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Towards a target employment rate within
age and gender groups
Stanisław Jaworski1 , Zofia Zielińska-Kolasińska2
ABSTRACT
Quarterly employment rates in European countries are analysed in terms of the likelihood of
achieving a specific employment rate within age and gender groups in a five-year horizon.
The German employment rate serves as a benchmark for this research. The likelihood is
estimated by a Monte-Carlo simulation based on the class of exponential smoothing models.
The research presents a pessimistic prognosis of employment rates in European countries
with respect to young and partly to older workers.
Key words: employment rate, exponential smoothing, forecasting, state space approach.

1. Introduction
The European Employment Strategy dates back to 1997, when the Member States of the
European Union committed themselves to establishing a set of common goals and tasks in
the field of employment policy. Its main goal was to create more and better jobs throughout
the European Union. Consequently, national governments have proposed and agreed common employment policy priorities and objectives. Governments have committed to annual
reports on the implementation of the Employment Guidelines and an assessment of the Key
Employment and Social Indicators.
In 2010, the European Council adopted the Europe 2020 strategy. One of the main
targets of this strategy at the European Union level was to raise, by the year 2020, the
employment rate of the population aged 20-64 years to at least 75%. The year 2010 was
a key milestone in the evolution of the European Employment Strategy because European
cooperation on the economic and employment policy had faced the global economic and
financial crisis during 2007-09. The crisis has slowed the economic development of many
countries until 2013. Despite the global crisis the majority of European countries achieved
their targets.
Two age groups in the labour force are of particular interest: people aged 15-24 and 5564. The population of the European Union is currently experiencing an ageing process, and
predictions in this area suggest that this process will accelerate during 2019-2050 (CorselliNordblad et al. (2020a)). Demographic ageing means the proportion of people of working
age in the EU is shrinking. Hence, the employment rate of older and young people is among
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the main policy objectives that European Union has adopted in recent years. A considerable portion of young people aged 15-24 years in the EU is economically inactive. The
European Union supports the process of reducing youth unemployment by creating various
programs, like The Youth Guarantee (European Commission (2018)), Youth Employment
Initiative (European Commission (2012)), Skills Agenda for Europe (European Commission (2020b)) and Investing in Europe’s Youth (European Commission (2017)). Moreover,
the European Commission suggests that the most pressing concern of policy-makers is to
encourage older people to remain in the labour market for as long as possible (CorselliNordblad et al. (2020a)). A key reason for increasing retirement age is to ensure the financial sustainability of the state pension programme. Moreover, the retirement-aged include
workers with extensive experience who can contribute to generating new jobs and make net
contribution to GDP. There is also evidence that meaningful and appropriate work benefits
older people. Paid work increases their incomes, helping them to achieve higher standards
of living. In response, many countries have decided to increase the retirement age. But there
is an example of doing the opposite. The topic of the age at which Poles retire returned in
the election campaign of 2020. The retirement age was raised in 2012 by the government
of Donald Tusk. According to the law then in force, men were to reach the target retirement
age of 67 in 2020, and women 20 years later – in 2040. In 2016, the government of Beata
Szydło restored the act to its pre-2012 version.
The aim of the work is to estimate the probability of achieving given employment rates
within age and gender groups across European countries in a five-year horizon on the basis
of employment time series forecasts. German 2019 employment rates reduced proportionally by 5% are taken as the base rates. We compare them accordingly with employment rates
of other member states of the European Union. The choice of these base rates is justified to
some extent. The applied analysis required comparisons with reasonably high rates. Moreover, the German labour market belongs to the strongest in Europe and experienced robust
performance in the financial crisis of 2007-2009. Therefore, the choice seems reasonable
as benchmarks of better and satisfactory employment rates for many member states of the
European Union. The estimates are based on quarterly employment rates from Eurostat.

2. Research methodology
The probability of achieving a given employment rate is estimated by Monte-Carlo simulation by the use of exponential smoothing methods. Although the methods have been
around since the 1950s, a modelling framework incorporating procedures for model selection was not developed until the nineties. Ord et al. (1997), Hyndman et al. (2002) and Hyndman et al. (2005) have shown that all exponential smoothing methods are optimal forecasts
from innovations state space models. The innovations state space approach provides prediction intervals, maximum likelihood estimation and procedures for model selection. The
theoretical background of the methods can be found in Hyndman et al. (2008b). Software
implementation of the methods is described in Hyndman et al. (2008a), where for each of
the fifteen exponential smoothing methods the authors specify two possible innovations state
space models, one corresponding to a model with additive errors and the other to a model
with multiplicative errors. The models are combinations of components such as the trend,
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seasonal, and irregular or error components. The trend component can be additive, additive
damped, multiplicative and multiplicative damped. The seasonal component can be additive
or multiplicative. The general model involves a state vector xt = (lt , bt , st , st−1 , . . . , st−m+1 )′
and state space equations of the form
yt = w(xt−1 ) + r(xt−1 )εt
xt = f (xt−1 ) + g(xt−1 )εt ,
where yt , t = 1, . . . , T , denote observations, {εt } is a Gaussian white noise process with
mean zero and variance σ 2 . Components lt , bt and st are unobservable and represent the
trend, slope and seasonality respectively. The number of seasons in a period, denoted by m,
is a given number. Functions w, r, f , g are known and have a specific form (see Hyndman et
al. (2008a)).
As an illustrative example of this class of models let us consider the known Holt’s model
defined by the equations:
Level:
Growth:

yt = αyt + (1 − α)(lt + bt−1 )
bt = β ⋆ (lt − lt−1 ) + (1 − β ⋆ )bt−1

These equations can be rewritten to the following form:

yt = 1 1 xt−1 + εt

 

α
1 1
ε
xt−1 +
xt =
β t
0 1
where β = αβ ⋆ , xt = (lt , bt )′ , µt = yˆt = lt−1 + bt−1 and εt = yt − µt denotes the on-step
forecast error at time t. The model is fully specified once we state the distribution of the
error term εt . Note that in this case


 

1 1
α
wt (xt−1 ) = 1 1 xt−1 , r(xt−1 ) = 1, f (xt−1 ) =
xt−1 and g(xt−1 ) =
. Gen0 1
β
erally, a penalised method based on the in-sample fit Akaike’s Information Criterion is used
in the work to choose appropriate models for the investigated employment series. To estimate the probability of achieving the given target employment rate the set of 1000 sample
paths that are future to and conditional on the data is produced. Then, the number of paths
crossing the target is calculated. Thus, we estimate probability P(yt > target) for a given t.
The maximum estimate error in this case does not exceed 3%.

3. An example: the Visegrád Group
The Visegrád Group is a cultural and political alliance of four countries of Central Europe (the Czech Republic, Hungary, Poland and Slovakia), all of which are members of
the EU and of NATO, with the aim to advance mutual co-operation in military, cultural,
economic, climate and energy matters and to further their integration to the EU. All of the
countries belonged to the former Eastern Block. The employment rates of these countries
and Germany are shown in Figure 1.
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Figure 1: Quarterly time series of employment rates of Germany and the member countries
of the Visegrád Group with respect to gender and age groups: 2005-2019

Figure 2: The comparison of the 2019 employment rates of Germany and the member
countries of the Visegrád Group with respect to gender and age groups
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Note that middle-aged workers (25-54 years old) have similar employment rates. There
are much greater differences between the employment rates in the group of young (15-24
years old) and old people (55-64 years old). This can be seen in the comparison of Germany
against different countries of the Visegŕad Group. The German employment rate is at least
as high as those of other countries. We want to find out the probabilities of the member
countries of the Visegrád Group achieving the given level of 95% German employment
rate. Figure 2 depicts 2019 employment rates of Germany and the member countries of
the Visegrád Group with respect to gender and age groups. It can be taken to mean that
differences between probabilities of achieving the given levels will be smaller in young and
old workers. For example, the difference in the group of young women between Slovak
and German employment rates is relatively large (over 20%). The Slovak employment time
series has been well under 30% since 2010 and was declining in the last four years. Thus,
the probability of reaching the German employment rate is expected to be low in the case
of young Slovak women.
Let us consider the forecast of the Slovak employment rate for this group. The point
forecast is given in blue in Figure 3. Three further forecasts were simulated, smoothed and
added in red into Figure 3. The forecasts are represented by three smoothed lines starting at
2020. In order to estimate the probability of crossing the given level, there were 1000 such
lines generated altogether. The forecasts were smoothed to avoid the short-term influences
of seasonal pattern.

2005

2010

2015

2020

Figure 3: Forecast of the employment rate for young Slovak women
The procedure was repeated for the rest of the member countries of the Visegrád Group.
The prognosis for young people is not optimistic: neither probability based on prediction
for four countries and years 2020-2024 exceeds 1%. The results for old people are better but
not in all of the countries (Table 1). The results for middle-aged people are the best (Table
2). In this case, most estimates are equal to one.
In general, most middle-aged people are employed. The employment rate of older workers increased between 2005 and 2019 but the pace of growth was not uniform in the considered countries. Universally older workers bring a level of experience, critical thinking and
sheer knowledge that cannot be taught. In some industries it takes a decade or longer for
workers to gain the technical skills necessary to master the job. Despite these advantages,
the labour market of many countries does not offer suitable jobs for older people. There are
many reasons for this but discussing them is beyond the scope of the work. In fact, not all
countries are expected to improve the employment rate of older workers.
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Table 1: Forecasts of the probabilities of reaching the 95% German employment rates by
the member countries of the Visegrád Group with respect to gender; results for old people
Gender

Country

2020

2021

2022

2023

2024

Female

Czechia
Hungary
Poland
Slovakia

0.13
0.00
0.00
0.02

0.84
0.00
0.00
0.45

0.98
0.00
0.00
0.80

1.00
0.00
0.00
0.93

1.00
0.00
0.00
0.97

Male

Czechia
Hungary
Poland
Slovakia

0.99
0.51
0.00
0.00

0.99
0.87
0.00
0.00

1.00
0.96
0.00
0.00

1.00
0.98
0.03
0.00

1.00
0.98
0.10
0.00

Table 2: Forecasts of the probabilities of reaching the 95% German employment rates by
the member countries of the Visegrád Group with respect to gender; results for middle-aged
people
Gender

Country

2020

2021

2022

2023

2024

Female

Poland
Slovakia
Other countries

0.40
0.70
1.00

0.42
0.67
1.00

0.44
0.64
1.00

0.46
0.63
1.00

0.45
0.62
1.00

Male

All countries

1.00

1.00

1.00

1.00

1.00

Compared to old people, young workers tend to have fewer general work skills and less
specific human capital relevant to the particular firm employing them (Bell et al. (2011)).
They are faced with wages that provide inadequate compensation for the loss of benefits
and with suboptimal commutes. The lack of mobility and limited job search area severely
limits their job opportunities.
Many factors influence the employment rate. An interesting discussion may be found in
Matthews et al. (2014). Each of the European countries has its own specific factors lowering
its employment rate. As the set of common goals and tasks in the field of employment policy
is formulated and agreed on, the main goal for every country is to create more and better
jobs. This will increase the employment rate. The reasonable measure of the rise should be
based on the level itself. The idea of model-based estimate of achieving the specific level
representing the one of the strongest labour markets in Europe holds this criterion and takes
into account the structure of employment rate time series. The benchmark in this approach
is the strong German economy, which is the largest contributor to the EU budget.

4. Employment Rates Forecasts
The following countries were analysed: Austria, Belgium, Bulgaria, Croatia, Cyprus,
Czechia, Denmark, Estonia, Finland, France, Greece, Spain, Ireland, Lithuania, Luxemburg, Latvia, Malta, Netherlands, Germany, Poland, Portugal, Romania, Slovakia, Slovenia,
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Sweden, Hungary, the United Kingdom, Italy. The model-based estimates of achieving the
95% German employment rates were calculated as in the previous section. The results are
as follows.
Results for young women and men.
1. The estimated probabilities are less than 0.05 for Belgium, Bulgaria, Czechia, Greece,
Spain, France, Croatia, Italy, Cyprus, Latvia, Hungary, Poland, Portugal, Romania,
Slovenia, Slovakia.
2. The estimated probabilities are equal to at least 0.98 for Denmark, Malta, Netherlands, Austria, Finland, Sweden, the United Kingdom.
3. For other countries the estimates are in Table 3. With the exception of Ireland, the
estimates are increasing.
Table 3: Model-based estimates of achieving the 95% German employment rates; results
for young workers from countries with estimates greater or equal to 0.05 and less than 0.98
Gender

Country

2020

2021

2022

2023

2024

Female

Estonia
Ireland
Lithuania

0.53
0.39
0.00

0.63
0.30
0.00

0.69
0.24
0.02

0.72
0.19
0.10

0.75
0.21
0.23

Male

Estonia
Ireland
Lithuania

0.38
0.12
0.00

0.46
0.10
0.00

0.51
0.06
0.03

0.58
0.06
0.06

0.61
0.06
0.09

Most of the calculated estimates do not exceed 5%. Only 25% of European countries have
the estimates greater than 98%. Three countries are between these two extreme cases. This
shows that the European countries are highly differentiated.
Results for middle-aged women and men.
Estimates for middle-aged people are shown in Figure 4. In this case, estimates for most
countries are very close to one, therefore only those that are less than 0.9 are displayed.
Generally, most middle-aged people in Europe are employed. Employment rates are as high
as in Germany and in some cases they are slightly greater. Therefore, the estimates are close
to one.
Results for old-aged women and men.
The case of old workers is rather complex. For some of the countries the probabilities
of reaching the 95% of the appropriate German employment rates levels are very low (e.g.
for Poland, Romania and Greece) (Table 4). On the other hand, there are countries with
a high probability of achieving it (Table 4). Some countries show the probability steeply
increasing in the group of women or men (Figure 5).
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Jaworski S., Zielińska-Kolasińska Z..: Towards a target employment...

Figure 4: Model-based estimates of achieving the 95% German employment rates; results
for middle-aged people from countries with estimates less than 0.9
Table 4: Countries with the investigated probabilities less than 0.3 are marked with × and
greater than 0.8 are marked with ⊗
Country

Women

Men

Greece
Croatia
Italy
Hungary
Malta
Austria
Poland
Romania
Belgium
Spain
France
Slovenia
Slovakia

×
×
×
×
×
×
×
×

×
×
×

×
×
×
×
×
×
×

Country
Czechia
Denmark
Estonia
Latvia
Lithuania
Netherlands
Finland
Sweden
United
Cyprus
Hungary

Women

Men

⊗
⊗
⊗
⊗
⊗
⊗
⊗
⊗
⊗

⊗
⊗

⊗
⊗
⊗

⊗
⊗

An interesting case is France. The country is one of the largest contributors to the EU
budget, like Germany, but its employment rate is less than in Germany and the investigated
probability is very low in both gender groups (mostly less than 2%). This shows how difficult it is to resolve the dispute about the reasons for the given employment levels to differ.
Differences in German and French labour-market institutions are significant. The two countries have different economic strategies that affect employment rate and level. Application
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of collective bargaining at the firm level allows for more flexibility in Germany (HerzogStein et al. (2013), Möller (2010)). However, the higher resilience and flexibility of the
German labour market comes at the price of higher market-income inequality and poverty
across individuals and age groups (Hartung et al. (2018), Cléaud et al. (2019)).

Figure 5: Model-based estimates of achieving the 95% German employment rates; results
for old-aged people from countries with estimates between 0.3 and 0.8
Although Germany’s growth model has allowed it to benefit from the strong post-2008
financial crisis recovery in the global economy, it also makes it more exposed to swings in
the global cycle. France’s growth model has relied more on domestic demand. Together
with a larger public sector, this has helped to smooth out economic cycles, but has also
implied some losses in cost competitiveness and a significantly higher tax burden (Cléaud
et al. (2019)).

5. Summary
The idea of model-based probability estimate of reaching the specified employment rate
level represented by one of the strongest labour markets in Europe and at the same time
one of the largest contributors to the EU budget, i.e. Germany, was applied. This approach
takes into account the structure of employment rate time series and allows to forecasting the
probability of achieving the given level. The research comprises groups by age and gender.
The prognosis is based on the data from 2005 to 2019. The data embracing the year 2020 are
not included in the analysis. The one-year series relate to the global spread of a new disease
and appear too short to be included into a statistical model. According to the knowledge of
the authors no similar approach to the issue has been proposed.
The obtained results are not optimistic for young people. Low probability of reaching
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the German employment rates levels results from the past covering of 2005-2019 time period. It means that the time series consist of low rates (for example in the case of Bulgaria,
Italy or Greece) or are not expected to increase fast enough as in the case of Cyprus, Latvia,
Slovenia and other countries with relatively high employment rates. This is true for Belgium, Bulgaria, Czechia, Greece, Spain, France, Croatia, Italy, Cyprus, Latvia, Hungary,
Poland, Portugal, Romania, Slovenia and Slovakia. The 2019 employment rates of these
countries are shown in Figure 6.

Figure 6: The 2019 employment rates for young people
The employment rates for old people are more optimistic. The rates are increasing and
that is reflected by the increasing probability of approaching the levels of German employment rates. Slovakia, Portugal, Spain and Belgium show high growth rates among women.
Their probabilities of approaching the 95% German employment rates levels are expected
to rise above 80% no later than in 2024. Among men it includes Estonia, Italy, Finland and
Austria (see Figure 5).
The employment rates for old people may be strongly influenced by the pandemic. A
large body of research has established health as a significant factor affecting the labour market participation of older people, with those in poorer health more likely not to be employed
(van den Berg et al. (2008), van Rijn et al. (2014)). Figure 7 shows the distribution of difference between employment rates of 2020:Q2 and of 2019:Q2. About half of the European
countries show a decrease in employment rates among old-aged people since the beginning
of the pandemic. The distribution is shifted to the left compared to the corresponding data
of a previous year. Differences in employment levels are more varied for women, as can be
seen from the different scale of distributions.
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Figure 7: Employment rate difference distribution 2020:Q2 vs 2019:Q2 and 2019:Q2 vs
2018:Q2 for old people across European countries.
The German Institute for Economic Research (DIW Berlin) said that Germany’s economic output could return to pre-crisis levels toward the end of 2021. The prognosis for Europe is less optimistic. Autumn 2020 Economic Forecast of European Commission claims
that output in both the euro area and the EU is not expected to recover its pre-pandemic
level in 2022. Hence, the forecasts contained in this article should be postponed by at least
two years.
The low employment rate of young people is very disadvantageous from a social point
of view. Already in the nineteenth century, Gustav Le Bon wrote: The conditions of success
in life are the possession of judgment, experience, initiative, and character – qualities which
are not bestowed by books (Le Bon (2015)). This message is still relevant today (compare
with Bell et al. (2011) and Standing (2016)).
The increasing employment rate of older people is implied by demographic ageing. The
European Commission suggests that policy makers should have incentivized older workers
to remain longer in the labour market. Good health is for many an imperative for working
beyond the pensionable age. The employment rate for old people depends strongly on the
quality of health, quality of work, benefit system and other factors.
Low employment rates of young and old workers are connected with the phenomenon
of a growing number of people with transient roles in the labour market, short spells of
employment interspersed with unemployment spells of varied length that do not make life
meaningful. Standing (2016) argues that this class of workers, called Precariat, will cause
instability in society. Presence of a large Precariat raises the spectre of populist movements
to restrict the movement of labour and to promote disenfranchisement of various vulnerable
groups. The populist movements go against the mainstream media, universities, the political
class, banks, and also against widely accepted truisms such as global warming and the
benefits of free trade (Dustmann et. al (2017)).
Some implications of low employment were outlined. The issue is complex and requires
detailed research. The aim of the article is not to explain the complexity of the labour market, but to state the pessimistic prognosis about employment rates in European countries. It
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seems that governments of many countries should revise their economic strategies affecting
labour market if they want to achieve satisfactory employment rates
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