&E educationmleg ) is

difficult to obtain. We assume that the initial ehaf S&E workers in the work force equals the

fraction of S&E graduates currently graduating, i.e

(0]
NH iy
o H.2:

23



24



10.

11.

Assumptions simulations

Before turning to the simulations we summarisentiost important assumptions used in the
computations.
We use a country specific Mincer return per ex&raryof education

Schooling years from levetoj are assumed to bg y =5, s;,,1, =3, S|, =3, SH,,H, =1-

We assume an elasticity of substitutioryef 1.5 at the aggregate level between skilled and
unskilled workers, an elasticity of substitutioe thithin the low skilled group of_ = 3. The
elasticity of substitution between S&E and non-S&#rkers is set atyy = 1.2.

We assume a rate of skill-biased technical chaegelting in growing wage differentials
between skilled and unskilled workers of 1.5% peang = 0.045). Since = 1.5,7 = 0.045
generates a skill-bias in skilled wages of 1.5%y@ear.

The average growth rate of the efficiency unitbwian capital due to OJTjis= 1% per year
across all skill-levels. Increasing OJT efforts amedeled by decreases in aggregate labour
efficiency A. The baseline fraction of working time devoted@T y = 015.

The quality-indexQ of education is assumed to remain constant anal égQ = 1.

We assume that the size of each birth cohort velati the population remains constanf.at
The same holds for the outflow rates of the old=aybe are raté. Population grows at a
constant ratg. The baseline population growth is set on estitchaterage population growth
rates. The same holds for in and outflow rates.

We assume that current graduation ratgs and s ; are at ‘steady state’ levels.

We allow for ‘catching up’ towards steady statecadion levels in the baseline if current
fractions of various types of workers in the wookce are below/above graduation rates.
The average worker in initial situation has acclated a level of human capital on the job of a
worker with half of life-time experience.

Informational requirements for the simulationstialilevels of the number of workers at titne
=0, NH? and N, graduation ratesy ; ands_j, sizes of birth cohort8, and sizes of exit

cohortsd (own calculations).
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7.1

7.2

Simulating the Lisbon targets

The following list of targets is formulated. We silate each of them by changing the

parameters of the model. This section explains how.

Early school leavers

By 2010, an EU average rate of no more than 10% selnool leavers should be achieved
(European Commission, 2004, p54). This implies libsg than 10% of each cohort leaves the
educational system with a higher secondary de@ieee this target perfectly overlaps with

target number 2, we skipped this target after dtinguthe EU.
Secondary school completion

By 2010, at least 85% of 22 year olds in the Euaopdnion should have completed upper
secondary education (European Commission, 2009, p2B8/orldScan this targed is
implemented by imposing the restriction that therage EU fraction of 25-29 year olds should
have at least an upper secondary education definealata for this target are obtained from
OECD (2005a). That is, we defiaas the fraction of the 25-29 year cohort graduiatepper

secondray education or more, i.857 3+ny 1+7H 2. We impose an upper limit on this

fractione™ = 0.96. By adopting the weighting procedure usedubhout many of the
simulations, the new (denoted with “*') country sgie value of the complement of the lower
secondary graduation rate can be written as

SCDEEC +/1(£max_£c)

where £° is the base year value for country
For the EU as a whole we can write
SEU 2 Zcf eN° ’
TcN°©
SEUD. et NC ’
TeN°
whereN° is the number of 25-29 year olds with an uppeosdary degree in country

Substitution gives

SEUO_ (EU +/](£max_£EU)
Hence,
.- SEUO_ (EU

- _max_ _EU

& —&

27



and ¢EY0= 085 is the EU target. By using the valuelofe can compute for each country the
required increase in the fraction of graduates sifmuld complete secondary school.

We assume that the increase of graduates in higloeindary education is initially
completely absorbed by lowering graduation ratdewer-secondary education and that the
number of graduates without lower secondary edoicagmains constant. Only, in case the
target implies that the pool of graduates loweprdary education has completely dried up, we
assume that the remaining graduates come fromaleop graduates with primary education

and lower. This results in the following expressidor the new graduation rates in each country
NER=ME 40 o+ 11 5= A=)
~C —-,C _,c0O_,cC
N2 =00 2= 3711 3)
cO _ AC
2= ma){ﬂL,Z,O}.
cO_ ,c cd _xc
ML =m 1~ 2 =10 5)
where/if , is an auxiliary variable if there are too few grates in the lower secondary

education and the target has to be reached by mgavdam the pool of students with only
primary education.

Some countries have relatively large graduatioesrat the lowest category with only
primary education or less. Policies to improve s$itons between skill levels will probably also
affect the transition from primary to lower secondeducation. Therefore we added a shift
from primary to lower secondary graduation ratethenfollowing countries: Greece 2%-points,
Ireland 1%-point, Netherlands 1%-point, Portugaeipoints and Spain 1%-point.
Furthermore, in Germany we applied the calculatiorthe graduation rates of the 30-34 year
cohorts (instead of 25-29 year cohorts). The re&strat education tracks in Germany are

typically longer than in the rest of Europe. Tablé gives the values used in the calculations.
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Table 7.1 Worldscan implementation secondary school completion

Current share  Lisbon target  Current graduation rates Lisbon graduation rates
> upper > upper

secondary secondary ISCO1 ISC2 ISC34 ISCO01 ISC2 1SC34
Austria 0.86 0.89 0.02 0.13 0.69 0.02 0.10 0.73
Belgium-Luxembourg 0.82 0.86 0.05 0.13 0.39 0.05 0.09 0.44
Denmark 0.87 0.90 0.01 0.12 0.58 0.01 0.09 0.61
Finland 0.90 0.92 0.01 0.09 0.53 0.01 0.07 0.55
France 0.78 0.84 0.02 0.20 0.28 0.02 0.14 0.34
Germany 0.88 0.91 0.01 0.10 0.62 0.01 0.08 0.64
UK 0.74 0.81 0.01 0.25 0.29 0.01 0.18 0.36
Greece 0.77 0.83 0.10 0.13 0.53 0.08 0.09 0.59
Ireland 0.80 0.85 0.08 0.12 0.42 0.07 0.08 0.47
Italy 0.64 0.74 0.03 0.33 0.52 0.03 0.23 0.62
Netherlands 0.80 0.85 0.05 0.15 0.51 0.04 0.11 0.56
Portugal 0.38 0.57 0.43 0.19 0.21 0.29 0.14 0.39
Spain 0.62 0.73 0.08 0.30 0.21 0.07 0.20 0.32
Sweden 0.92 0.93 0.01 0.07 0.55 0.01 0.06 0.56
Czech Republic 0.93 0.94 0.00 0.07 0.83 0.00 0.06 0.84
Hungary 0.86 0.89 0.01 0.13 0.69 0.01 0.10 0.73
Poland 0.88 0.91 0.01 0.11 0.60 0.01 0.09 0.63
Slovakia 0.96 0.96 0.00 0.04 0.82 0.00 0.04 0.82
Slovenia 0.88 0.91 0.00 0.11 0.68 0.00 0.09 0.71
Rest EU 0.91 0.93 0.01 0.08 0.51 0.01 0.07 0.53
EU25 0.80 0.85 0.03 0.17 0.49 0.03 0.12 0.54
7.3 Achievement in literacy

By 2000, the percentage of low-achieving 15 yeds @t reading literacy in the European
Union should have decreased by at least 20% cohpatbe year 2000 (European
Commission, 2004, p28). We simulate the effectisarfeasing literacy by increasing the wage
returns of schooling. If literacy improves, theurgis to education increase.

The EU bases this target on resulting PISA testescd he PISA scores on literacy follow --
by construction -- a standard normal distributiathunearn: = 500 and standard deviatier
100. Low achieving 15 year olds are individualdwatPISA-score less than about 407.
Currently, about 17.2% of the population has a émhievement in literacy. We can compute
the increase in the mean scqe® pr reduction in the standard deviation of scgsepsthat are
needed to meet the Lisbon targets.

Let &(p,u,0) denote the cumulative normal distribution upteith meary: and standard

deviationg. p is the percentile below which students are loweaghg. The fraction of low
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achieving students decreases fiom0.172 top’ = 0.137. Consequently, reaching the Lisbon
targets follows from solving
(D(pD, ,uD, JD) =0.137
If the mean is increased and the standard deviatibeld at old levelss{ = ¢), then with
o=100 and’ = 0.137 we find that’ = 516. Therefore, average test scoreged to increase
with 3% over the whole student body to generaterdluction in low achievement in literacy.
Similarly, we may hold mean scores fixedkat 500 and reduce the standard deviation from
o =100 tos = 85. Hence, a reduction of 15% in the standardatien is needed to generate
the target reduction in low literacy achievemene jVefer to use the first interpretation (an
increase in the mean) since a reduction in thedatandeviation implies that the fraction of
high-performing students is reduced as well. Waoaimagine that this would be EU policy.
An increase of 3% on the average of the test seamesls 16% of one standard deviation
(Au = 160 ). From empirical estimates we can infer the wagerns of higher literacy scores as
measured in standard deviations. Krueger (200Q-p2 summarises some recent empirical
research in this field, see Table7.2. Krueger edésithat the wage returns to higher math and

literacy scores are in the order of 8-20% per steshdeviation increase.

Table 7.2 Returns to literacy

Study Return per standard deviation increase scores
%

Murnane, Willet and Levy (1995) 7.7-10.9

Currie and Thomas (1999) 7.6-8

Neal and Johnson (1996) 20

Empirical evidence gives a rather scattered pictye are inclined to think that a 10% return
per standard deviation in tests scores is reasenghleger (2000) uses a value of 8% in his
calculations. With a return of 10% per standardaten in test scores, a6o increase in the
average scores on literacy implies a monetarymeifil..6% in wages. We therefore increase

the average quality of human capital of all scHealers with 1.6% across all schooling types

henceQ will rise from QY =1 to QEYU=1.016. Therefore, nothing happens with the skill
composition of the work force as a result of anatdncrease in the level of human capital over
all workers. With a Mincer return of 8% per yearsohooling, a 1.6% increase in wages is
equivalent to the increase in wages due to 0.2iaddl years of schooling on average for all
workers as a result of this literacy increase.

In order to implement the country specific targeéswe follow the same procedure as
before to achieve an increase on average of 1.8%hdéd=EU as a whole. In particular, we again
set a max™ = 0.95, where now designates the fraction of each cohort whmhdreading
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proficiency level 1 and above. The data are obthfram OECD (2005b). The new (denoted

with “*") country specific value of the reading giciency target can again be written as
ECIZIEgc +/](£max_£c)
wheres® is the old value of reading proficiency above leivéor countryc.

For the EU as a whole we can write

£EU _Zce°N©
Y N°

£EUD- et NC

YeN°
whereN°® is now the number of 25-29 year olds with reagingficiency level above 1 in
countryc. Substitution gives

SEUO_ (EU +/1(£max_£EU)

Hence,

gEU I:I_gEU

gmax_ EEU

A=

and £EYH

=1-0.137=0.863 is the EU reading proficiency target. Again, bingsthe value ok
we can compute for each country the required irser@athe fraction of graduates who should
complete secondary school. This generates a cospémific quality increase of the education
system which satisfies
e c

C_-pC+0018 5 —¢
Q Q 0.172-0.137
where Q° =1 and the numbers in the denominator corresponiktoltd and new average EU

fractions of the number of pupils with reading fcifncy level below 1. Table 7.3 gives the
country specific values used in the calculations.
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Table 7.3  WorldScan implementation literacy

Fraction op population Lisbon target Quality adjustment
Above reading proficiency level 1 Reading proficiency level 1

Austria 0.86 0.89 1.010
Belgium-Luxembourg 0.82 0.86 1.016
Denmark 0.82 0.86 1.016
Finland 0.93 0.94 1.002
France 0.85 0.88 1.012
Germany 0.77 0.83 1.021
UK 0.87 0.90 1.010
Greece 0.76 0.82 1.024
Ireland 0.89 0.91 1.007
Italy 0.81 0.86 1.017
Netherlands 0.91 0.92 1.005
Portugal 0.74 0.81 1.026
Spain 0.84 0.88 1.014
Sweden 0.87 0.90 1.009
Czech Republic 0.83 0.87 1.015
Hungary 0.77 0.83 1.022
Poland 0.77 0.83 1.022
Slovakia 0.82 0.86 1.016
Slovenia 0.82 0.86 1.016
Rest EU 0.82 0.86 1.016
EU25 0.82 0.86 1.016

7.4 Life-long learning

By 2010, the European Union average level of ppdton in Lifelong Learning should be at
least 12.5% of the adult working age population§25age group) (European Commission,
2004, p51). Currently, the EU average of workeas ffarticipated in training programs in the
last month is 8,5% of the work force. If we assuha each training program costs one
working day per week, then the current fractiofabbur time devoted to training activities
equals 4/200085% = 1.7% of total labour time, based on 20 working daysmenth. This is
equivalent to 1.7% of total working time per yeBne target implies that the fraction of the
workforce participating in training during the lasbnth increases to 12.5% of the work-force.
Hence total labour time devoted to training adiégthas to increase to 2,5% because

4/2000125= 25% . Consequently, total labour time devoted to fortrehing activities
increases from 1.7% to 2.5%, which results in e fraction of training timey”=0.158.

Therefore, the EU new average growth rate of OJTbetome ;=Y "= 0.06700.158= 106%

per year. Furthermore, aggregate labour inputérLiebon scenario will decrease frofi=1 to
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_,EuD
AEUD_ 1-x =1-0158_ )9

1-yEY ~ 1-015
We allow for a country specific implementation bétLisbon target. First we compute the
country specific change in the fraction of the dapan that participates in life long learning.
Data are taken from the European Commision (2004)sets™3 = 025 and the target is
eFYU=0.125. Nowe denotes the fraction of the population participagiin training. Hence,
SCDEEC +/1(£max_£c)
wheree® is the old fraction of the population engagindraining in countrc.

For the EU as a whole we can write

£EU = ZCECNC
Y eN°¢

whereN° is now the total population in countrySubstitution of the last results gives
SEUD_ LEU +/1(£max_£EU)
The new growth rates of human capital generatexihir OJT follow from the new country

specific fraction of people engaged in training,, i.

cO_ 4 ,.c0__c C
=—(gv——-&°)+
S A

ch:XcIZI"&
pCam 1- x>
1-x°©
Table 7.4 gives the country specific values whiehwsed to implement this target.
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Table 7.4 WorldScan implementation training

% of population Lisbon target New fraction New growth Initial decrease
in training in training time in OJT rate OJT labour efficiency
Austria 0.0750 0.1211 0.1592 0.0106 0.9891
Belgium-Luxembourg 0.0670 0.1152 0.1596 0.0106 0.9886
Denmark 0.1840 0.2014 0.1535 0.0102 0.9959
Finland 0.1890 0.2051 0.1532 0.0102 0.9962
France 0.0270 0.0858 0.1618 0.0108 0.9862
Germany 0.0590 0.1094 0.1601 0.0107 0.9882
UK 0.2290 0.2345 0.1511 0.0101 0.9987
Greece 0.0120 0.0747 0.1625 0.0108 0.9852
Ireland 0.0770 0.1226 0.1591 0.0106 0.9893
Italy 0.0460 0.0998 0.1608 0.0107 0.9873
Netherlands 0.1640 0.1867 0.1545 0.0103 0.9947
Portugal 0.0290 0.0873 0.1617 0.0108 0.9863
Spain 0.0500 0.1027 0.1605 0.0107 0.9876
Sweden 0.1840 0.2014 0.1535 0.0102 0.9959
Czech Republic 0.0600 0.1101 0.1600 0.0107 0.9882
Hungary 0.0330 0.0902 0.1614 0.0108 0.9865
Poland 0.0430 0.0976 0.1609 0.0107 0.9872
Slovakia 0.0900 0.1322 0.1584 0.0106 0.9901
Slovenia 0.0880 0.1307 0.1585 0.0106 0.9900
Rest EU 0.0350 0.0917 0.1613 0.0108 0.9867
EU25 0.0803 0.1250 0.1589 0.0106 0.9895
7.5 Science & engineering

The total number of graduates in mathematics, seiand technology in the European Union
should increase by at least 15% by 2010 whileeastme time the level of gender imbalance
should decrease (European Commission, 2004, p&4)fiist target amounts to increasing

nn 2 With 15% on average for all countries. We implettais target by subjecting all
countries equally to this target, iﬁﬁfz = 1.157ﬁ| 2 At the same time the number of students in

other types of higher education decreasesmyith =775, ; — (75> —11f; ) . Data are taken

from OECD (2004). Table 7.5 shows the numericall@m@ntation of this target in WorldScan.
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Table 7.5

Austria

Belgium-Luxembourg

Denmark
Finland
France
Germany
UK

Greece
Ireland

Italy
Netherlands
Portugal
Spain
Sweden
Czech Republic
Hungary
Poland
Slovakia
Slovenia
Rest EU

EU25

WorldScan implementation S&E

Graduation rate
Non S&E

0.1154
0.3211
0.2420
0.2489
0.3516
0.1829
0.3145
0.1782
0.2715
0.0924
0.2458
0.1301
0.3084
0.2507
0.0794
0.1485
0.2493
0.1002
0.1460
0.3603

0.2547

S&E

0.0476
0.1040
0.0474
0.1181
0.1523
0.0868
0.1306
0.0569
0.1055
0.0295
0.0481
0.0433
0.1026
0.1201
0.0272
0.0166
0.0300
0.0381
0.0556
0.0400

0.0941

Lisbon grad. rate
Non S&E

0.1082
0.3055
0.2349
0.2311
0.3288
0.1698
0.2949
0.1697
0.2557
0.0879
0.2385
0.1236
0.2930
0.2327
0.0753
0.1460
0.2448
0.0944
0.1376
0.3543

0.2406

S&E

0.0547
0.1196
0.0545
0.1358
0.1752
0.0998
0.1502
0.0654
0.1214
0.0339
0.0553
0.0498
0.1180
0.1381
0.0313
0.0191
0.0345
0.0439
0.0639
0.0460

0.1082
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