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Change 2000-07 Change 2007-13 Change 2007-20

% % p.a. 000s % % p.a. 000s % % p.a.

6.04 0.001 1 732 2.84 0.001 1 543 2.53 0.001

-8.60 -0.002 -207 -22.54 -0.011 -225 -24.45 -0.011

-1.76 0.000 -260 -3.81 -0.002 -880 -12.89 -0.005

-5.52 -0.001 -416 -5.55 -0.002 -943 -12.58 -0.005

-4.19 -0.001 -862 -5.42 -0.002 -1 294 -8.13 -0.003

11.76 0.002 553 3.44 0.001 354 2.21 0.001

21.03 0.003 1 197 18.45 0.007 1 580 24.36 0.008

35.65 0.005 819 17.54 0.007 1 399 29.95 0.010

39.74 0.006 600 31.16 0.011 999 51.85 0.016

44.99 0.007 308 42.22 0.014 553 75.70 0.022

7.05 0.001 1 892 3.60 0.001 2 096 3.99 0.002

% % p.a. 000s % % p.a. 000s % % p.a.

11.17 0.002 1 639 3.41 0.001 1 615 3.36 0.001

-6.41 -0.001 -143 -14.66 -0.007 -226 -23.17 -0.010

-4.02 -0.001 -172 -3.01 -0.001 -862 -15.08 -0.006

-4.79 -0.001 -400 -7.01 -0.003 -982 -17.18 -0.007

-2.89 -0.001 -945 -7.60 -0.003 -1 829 -14.71 -0.006

22.55 0.004 1 318 9.76 0.004 1 640 12.15 0.004

38.17 0.006 804 15.78 0.006 1 342 26.34 0.009

61.81 0.009 620 19.19 0.007 1 451 44.95 0.014

94.46 0.012 452 41.82 0.014 853 78.98 0.023

77.77 0.010 106 32.21 0.011 227 68.96 0.020

13.84 0.002 1 848 4.50 0.002 2 475 6.03 0.002

% % p.a. 000s % % p.a. 000s % % p.a.

8.24 0.001 3 191 2.92 0.001 3 158 2.89 0.001

-7.49 -0.001 -330 -17.43 -0.008 -451 -23.79 -0.011

-2.81 -0.001 -215 -1.71 -0.001 -1 742 -13.89 -0.006

-5.21 -0.001 -721 -5.46 -0.002 -1 924 -14.57 -0.006

-3.62 -0.001 -1 646 -5.81 -0.002 -3 123 -11.02 -0.005

16.44 0.003 1 961 6.64 0.003 1 994 6.75 0.003

28.01 0.004 1 663 14.36 0.006 2 922 25.23 0.009

45.24 0.007 1 191 15.07 0.006 2 850 36.08 0.012

55.46 0.008 964 32.06 0.011 1 852 61.60 0.019

53.80 0.008 324 30.55 0.011 780 73.60 0.021

9.92 0.002 3 412 3.65 0.001 4 571 4.88 0.002



Source:  IER estimates based on StockMOD.

Table 22.  Labour force by age and gender, high qualification level, EU-25*

High qualification (000s)

Males 2000 2007 2013 2020 000s

15+ 23 932 31 143 34 927 38 247 7 211

15-19 11 25 30 39 14

20-24 1 105 1 159 1 165 1 167 54

25-29 3 361 4 408 5 009 5 358 1 047

30-39 7 801 9 598 10 899 12 257 1 797

40-49 6 508 8 299 8 520 8 487 1 790

50-54 2 633 3 503 4 205 4 627 870

55-59 1 680 2 516 2 959 3 516 836

60-64 605 1 253 1 635 2 122 648

65+ 227 383 504 673 156

25-64 22 589 29 576 33 227 36 368 6 987

Females 2000 2007 2013 2020 000s

15+ 18 256 25 128 30 624 35 825 6 872

15-19 20 17 13 11 -3

20-24 1 307 1 498 1 583 1 557 191

25-29 3 373 4 502 5 573 6 234 1 129

30-39 6 049 8 320 10 152 12 173 2 271

40-49 4 794 6 445 7 431 7 951 1 650

50-54 1 607 2 360 3 145 3 941 753

55-59 814 1 433 1 903 2 740 619

60-64 216 441 675 991 224

65+ 75 113 148 226 38

25-64 16 854 23 500 28 879 34 030 6 646

Total 2000 2007 2013 2020 000s

15+ 42 188 53 980 64 065 74 072 11 792

15-19 32 43 41 50 11

20-24 2 412 2 654 2 757 2 725 242

25-29 6 734 8 486 10 341 11 591 1 753

30-39 13 850 17 322 20 495 24 431 3 471

40-49 11 303 14 293 15 961 16 438 2 991

50-54 4 240 5 509 7 052 8 568 1 269

55-59 2 494 3 786 4 654 6 256 1 292

60-64 822 1 440 2 167 3 113 619

65+ 302 447 598 900 145

25-64 39 443 50 837 60 669 70 397 11 394
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Change 2000-07 Change 2007-13 Change 2007-20

% % p.a. 000s % % p.a. 000s % % p.a.

30.13 0.005 3 783 12.15 0.005 7 104 22.81 0.008

119.93 0.014 5 18.92 0.007 14 54.74 0.017

4.88 0.001 7 0.59 0.000 9 0.75 0.000

31.15 0.005 601 13.63 0.005 950 21.55 0.008

23.03 0.004 1 301 13.56 0.005 2 659 27.71 0.009

27.51 0.004 221 2.66 0.001 188 2.27 0.001

33.03 0.005 703 20.06 0.008 1 124 32.10 0.011

49.73 0.007 443 17.59 0.007 1 000 39.76 0.013

107.06 0.013 382 30.44 0.011 869 69.31 0.020

68.69 0.009 121 31.65 0.011 290 75.71 0.022

30.93 0.005 3 651 12.34 0.005 6 791 22.96 0.008

% % p.a. 000s % % p.a. 000s % % p.a.

37.64 0.006 5 495 21.87 0.008 10 696 42.57 0.014

-14.26 -0.003 -4 -23.83 -0.011 -6 -35.14 -0.017

14.60 0.002 85 5.69 0.002 60 3.98 0.002

33.47 0.005 1 071 23.80 0.009 1 732 38.47 0.013

37.54 0.006 1 833 22.03 0.008 3 854 46.32 0.015

34.42 0.005 986 15.31 0.006 1 506 23.37 0.008

46.86 0.007 785 33.26 0.012 1 580 66.97 0.020

76.08 0.010 470 32.76 0.012 1 307 91.21 0.025

103.64 0.013 234 53.17 0.018 550 124.89 0.031

50.74 0.007 35 31.07 0.011 113 99.90 0.027

39.44 0.006 5 379 22.89 0.008 10 530 44.81 0.014

% % p.a. 000s % % p.a. 000s % % p.a.

27.95 0.004 10 085 18.68 0.007 20 092 37.22 0.012

35.06 0.005 -2 -5.05 -0.002 8 17.65 0.006

10.04 0.002 103 3.89 0.002 71 2.67 0.001

26.03 0.004 1 854 21.85 0.008 3 105 36.59 0.012

25.06 0.004 3 173 18.32 0.007 7 109 41.04 0.013

26.46 0.004 1 667 11.66 0.005 2 145 15.00 0.005

29.93 0.005 1 543 28.02 0.010 3 059 55.52 0.017

51.79 0.007 868 22.92 0.008 2 470 65.25 0.019

75.30 0.010 726 50.42 0.017 1 673 116.12 0.030

47.81 0.007 152 33.93 0.012 453 101.36 0.027

28.89 0.005 9 832 19.34 0.007 19 560 38.48 0.013



ANNEX B

Levels of qualification

Level of qualification

Low At most lower secondary (ISCED 0-2, 3c short)

Medium Upper secondary (ISCED 3-4, excluding 3c short)

High Tertiary (ISCED 5-6)

Classification ISCED 1997 (from 1998 data onwards)

ISCED 0 Pre-primary education

ISCED 1 Primary education or first stage of basic education

ISCED 2 Lower secondary education or second stage of basic education

ISCED 3 (Upper) secondary education

ISCED 3A Programmes designed to provide direct access
to ISCED 5A

ISCED 3B Programmes designed to provide direct access
to ISCED 5B

ISCED 3C Programmes not designed to lead to ISCED 5A or 5B

ISCED 4 Post-secondary non tertiary education

ISCED 5 First stage of tertiary education (not leading directly to an 
advanced research qualification)

ISCED 6 Second stage of tertiary education (leading to an advanced
research qualification)

Note:  More details are available in the documentation by EULFS: 
Levels of education and training ISCED 1997
(http://circa.europa.eu/irc/dsis/employment/info/data/eu_lfs/lfs_main/ Related_ documents/
ISCED_EN.htm).



ANNEX C

Conceptual framework

The demand side

The current conceptual framework comprises four key elements on the
demand side, as shown in Figure 15:
•  Module 1: a set of multi-sectoral macroeconomic forecasts, based around

the E3ME macroeconomic model;
•  Module 2: an occupational model, focused on explaining expansion demand

within sectors, adopting common classifications and data sources
(EDMOD);

•  Module 3: a qualifications module (QMOD), based on similar data sources,
focusing on the implications for qualification intensities within occupations
(demand) rather than the supply side;

•  Module 4: a replacement demand module, based on similar data sources,
recognising the crucial importance of considering not just changing
occupational employment levels but also the need to replace those leaving
the workforce because of retirement, migration and mortality (RDMOD).

Figure 15.  Overview of the modular approach to skills-demand
forecasting (framework)



Each module has associated with it a database (D) and models (M), some
of which already exist. Together with the corresponding skill-supply elements
described in Figure 16, the modules constitute the conceptual framework.

Module 1:  multi-sectoral macroeconomic model (E3ME)
Module 1 is based around the existing pan-European multi-sectoral
macroeconomic model (E3ME) developed by Cambridge Econometrics in
collaboration with others. This delivers a set of consistent sectoral projections,
which is transparent in terms of the assumptions made about the main external
influences on the various countries (including technological change and the
impact of global competition). Full details are given in Annex D.

Module 2: occupational expansion demand model (EDMOD)
Most national occupational projections rely on population census data. This is
because they normally provide the largest sample of data on occupational
employment cross-classified by industry and occupation (industry by
occupation employment matrices). Such data cannot be used in a pan-
European comparative exercise because of lack of synchronisation and
consistency between countries.

The LFS conducted in all countries as part of their obligations to the
European Union provide an alternative source of such industry-by-occupation
employment matrices. They have the advantage of being conducted on a
much more frequent basis than a census. They also adopt much more
standardised sets of questions and systems of classification. While there are
still some differences between countries, this source provides a broadly
consistent set of data which can be used for producing occupational
employment projections within the industries identified in macroeconomic
models such as E3ME.

Such data have been used to produce results in the previous Cedefop
projects. The forecasting model (EDMOD) based on these data works out the
implications of the projected sectoral employment levels developed from
Module 1 for occupational employment using quite basic models (fixed
coefficients, or simple extrapolations). The current approach also includes
results based on development of more sophisticated econometric models.
This includes the use of multi-logit probability models.

Module 3:  qualification expansion demand model (QMOD)
Occupational employment patterns are only one way of measuring skills. For
training, and especially formal educational planning, the types of qualifications
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typically required are also important. Even with only weak data for
qualifications, it has been possible to develop an extension to the EDMOD
module which allows inferences to be made about implications for
qualifications. This builds on approaches already developed by IER and ROA
at national level. This is referred to as QMOD.

Module 4:  replacement demand model (RDMOD)
In addition to changes in overall occupational employment levels, it is
important to consider replacement demand arising from retirements, net
migration, movement into other occupations and in-service mortality.
Estimating replacement demand is not straightforward and is quite sensitive
to the data sources used.

There is general agreement about what it is about: job openings arising
because people leave the workforce, for whatever reason. Most previous work
has tended to focus on what might be called ʻpermanent or semi-permanentʼ
withdrawals from the employed workforce. These include:
(a)  mortality;
(b)  retirement (and other reasons for leaving the workforce, including family);
(c)  emigration;
(d)  inter-occupational mobility.

Information on the age and gender structure is required because many of
the flows, especially retirements and mortality, are age- and gender-specific.
Age structures also vary significantly by occupation. The influence of
differences in age structure across occupations exists, with more older people
retiring, but more younger people changing occupations. Age structure also
affects mortality.

From the LFS, it is possible to analyse the demographic composition of
each occupation. This makes it possible to estimate specific rates of retirement
and mortality for each occupational class. LFS data can also be used for
estimating rates of outflow. The replacement demand model (RDMOD) has
been developed based on similar data sources to the occupational model. It
is driven partly by the occupational and qualification employment levels
projected from Modules 2 and 3, in combination with models and information
on the probability of outflow from employment due to retirements, mortality
and migration. Again, these models build on those already developed by IER
and ROA at national level.

Replacement demands for a particular category (e.g. an occupation) are
the product of: the size of the category and the rate of outflow (which can in
principle be separated out to distinguish the various elements as described
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above). Replacement demands are simply the product of these two. The main
database and EDMOD produce the former for every country, sector,
occupation and gender category. RDMOD produce the latter.

The supply side

The demand side is complemented by a similar modular approach on the
supply side. In this case there are three modules, although one of these is
E3ME, which it has in common with the demand side. The three modules are:
•  Module 1*: an extension of the macroeconomic model (as Module 1 above)

to include the aggregate labour supply model (E3ME*);
•  Module 5: a qualifications model focusing on stocks of people by educational

attainment (StockMOD);
•  Module 6: a qualifications model focusing on flows and graduate numbers

by educational attainment (FlowMOD).
Figure 16 sets out how these modules are linked and how they map onto

the demand side.

Figure 16.  Overview of the modular approach to skills-supply
forecasting (framework)
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Module 1*:  overall labour supply by age and gender (E3ME*)
The links between overall labour supply and activity in the wider economy are
provided by the E3ME model. E3ME is a macro-econometric model used for
forecasting and policy analysis across Europe. The model includes a relatively
detailed treatment of the labour market, including econometric equations for
employment demand, hours worked and wages (all by 42 economic sectors)
and labour-market participation rates. The specification of these equations
means that the model is well-suited to short- and medium-term forecasting.
Model parameters for each of these equations are estimated empirically using
data sets covering the period from 1970 for the Member States (from 1993
for the new members) plus Norway and Switzerland.

This project focuses on the supply of labour, which E3ME addresses by
extending and augmenting its labour-market participation rate equations. This
models labour supply as a function of economic activity, real wage rates,
unemployment, benefit rates and other variables. Econometric techniques are
used to explore the impact of key drivers of changes in labour-market
participation rates. Model parameters are estimated for labour-market
participation in each country. The analysis has been extended in this project
so that participation rates are modelled separately for different age groups
and for gender. This is of key importance for modelling educational
participation and attainment since these are known to be age-specific. The
models developed recognise that the factors that determine labour-market
participation may be different for workers of different age (e.g. those
approaching retirement age compared to participation rates among younger
people still completing their education). Projections of participation rates are
made using these models. These are then combined with official Eurostat
population projections.

The analysis is based on the most recent data sets provided by Eurostat
(population data) and the EU LFS. Many of the available historical data refer
to the period up to 2006, although some extend to 2007 and beyond. The most
recent Eurostat projections of population (Europop2008) are used. Together
these provide the data required to complete a comprehensive set of labour-
market participation rates across all countries stretching to 2017 and beyond.
The year 2007 is used as the baseline for the projections. This is an estimate
based on the limited data available at the time the analysis was completed.
The years after 2007 are projections.

The flow chart shows how the labour market sits within E3ME. The
expanded conceptual framework is then used to create a detailed set of
baseline projections for labour supply, disaggregated by country, age group

Conceptual framework 125



and gender, and covering a 10 to 15 year time horizon. It provides the main
link between overall economic activity and labour-market supply. This then
forms a key input for the analysis of the supply of qualifications and skills in
Module 6.

For further details about the treatment of general labour supply within the
E3ME model, see Pollitt and Chewpreecha (2008).

Module 5:  qualifications stock model (StockMOD)
A number of methods for modelling the supply of qualifications have been
developed in recent years. The most sophisticated involve quite complex
stock-flow models, with strong behavioural elements (Wilson and Bosworth,
2006). Such models are very demanding on data requirements, including
detailed and consistent data on stock and flows, as well as information on the
factors that drive behavioural choices.

The methods developed here are less ambitious They range from very
simple models based on fitting trends to aggregate qualification patterns
amongst the population and/or labour force, to rather more sophisticated
approaches based on econometric analysis of microdata on individuals, using
LFS data. All focus on overall stocks rather than flows.

The more sophisticated econometric approach involves estimation of
models which focus on the propensity of a representative individual to obtain
a given level of highest qualification. This is based on an analysis of a
combination of a time series and a cross-sectional data on individuals from the
LFS microdata set. The modelling of qualifications structure and trend is done
using a multinomial logistic regression model. The model incorporates age
group and gender differences in educational attainment, differentiating trends
by age group and gender. In principle the model also incorporates region-
/country-specific effects on underlying structure and trend, i.e. based on
differences between countries.

The multinomial logistic regression model is used to estimate the probability
of an individual attaining qualification level j (as dependent variable) at time t.
The probability of the representative individual attaining level j at time t can be
expressed as a function of vector of explanatory variables, normalised by the
sum of probabilities for all qualification categories. There are j levels of
qualifications (as measured using ISCED, see Annex B). The sum of
probabilities is constrained to add up to one. The vector of regressors which
are included in the model as explanatory variables can include the full range
of personal and other indicators available in the LFS microdata set.

The regression coefficients are estimated so that the predicted model
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achieves ʻbest fitʼ to the observed data. This is done using the maximum
likelihood method. The matrix of regression coefficients is then used to predict
the distribution of people by qualification at each point in time, t. Note that
categorical variables (country, age, gender, etc.) can be included in the model
as an exhaustive set of dummy variables. The model has been applied
separately to the total population, the economically active population and the
employed workforce.

This method can, in principle, generate insights into the behavioural factors
influencing historical changes (Jones and Wilson, 2006). In practice, the
available data allow only limited behavioural content, and the focus is mostly
on the use of aggregate rather than individual data. In this case, logistic or
linear trends are fitted to the aggregate data. In either case the predicted
shares are applied to the labour force population numbers derived from
Module 1* (E3ME*).

Module 6:  qualifications flow model (FlowMOD)
The participation ratio method can be used to complement the results of the
methods to model changes in patterns of stocks described above. The results
can serve as a robustness check on the stock-based results. The participation
ratio method uses aggregate data from UOE on educational attainment by
age groups and on graduates by level and field of education. The data come
from the joint UIS/OECD/Eurostat questionnaires on education statistics,
which constitute the core of the database on education. Each of the 27
countries considered provided data from administrative records based on
commonly agreed definitions. ISCED 0-6 is the basis for international
education statistics. This part of the project uses two variables: the number of
students by ISCED level, age group (15-19, 20-24, 25-29 and 30-34) and
gender for the period 1998-2005; and the number of graduates by ISCED
level, age group and gender for the period 1998-2005. Student numbers and
graduate numbers are linked by duration of study and completion rates.

The participation ratio method was applied in another Cedefop study to
examine the demographic implications for the number of students and
graduates and teachers by level and education field (Cedefop, 2008b).
Cedefop published the projections for the five-year periods from 2005 up to
2050, differentiated by two broad age groups (15-19 and 20-24), four ISCED
levels (2-5) and 10 education fields. The study argues that the participation
ratio method for projecting graduates has several attractive characteristic
features: it is a relatively simple and practical method, the necessary data are
usually available and projections can be updated easily.
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In the participation ratio method the focus is on graduation rates in
population categories. These can be defined by a certain combination of age
groups and other characteristics like gender. For the purpose of developing
projections, graduation rates can be assumed to remain stable, to follow the
observed trend or to change in some other way. The analysis tries to identify
robust trends in graduation rates; however, the data for many countries are
either limited in scale (short time span) or in scope (not differentiated by age
groups or ISCED levels) or both. This limits considerably the range of
possibilities in terms of dynamic components in the model.

To make the projections from this method suitable for meeting the objectives
of this project, the method has to be modified and extended to encompass
additional assumptions and to focus on flows through the education system
and transitions from education to the labour market. For ISCED 2-5 it is
possible to apply the flow and transition ratios to the number of graduates.
For ISCED 6 it is necessary to develop new forecasts of the number of
graduates by field of education and to calculate the inflow of graduates to the
labour market by making similar assumptions.
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Table 23.  Summary of the main dimensions used

Demand side – employment (number of jobs) by:

1. Sector: 42 E3ME Industries (compatible with NACE classification)

2. Occupation: ISCO 2 digit

3. Country (originally EU-25 + Norway and Switzerland to be extended to include Bulgaria
and Romania)

4. Qualifications (3 broad ISCED levels: low, medium, high – HATLEV1D in the latest 
Eurostat version of the LFS; ideally the 19 categories in HATLEVEL would be used 
but the inconsistencies over time and between countries were too great)

5. Years (E3ME, employment 1970 to 2020 for 17 countries, 1993 to 2020 for 10 ‘new’
countries; since extended to 2025; the EU LFS data set varies depending on country,
generally 1993 to 2000)

Supply side – population and economically active workforce by:

1. Gender

2. Age: 15-19, 20-24, 25-29, 30-39, 40-49, 50-54, 55-59, 60-64, 65+

3. Qualification levels (as for demand side above)

4. Country (as for demand side above, although currently without Malta and Switzerland)

5. Years (E3ME – aggregate labour supply, 2000 to 2025; EU LFS: various, depending on
country/microdata, 1995 to 2002)
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ANNEX  D

Multi-sectoral macroeconomic
model (E3ME)

Most countries have national macroeconomic modelling, in many cases
including multi-sectoral and multi-regional sub-components. There have been
a few attempts to develop cross-country models, perhaps the most widely
used being E3ME.

E3ME is an energy-environment-economy (E3) model of Europe. The
economy element includes detailed treatment of sectoral employment. The
model has been used for general macro analysis and for more focused
analysis of policies relating to the environment, as well as employment
forecasting. Its pan-European coverage is appropriate for an increasingly
integrated European market. E3ME provides a one-model approach in which
the detailed industry analysis is consistent with the macro analysis: in E3ME,
the key indicators are modelled separately for each sector, and for each
region, yielding the results for Europe as a whole. More information is available
on the E3ME website (http://www.e3me.com). A full online technical manual is
available at http://www.camecon–e3memanual.com/cgi–bin/EPW_CGI.
The E3ME model provides:
(a)  annual comprehensive forecasts up to the year 2030:

(i)  for 29 European regions including the EU-27, Norway and 
Switzerland (26);

(ii)  for industry output, investment, prices, exports, imports, employment
and intermediate demand at a 42-industry level including 16 service
industries; for consumer expenditure in 43 categories;

(iii)  for energy demand, split by 19 fuel uses of 12 fuels, and
environmental emissions;

(b)  full macro top-down and industrial bottom-up simulation analysis of the
economy, allowing industrial factors to influence the macro-economic
picture;

(c)  in-depth treatment of changes in the input-output structure of the
economy over the forecast period to incorporate the effects of
technological change, relative price movements and changes in the

(26)  Work has been undertaken to incorporate Bulgaria and Romania into the E3ME model, and these
countries are treated as part of the projectʼs general geographical scope.



composition of each industryʼs output;
(d)  dynamic multiplier analysis, illustrating the response of the main economic

indicators, industrial outputs and prices to standard changes in the
assumptions, such as changes in world oil prices, income taxes,
government spending and exchange rates.

E3ME combines the features of an annual short- and medium-term sectoral
model estimated by formal econometric methods with the detail and some of
the methods of the CGE models, providing analysis of the movement of the
long-term outcomes for key E3 indicators in response to policy changes. It is
essentially a dynamic simulation model of Europe estimated by econometric
methods.

E3ME has the following advantages:
(a)  model disaggregation: the detailed nature of the model allows the

representation of fairly complex scenarios, especially those that are
differentiated according to sector and to country. Similarly, the impact of
any policy measure can be represented in a detailed way;

(b)  econometric pedigree: the econometric grounding of the model makes it
better able to represent and forecast performance in the short to medium
term. It therefore provides information that allows for dynamic responses
to changes in policy and that is closer to the time horizon of many policy-
makers than pure CGE models, which provide long-term equilibrium
solutions;

(c)  E3 linkages: E3ME is a hybrid model. An interaction (two-way feedback)
between the economy, energy demand/supply and environmental
emissions is an undoubted advantage over models that may either ignore
the interaction completely or only assume a one-way causation. For
example, the EU ETS includes a cap on CO2 emissions: the model can be
used to solve for the CO2 allowance price, allowing for effects on electricity
prices and demand, as well as on macroeconomic variables.

Classifications used in E3ME

The main classifications follow the order of accounts in the European System
of Accounts (Eurostat, 1995). These are displayed in a compressed form for
convenience in the tables in PDF files on the E3ME site (27). They include
considerable detail such as that shown in the table.
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Table 24.  Classifications used in E3ME

Classification name Name Number of categories

R countries 29

WR world areas 20

C consumer expenditure 43

G government spending 5

J fuel types 12

K investment sectors 43

T taxes 10

Y industries 42

Labour-market participation rate equations

The theoretical model for labour-force participation rates stems from a paper
by Briscoe and Wilson (1992). The standard analysis of participation in the
labour force is based around the idea of a reservation wage, such that if the
market wage is greater than an individualʼs reservation wage, they will actively
seek employment, and vice versa. It should be noted here that this type of
model assumes excess demand for labour.

The reservation wage is normally described by a group of personal
characteristics such as non-wage income, educational level, age, etc. Many
of these personal traits are inherently unobservable, for example the value of
leisure, and the reservation wage can thus be written as:

W* = w* (X*, o*)

where W* is the reservation wage, X* is a vector of observed characteristics,
and o* is a variable of unobserved characteristics.

Workers choose to participate in the labour force if W > W*, where W is the
market wage. Combined with the factors determining the market wage, the
decision to participate can then be represented by:

P = p (W, X*, o*)

where P is the participation rate.
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In time-series studies, much of the personal background data usually used
in cross-section studies is unavailable, so any model is necessarily limited to
variables describing human wealth (in the narrowest of senses) and market
wage determination. The variables that are available for inclusion are the
market wage rate, a measure of market activity (output), a proxy for non-labour
income and some measure of the tightness of the labour market, for example
the unemployment rate. The basic model, capturing variables in both the co-
integrating and dynamic regressions, can therefore be written as:

P = f (W, GDP, RUNR, RBEN, RSER)

where W is the real market wage, GDP is real output, RUNR is the
unemployment rate, RBEN is a measure of social benefit and RSER is a
measure of economic structure, i.e. manufacturing versus services.

The participation rate is estimated separately for men and women in an
attempt to capture the different factors behind activity in the labour force
between the sexes. Data limitations, however, mean that none of the
explanatory variables are gender-specific. The equation is estimated in
logistic form, which means that the dependent variable is subject to the
transform Li = ln[Pi/(1 – Pi)]. This is because the participation rate, Pi, is
constrained within the [0,1] interval, something which the shape of the resulting
logistic transformation ensures. The labour-market participation rate function
has been expanded to cover a series of age ranges, matching the LFS and
Eurostat classifications.
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ANNEX  E

Producing benchmark
projections of demand/supply
pressure

Background

For reasons set out in the main text, it has not been possible to make direct
comparisons between the present supply results and the previous demand-
side projections. Possible ways of undertaking this in future work, when such
problems of inconsistency have been resolved, have been explored. This
annex sets out the main elements of such an approach.

Demand side

The occupational employment projections (as produced in the earlier demand-
side project (Cedefop, 2008a)) can be taken for this purpose as fixed and
independent of the supply projections (exogenous). Employment levels from
these projections can be regarded as a proxy measure of demand, while
recognising that employment levels are the result of both demand and supply
influences and also recognising that this excludes any unfilled vacancies
(which can be regarded as representing unfulfilled demand).

The qualification proportions within occupations then give the overall
demand picture for qualification categories (with implied numbers in
employment for highly-qualified, medium-qualified and low-qualified
categories).

Assuming that they have been produced in a consistent fashion, using
common data sets and underlying assumptions, these can then be compared
with supply-side projections such as those presented in this report. This
assumes that any complications caused by differences in definition/coverage,
or problems due to differences between LFS and NA based employment
estimates, or use of estimates based on heads versus jobs, residence versus
workplace, etc., have all been resolved.



Supply side

Labour-force numbers by qualification can be taken from the stock-based
model results as presented in Chapter 3 of the present report (28).

Unemployment levels are taken from E3ME. These are regarded as fixed
(exogenous) for the purpose of these comparisons.

This unemployment can then be shared out between high-, medium- and
low-qualified categories, based on an analysis of LFS historical data (i.e. by
analysing and then projecting trends in shares of unemployment in the three
categories, subject to unemployment rates remaining plausible for each of the
categories).

Reconciliation

An iterative sort mechanism (algorithm) can then be developed to sort the
available people (as given by the supply projections) into jobs (occupations,
as given by the demand projections). This reconciles the projected supply
numbers (net of unemployment) with projected demand. This is done in
proportion to where the existing numbers are deployed, focusing attention on
shifting patterns of qualification mix within occupations. This general approach
builds on similar previous research, as set out in Wilson and Bosworth (2006)
for the UK.

ʻBenchmarkʼ information on qualification structure by occupation (as well
as by sector and by country, separately and in limited cases in combination)
for those in employment has been developed in the previous demand-side
project, based primarily on changing patterns in LFS data. This focuses on
outcomes, rather than supply or demand per se (29).

The observed patterns vary by both sector and country. However, given the
limited sample sizes in the LFS, summary results can be developed focusing
primarily on these two dimensions (sector and country) separately. In making
a comparison with the supply side, the main focus is on results summed
across all sectors and occupations within each country.
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(Module 6), but at present this complication is ignored.

(29)  Such information can help meet the needs of those who require indicative material about ʻtypicalʼ
qualification requirements in different jobs.



The general approach proposed for comparing demand and supply involves
a number of interrelated steps, models and modules. Together they cover
various aspects of the national supply of and demand for formal qualifications.

As noted in the previous demand-side projections, adding a qualifications
dimension to analysis of employment trends raises a number of technical and
conceptual issues. These have been addressed in a variety of ways, reflecting
the availability of data and the prime objectives of the earlier study. The
demand side is represented by Module 3 in the previous project. This delivers
overall numbers of people in employment qualified at three broad ISCED
levels.

The various different modules and those developed in the present project
to project corresponding number of people holding qualifications and
qualification shares at various different levels (the supply side) add to this
conceptual framework.

Finally, a sort algorithm reconciles the two sets of estimates. This final
element compares the supply numbers with the demand numbers and
computes the employment patterns to bring the two into agreement (making
certain assumptions about unemployment). Effectively it raises or lowers
qualification proportions within occupations until demand and supply numbers
match. This may not imply that demand and supply are equal however, since
some people may be over- or under-qualified for the jobs they are employed
to do.

The algorithm increases or decreases qualification proportions (for each of
high-, medium- and low-level qualifications) within occupations until the overall
numbers in the qualified categories for each country match the supply-side
figures net of unemployment (ignoring any possible migration). Employment
proportions of the high-level, medium-level and low-level qualification
categories are constrained:
•  to lie between 0 and 1 (1 and 100 %),
•  to sum to 1 (or 100 %).

The final results indicate where there may be some over- or under-
qualification compared with the initial demand-side projections.
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Overview of the key elements required to
compare supply and demand

The key elements are as follows:
(a)  a stock model of supply (Module 5);
(b)  a demand for qualifications model (as in the previous project, Module 3);
(c)  a sorting model (algorithm), which sorts people classified by qualifications

held into occupations in such a way that the results are made consistent.
Box 2 provides further details on how this sorting algorithm works.
The demand results can be compared with the results from the supply-side

analysis, and the two reconciled using the qualifications sorting algorithm
(SORT). The results obtained from the two models have been developed quite
independently. This partly reflects the way the labour market operates. Supply-
driven changes in education and the acquisition of credentials operate quite
independently of changing demand-side patterns that affect the typical
qualification requirements in jobs offered by employers. Typically, market
forces will tend to bring supply and demand into balance. Generally, those
who are better qualified will tend to find and retain employment more readily
than those less well qualified. As shown in Table 25, for many countries there
is a clear monotonic relationship between unemployment rates and the level
of qualification held. The table shows the results for the EU-27. Although the
differentials between qualification levels have narrowed over the past decade,
the probability of unemployment for somebody with low-level formal
qualifications is still almost twice as high as for someone with high-level
qualifications across Europe as a whole.

Table 25.  Unemployment rates by qualification level (EU-27)

2000 2001 2002 2003 2004 2005 2006

Low 12.9 11.5 11.9 12.4 13.6 12.9 12.1

Medium 10.7 10.2 10.0 10.2 10.9 10.1 8.7

High 6.0 5.2 5.3 5.6 5.8 5.5 5.0

Total 10.5 9.6 9.6 9.8 10.3 9.8 8.7

Source: EU LFS microdata.
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The way in which people find jobs, once they acquire their qualifications, is
very complex. However the typical outcomes can be proxied by a simple
sorting algorithm (as summarised in Box 2), which effectively ʻshuffles  ̓qualified
people into jobs (occupations). The algorithm can be adjusted to allow for the
differential unemployment probabilities set out in Table 25. Unemployment
rates and levels can be projected, based on the assumption that the past share
of total unemployment between the three qualification categories remains fixed
at its 2007 value (or some other suitable working assumption). The
implications for unemployment rates can then be checked for plausibility.

Based on the overall projected level of unemployment and the implications
for how this is shared between those qualified at different levels, the iterative
procedure is then used to adjust the total numbers qualified from the
occupational/qualification shares (demand) results to match the results from
the supply model (net of unemployment). This scaling process changes the
occupational employment totals. The occupational totals are then readjusted
to match the original levels. The qualification levels are then readjusted and
the process repeated until a solution is reached in which both the qualification
profile matches the supply model results and the original occupational results
are restored.
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Box 2.  A qualifications ʻsorting  ̓model (algorithm)

This model or algorithm is designed to reconcile the projections from the stock
model of supply (numbers available by the three qualification levels) with those
from the earlier demand for qualifications model (number of jobs requiring
particular qualification levels). The former provides a view of supply-side
developments (the overall number of people who have acquired qualifications at
the three different levels that are actively searching for work), while the latter is
more concerned with changing demand for qualifications within occupations (the
number of jobs available requiring particular levels of qualifications).

The sorting model uses an iterative RAS procedure to reconcile the two sets of
estimates, constraining the overall qualification shares from the stock model of
supply to match those from the demand for qualifications model, while at the same
time maintaining the patterns of occupational deployment, and ensuring a plausible
pattern of unemployment rates for the different qualification categories. It is
focused on which occupations the people with different qualifications end up in.

Overall unemployment levels are taken from E3ME. This is taken as exogenous
for these purposes. The overall level of unemployment is shared out between
qualification categories, based on an extrapolation of patterns from historical LFS
data. Checks are made to see that this results in plausible unemployment rates for
the three qualification categories. The implied unemployment levels by qualification
are then deducted from the overall supply numbers to get the number of people
in employment by qualification level. The sorting model then reconciles this with
the number of jobs available by altering the proportions of people with the three
different qualification levels employed within each occupation until the overall
numbers match the number of people available.

The final results may show over- or under-qualification of people in different
occupations, depending on the overall demand supply balance.

The constraint (matching of numbers by the three qualifications levels) is
imposed at the two-digit occupational level. The key dimensions are:
•  occupation (27),
•  qualification level (3).

The sorting model operates for each country separately.
There are assumed to be no adjustments via cross-border flows (migration or

commuting).
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ANNEX  F

Contributing country experts

Country Name Organisation

Austria BOCK-SCHAPPELWEIN, Julia WIFO

HUEMER, Ulrike Institute for Advanced Studies

LASSNIGG, Lorenz Institute for Advanced Studies

MAHRINGER, Helmut WIFO 

Belgium HENDRICKX, Koen Federal Planning Bureau

VAN TRIER, Walter Faculty of Economics & Business
Administration – Gent University

Bulgaria BRATOEVA, Liliya Private consultant 

KUNEV, Ruslan NCVT

Croatia CRNKOVIĆ-POZAIĆ, Sanja Bit Croatia 

MEŠTROVIĆ, Branka Croatian Employment Service 

TOMIĆ, Iva The Institute of Economics

Cyprus MOUROUZIDES, Yiannis Human Resource Development Authority 

OXINOS, George Human Resource Development Authority 

Czech Republic HAVLÍČKOVÁ, Věra National Training Fund

LAPÁČEK, Michal National Training Fund

ŽÁČKOVÁ, Hana National Training Fund

Estonia KLOOSTER, Karin Ministry of Education and Research 

LAMBING, Mario Ministry of Economic Affairs and
Communications

Finland VOLANEN, Matti Vesa Institute for Educational Research,
University of Jyväskylä

TIAINEN, Pekka Ministry of Labour and Industries

France BEFFY, Magali DEPP – MEN



Country Name Organisation

France ESTRADE, Marc-Antoine Centre d’Analyse Stratégique

OMALEK, Laure Ministère de l’Emploi – DARES

SAUVAGEOT, Claude Ministère de l’Education Nationale

Germany HELMRICH, Robert BIBB

VOGLER-LUDWIG, Kurt Economix

Greece CHLETSOS, Michalis University of Ioannina, Department of
Economics

KAMINIOTI, Olympia PAEP

Hungary HÁRS, Agnes Kopint-Tarki

Ireland FOX, Roger FÁS

LUNN, Pete ESRI

Italy COLOMBO, Emilio University of Milano – Bicocca

DELL’ ARINGA, Carlo Centro di Ricerche Economiche sui
Problemi del Lavoro e dell’Industria

TORCHIO, Nicoletta Istituto per la Ricerca Sociale

Latvia JAKOBSONS, Andrejs Riga Business School

NORMUNDS, Ozols Central Statistical Bureau

SKUJA, Vita Central Statistical Bureau

Lithuania DUMČIUS, Rimantas Public Policy and Management Institute 

GAUŠAS, Simonas Public Policy and Management Institute 

KVEDARAS, Virmantas Vilnius University, Department of
Econometric Analysis Luxembourg 

BLOND-HANTEN, Carole CEPS/Instead 

CLEMENT, Franz CEPS/Instead
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Country Name Organisation

Malta CAMILLERI, Edwin Employment and Training Corporation

Netherlands CÖRVERS, Frank ROA

DUPUY, Arnaud ROA

KRIECHEL, Ben ROA

Norway STØLEN, Nils Martin Statistics Norway

Poland GAJDOS, Artur University of Lodz

KUSIDEL, Ewa University of Lodz

Portugal VALENTE, Ana Higher Institute of Social Sciences and
Business studies

Romania ALEXANDRU, Adriana National Scientific Research Institute for
Labour and Social Protection

GHINARARU, Catalin National Scientific Research Institute for
Labour and Social Protection

MATEI, Monica National Scientific Research Institute for
Labour and Social Protection

Slovakia KVETAN, Vladimir Slovak Academy of Sciences

VANTUCH, Juraj Comenius University

Slovenia KRAMBERGER, Anton Faculty of Social Sciences, University of
Ljubljana

Spain HOMS, Oriol Fundació CIREM

VILLAGÓMEZ, Elizabeth Fundació CIREM

Sweden SUNDIN, Sven Skolverket – Swedish National Agency
for Education

Switzerland SCHWERI, Juerg Swiss Federal Institute of Vocational
Education and Training

United Kingdom CHEWPREECHA, Unnada Cambridge Econometrics

GARDINER, Ben Cambridge Econometrics

LIVANOS, Ilias IER

POLLITT, Hector Cambridge Econometrics

WILSON, Rob IER
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Acronyms and definitions

Institutions and organisations

CE Cambridge Econometrics

Cedefop European Centre for the Development of Vocational Training

DG ECFIN Directorate General for Economic and Financial Affairs

EU European Union

Eurostat Statistical Office of the European Communities

IER Institute for Employment Research

ROA Research Centre for Education and the Labour Market, University of
Maastricht

Skillsnet Cedefop’s network on early identification of skill needs

UOE Unesco-OECD-Eurostat

UIS Unesco Institute of Statistics

Unesco United Nations Educational, Scientific and Cultural Organisation

Others

AMECO Annual macro-economic database of the European Commission’s
Directorate-General for Economic and Financial Affairs

CGE Computable general equilibrium

E3 Energy-environment-economy

EU-27 The 27 EU Member States

EU-27+ The 27 EU Member States plus Norway and Switzerland

EU-25* EU-25, excluding Malta but plus Norway

E3ME Multi-sectoral macroeconomic model

E3ME* E3ME augmented to include detailed labour supply model

EDMOD Model to produce occupational demand projections (expansion demands)

FlowMOD Model of flows into and out from the education system



GDP Gross domestic product

ICT Information and communication technologies

ISCED International standard classification of education

ISCO International standard classification of occupations

LFS Labour force survey

NA National accounts

p.a. Per annum

QMOD Model to produce qualification projections

R&D Research and development

RDMOD Model to produce projections of replacement demands

StockMOD Model of numbers acquiring qualifications (stocks)

WTO World trade organisation
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Definitions of terms used

Conceptual The general theoretical and methodological approach to modelling and
projecting the demand for and supply of skills (as set out in Annex C).

Employment The number of people in work (headcount), national accounts definition,
(or the number of jobs in some cases), split by various dimensions,
including sector, occupation, gender and highest qualification held.

Labour force The number of people economically active (the sum over the various
age ranges of the working age population * the relevant labour-market
participation rate) which includes employed and unemployed.

Population (15+) Anyone of age 15 or over is classified as part of the population in the
context of the model. People over 65 are included in this definition, as
these age groups have participation rates greater than zero.

Working age Anyone of age 15-64 (or 25-64 in case of qualification-related data) is 
population classified as part of the working-age population.

Participation or The percentage of the population that is either employed or unemployed 
activity rate (ILO definition of labour force). This is differentiated by gender and age

group.

Qualifications This term refers to the highest level of education/qualification held by
the individual. The ISCED classification is used for this purpose. The
most aggregate level distinguishes three main levels of education/
qualification: high (ISCED 5-6), medium (ISCED 3-4, excluding 3c short)
and low (ISCED 0-2, plus 3c short).

Demand In the context of the model, labour demand is taken to be the same as
employment levels. It does not include (for example) unfilled vacancies.

Supply In the context of the model, labour supply is taken to be the same as the
labour force.
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