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Female Labour Force Projections Using Microsimulation for Six EU Countries

APPENDIX

Ross Richardson, Lia Pacelli, Ambra Poggi, Matteo Richiardi

A THE MICROSIMULATION MODEL

A.1  Model structure

The forecasting model for the six case studies is a dynamic microsimulation (Li & O’Donoghue,
2013), based on the models of Richiardi and Poggi (2014) and Leombruni and Richiardi (20006). It
is implemented in the Java programming language using the JAS-mine microsimulation platform

(Richiardi & Richardson, 2016, 2017).

The model inputs include a representative sample of the population in each country, drawn from
the 2011 wave of EU-SILC (the last available at the time of the implementation), plus the
coefficients of the transition models estimated' on the 2005-2011 EU-SILC longitudinal panel, and
tables for the scenario parameters. As a general rule, each equation is estimated separately by
country, so all coefficients and parameters are country specific. However, for some equations
where there was not enough within-country variation in some independent vatiables, estimation
was performed on the pooled six-country data, with country interactions included for the other

independent variables.

Individuals effectively enter the simulation at age 17, the first age observed in EU-SILC data

(because we do not observe individual trajectories for these individuals prior to age 17, we have to
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implement simplified modules for them — see Section A.6 below). The initial population is then
evolved forward in time from 2013 to 2050 according to the coefficients and the scenario
parameters. Time is discrete, with one period corresponding to one year: correspondingly, all
models are discrete choice models (either probit or multinomial probit models) with the outcome
variable being the probability of occurrence of a given event/transition.” The microsimulation is
composed of four different modules: (i) Demography, (ii) Education, (iif) Household composition,

(iv) Labour market; each module is in turn composed of different processes, or sub-modules.

In each period, agents first go through the Demographic module, which deals with evolving the
population structure by age and gender. Then, age is checked and those individuals above
retirement age retire (see Section A.5.1 for how retirement age is determined). Retired individuals
remain in the simulation until they die but nothing else happens to them except the ageing process.
Students between 17 and 30 years old enter the Education module. If they remain in education,
nothing else happens to them until the next period. If they exit education, they join the ranks of
potentially active individuals. Females enter the Household composition module, and join males in

the Labour market module.

The model simulates the following state variables of the individuals: age, gender, region,
educational attainment, labour market status (student, employed, unemployed, retired or other
inactive), cohabitation status (for females only) and number and age of children (for females only).

The following paragraphs explain in more details how the different modules work.

A.2  Demography

The Demographic module ages all individuals in the population and then passively aligns the
population to Eurostat projections, by gender, age and simulation time. This means that at each
simulated time (for example, 2022) the simulated population is partitioned by gender and age. The
size of each resulting cell is then compared to the Eurostat projections™ if in a given cell there are
too many simulated individuals, those in excess (randomly selected) are removed from the
simulated population; if on the other hand there are too few simulated individuals, an appropriate
number of randomly selected simulated individuals are cloned and added to the simulation. This
also takes care of migration, under the assumption that (i) those who move out of the country do
not self-select, and are on average similar, given their age and gender, to those who do not emigrate,
and (i) immigrants immediately become similar to those already living in the destination region.

This is a simplifying assumption and is motivated by the fact that projections on migration flows
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are not easily available. Also, internal mobility within regions is not modelled, again because
demographic projections at a regional level are not available from Eurostat. Because cell resizing
(that is removing and cloning) is done randomly, this implicitly assumes that the distribution of the
population between different regions remains constant. Hence, any internal migration flow (for
instance between the South and the North of Italy) is assumed to be persistent (constant over the
years), so that what we observe in the data, and keep constant throughout the simulation, is an

equilibrium distribution.

A.3 Education

The Education module is comprised of two sub-modules: (i) Enrolment, and (if) Achievement.
The model is aligned to external forecasts with respect to the share of individuals with high
education in each country, as provided in Eurofound (2016). This means that the simulation meets
those aggregate targets exactly, and then distributes the educational achievements among those

who exit education based on their individual characteristics.

A.3.1 Enrolment

The first process in the Education module determines whether students continue education. Then,
if a student leaves education, his/her level of completed education is determined, distinguishing
between Low (International Standard Classification of Education —ISCED— 0, 1 and 2), Medium
(ISCED 3 and 4) and High (ISCED 5 and 6) education. This automatically takes care of drop-outs,
that is, individuals who exit education at a late age given their level of completed education. Exit

from education is forced at age 30 years.
Enrolment is modelled as a function of gender, age, and region, and is estimated on students aged

18-29 years (inclusive). Results of the probit model are reported in Table A.3.1, with ‘Robust SE’

referring to the robust standard errors of the estimation:
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Table A.3.1: Probit Estimates of the probability of remaining in education, Education module.

55

Enrolment EL ES HU

(probit) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
gender = Female -0.092 0.060 0.064 0.038 0.045 0.042
age > 22 & age <= 25 -0.406  ** 0.071 -0.462 ¥ 0.045 -0.519 ok 0.050
age >25 & age <=30 -0.989  ** 0.099 -0.923 0.057 -1.355 ok 0.082
regional dummies yes  yes yes yes  yes yes yes  yes yes
_cons 1.200  ** 0.065 1.012  ** 0.057 1.239 ok 0.054
Pseudo R 0.049 0.055 0.069

Number of observations 2,556 5,916 5,107

Enrolment IE IT SE

(probit) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
gender = Female 0.020 0.088 0.064 0.033 -0.030 0.048
age > 22 & age <= 25 -0.993 0.174 -0.159  ** 0.040 -0.049 0.074
age >25 & age <=30 -0.274 0.279 -0.666  ** 0.045 -0.398 ok 0.080
regional dummies yes  yes yes yes yes yes  yes yes
_cons 0.654  ** 0.065 0.952  ** 0.045 0.567 ok 0.049
Pseudo R? 0.0331 0.0298 0.0075

Number of observations 922 7,816 2,660

Notes: Population at risk: students aged 18-29 years.

RICHARDSON, PACELLI, POGGI, RICHIARDI  Female Labonr Force Projections Using Microsimulation for Six EU Countries APPENDIX



INTERNATIONAL JOURNAL OF MICROSIMULATION (2018) 11(2) 52-83 56

A.3.2 Achievement

Once an individual exits education, he or she is assigned an educational attainment. The model is
a multinomial probit as a function of gender, age, and region; it is estimated on individuals aged
18-30 (inclusive) who made the transition from being a student (at time #7) to not being a student

(at time 7). Estimation results are reported in Table A.3.2.
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Table A.3.2.1: Multinomial probit estimates of the probability of having attained a specific educational level, Education module (base outcome is education = Medium).
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Education EL ES HU

(multinomial probit) Coefficient Robust SE Coefficient Robust SE  Coefficient Robust SE
education = High

gender = Female 0.757 ok 0.241 0.162 0.123 0.719 ok 0.160
Age 3.827 ok 0.635 2.298 ok 0.357 5.329 ok 0.721
age squared -0.071 ok 0.013 -0.042 ok 0.007 -0.099 ok 0.015
regional dummies yes yes yes

constant -51.059 ok 7.868 -30.380 ok 4.317 -71.249 ok 8.805
education = Low

gender = Female -0.534 0.307 -0.473 ok 0.128 -0.253 0.195
age -1.813 ok 0.638 -2.006 ok 0.280 -4.744 ok 0.461
age squared 0.038 ok 0.014 0.039 ok 0.006 0.094 ok 0.010
regional dummies Yes yes yes

constant 19.835 ok 7.253 25.045 ok 3.217 56.681 ok 5.409
Number of observations 431 1,234 928
Education IE IT SE

(multinomial probit) Coefficient Robust SE Coefficient Robust SE  Coefficient Robust SE
education = High

gender = Female 0.140 0.366 0.371 *K 0.124 0.314 * 0.209
age -1.315 2.872 2.998 ok 0.534 0.540 ok 0.535
age squared 0.053 0.068 -0.053 ok 0.010 4.084 ok 0.0110732
regional dummies yes yes yes

constant 3.025 30.189 -41.766 ok 0.803 -55.727 0.396
education = Low

gender = Female -0.148 0.376 -0.172 0.121 -0.145 0.163
age -7.570 ok 1.951 -1.227 ok 0.254 -1.103 * 0.477
age squared 0.175 ok 0.048 0.025 ok 0.005 0.026 * 0.010
regional dummies yes yes yes
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constant 79.188 *K 19.796 13.336 *K 2941 10.251 5.474
Number of observations 219 1,511 848

Notes: Population at risk: former students aged 18-30 who have just left education.
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A.4 Household composition
The Household composition module is applied only to females, the reason being that family
composition barely matters for the labour participation decisions of men. The module is comprised

of two processes: (i) living in consensual union, and (ii) maternity.

A.4.1 Living in consensual union

This process is estimated for all women aged 18-75 years who are not in education, and describes
both union formation and union dissolution (due to any cause: divorce, widowhood, etc.). To limit
endogeneity concerns, the main explanatory variables enter the specification as lags: lagged labour
market participation status (active or retired), lagged student status, and lagged maternity status
(whether or not the woman has children aged three years or below). Additional controls include

age and education. Estimation results are reported in Table A.4.1.
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Table A.4.1.1: Probit estimates of the probability of living in consensual union, Household composition module.
Living in union EL ES HU
(probit) Coefficient Robust SE Coefficient Robust SE  Coefficient Robust SE
active (t-1) -0.146 * 0.059 -0.098 * 0.040 -0.040 0.050
student (t-1) -0.575 * 0.242 -0.726 ok 0.158 -0.253 0.192
living in union (t-1) 4.085 ok 0.060 3.907 ok 0.037 4.028 ok 0.040
children aged 3 or under (t-1) -0.036 0.152 0.089 0.075 0.247 * 0.113
retired (t-1) 0.058 0.072 0.004 0.058 -0.010 0.062
age 0.040 ok 0.011 0.026 ok 0.007 0.021 * 0.010
age squared -0.001 ok 0.000 -0.000 ok 0.000 0.000 ok 0.000
education = Medium 0.007 0.053 -0.059 0.041 0.134 ok 0.043
education = High 0.151 * 0.067 0.015 0.040 0.059 0.053
regional dummies yes yes yes
constant -2.374 ok 0.256 -2.027 ok 0.171 -2.336 ok 0.236
Pseudo R’ 0.846 0.831 0.842
Number of observations 16,725 33,353 24977
Living in union IE IT SE
(probit) Coefficient Robust SE  Coefficient Robust SE  Coefficient Robust SE
active (t-1) -0.071 0.071 -0.059 0.039 -0.213 ok 0.073
student (t-1) -0.675 0.471 -0.280 * 0.110 -0.548 ok 0.141
living in union (t-1) 3.964 ok 0.095 4.304 ok 0.035 3.092 ok 0.050
children aged 3 or under (t-1) 0.552 ok 0.140 0.137 0.092 0.704 ok 0.085
retired (t-1) -0.573 ok 0.135 0.043 0.044 0.001 0.089
age 0.152 ok 0.019 0.029 ok 0.007 0.089 ok 0.011
age squared -0.001 ok 0.000 -0.000 ok 0.000 -0.001 ok 0.000
education = Medium 0.392 ok 0.079 -0.055 0.035 -0.016 0.054
education = High 0.300 ok 0.087 -0.007 0.050 0.031 0.057
regional dummies yes Yes yes
constant -6.280 ok 0.529 -2.112 ok 0.156 -3.515 ok 0.271
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Pseudo R? 0.796 0.874
Number of observations 6,817 48,036

0.641
13,596

Notes: Population at risk: females aged 18-75 who are not students.
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A.4.2 Maternity

Females aged 18-45 (inclusive) enter the maternity module, where it is determined whether in the
current year they have a new baby (the possibility of giving birth to more than one child per year
is not considered). The specification controls for three policy parameters: the amount of regional
childcare spending per child, the amount of parental leave benefits (expressed in % of GDP), and
the availability of part-time jobs. On leave benefits are regulated by a national law, and we can
safely assume that they are exogenous (data come from the OECD Family database). As for
childcare, we use a measure of public provision of childcare, which under the hypothesis that policy
makers respond only sluggishly to changes in the demand for childcare, can also be considered as
exogenous. The data we use also come from the OECD Family database, and are available only at
the national level. Finally, we use the share of part-time work among women in the 18-45 years age
range in the region as a proxy of the availability of part-time opportunities. Under the assumption
that use of part-time labour in firms is mainly driven by social norms and managerial culture, this

is also exogenous.

The specification also controls for one alignment variable: the overall (national) fertility rate. In the
simulation, this is derived from the official demographic projections. Including it among the
covariates ensures that the implicit fertility rate coming from the simulations tracks the official
projections — indeed, our process becomes a model of differential alignment around the target
given by the demographic projections, whereas fertility is allowed to vary across sub-groups, as
defined by gender, age, region and the other explanatory factors. Table A.4.2 reports the estimation
results. Any further differences between the overall fertility rate coming from the simulation and

that defined by the demographic projections is adjusted by an additional alighment process.
To exploit cross-country variation in policy variables, the model is estimated on pooled data for all

countries, with regional dummies. Interaction between regional dummies and the variables of

interest are used to permit differences in the returns of covariates across countries.
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Table A.4.2.1: Pooled probit estimates of the probability of having a child, Household composition module.
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Maternity EL ES HU

(pooled probit with country interactions) Coefficient Robust SE  Coefficient Robust SE  Coefficient Robust SE
public childcare exp. / child (000 $PPP) 0.148 ok 0.015 0.148  ** 0.015 0.148  ** 0.015
on leave benefits (weeks) -0.004 0.010 -0.00 0.010 -0.004 0.0102
availability of part-time work (%0) 1.298 0.955 1.298 0.955 1.298 0.9554
active (t-1) 0.059 0.044 0.059 0.044 0.059 0.0438
student (t-1) -0.126 0.099 -0.126 0.099 -0.126 0.0994
living in union (t-1) 0.768 ok 0.050 0.768  ** 0.050 0.768  ** 0.0498
children aged 3 or under (t-1) 0.310 * 0.134 -0.650  ** 0.099 -0.405 * 0.1639
children aged 4-12 (t-1) -0.553 ok 0.182 -0.393  ** 0.079 -0.678  ** 0.1721
age 0.262 ok 0.030 0.262  ** 0.030 0.262  ** 0.0303
age squared -0.005 ok 0.001 -0.005  ** 0.001 -0.005 ¥ 0.0005
education = Medium 0.039 0.043 0.039 0.043 0.039 0.043
education = High 0.163 ok 0.045 0.163  ** 0.045 0.163  ** 0.045
regional dummies Yes yes yes

fertility rate 27.476 ok 2.875 27.476  ** 2.875 27476 ** 2.875
constant -6.513 ok 0.589 -6.513 % 0.589 -6.513 0.589
Maternity IE IT SE

(pooled probit with country interactions) Coefficient Robust SE  Coefficient Robust SE  Coefficient Robust SE
public childcare exp. / child (000 $PPP) 0.148 ok 0.015 0.148  ** 0.015 0.148  ** 0.015
on leave benefits (weeks) -0.004 0.010 -0.004 0.010 -0.004 0.010
availability of part-time work (%) 1.298 0.955 1.298 0.955 1.298 0.955
active (t-1) 0.059 0.044 0.059 0.044 0.059 0.044
student (t-1) -0.126 0.099 -0.126 0.099 -0.126 0.099
living in union (t-1) 0.768 ok 0.050 0.768  ** 0.050 0.768  ** 0.050
children aged 3 or under (t-1) -0.317 0.266 -0.871 ok 0.090 -0.977 0.178
children aged 4-12 (t-1) -0.368 0.246 -0.467  ** 0.057 -0.716  ** 0.140
age 0.262 ok 0.030 0.262  ** 0.030 0.262  ** 0.030
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age squared -0.005 ok 0.001 -0.005 ok 0.001 -0.005  ** 0.001
education = Medium 0.039 0.043 0.039 0.043 0.039 0.043
education = High 0.163 ok 0.045 0.163 ok 0.045 0.163  ** 0.045
regional dummies yes Yes yes
fertility 27.476 ok 2.875 27.476 ok 2.875 27476 ** 2.875
constant -6.513 ok 0.589 -6.513 rok 0.589 -6.513 o 0.589

Pseudo R* = 0.179
Number of observations = 60,019

Notes: Population at risk: females aged 18-45 who are not students.
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The fact that fertility (and mortality) rates are exogenously given (those embedded in the
projections) is potentially problematic given our focus on female labour supply: policies aimed at
providing services to women of childbearing age —childcare for instance— which are meant to
sustain labour force participation, might also foster an increase in maternity, which feeds back
negatively into labour supply. The alternative is having a fully-fledged microfounded demographic
module, which is outside of the scope of the present model. To get around this problem in a simple
way, we allow flags to be switched on when a new baby is born, without new individuals actually
entering the simulated population. The model can then be run either by aligning the number of
flags switched on to the number of new babies born each year according to the official
demographic projections, which ensures internal consistency of the model at the cost of treating
fertility rates as exogenous, or without alignment — that is, allowing women to have more children
than the numbers predicted by the official projections. This feature will be exploited in the policy

experiments of our companion paper (Richardson, Pacelli, & Richiardi, 2016).

A.5 Labour market
The labour market module is comprised of three processes: (i) retirement, (ii) participation, and

(iii) employment. Each process is estimated separately for men and women.

A.5.1 Retirement

A differential d; between the mean retirement age and an individual retirement age is drawn for
each simulated individual when he or she reaches the age of 45 —which we consider as the
minimum retirement age— from a normal distribution with mean 0 and a standard deviation equal
to that observed in the EU-SILC data.* Then, we specify in the scenario parameters the evolution
of the mean retirement age, by gender (as a default, we simply extrapolate linearly from the data).
Finally, at each simulation time we compute an individual retirement threshold equal to mean
retirement age plus the individual differential 4. Individuals retire if their age is above the threshold.

Table A.5.1 reports the estimated mean and standard deviation of retirement age.
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Table A.5.1.1: Distribution of retirement age.

Observed EL ES HU IE IT SE
retirement age  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
gender = Male

2007 633 6.0 636 54 618 25 o645 11 623 70 658 4.7
2008 622 56 634 43 597 57 638 49 63.6 67 650 28
2009 625 52 632 41 609 58 651 44 629 64 653 338
2010 611 6.0 635 37 594 53 642 6.2 653 2.6
2011 620 6.0 625 6.0 601 6.0 63.3 6.1 662 3.1
gender = Female

2007 60.6 55 635 50 593 33 662 08 635 65 644 34
2008 59.8 5.1 639 43 603 41 621 52 640 69 635 54
2009 59.0 80 63.6 35 600 38 619 74 635 69 0636 5.1
2010 60.7 6.6 644 3.6 599 47 642 6.5 656 2.3
2011 589 6.0 63.1 59 608 4.6 65.5 6.6 653 2.6

A.5.2 Labonr force participation

Labour force participation is estimated separately for men and women, conditional on not being
retired nor a student. Female participation rates are also estimated separately for women with
children aged 3 years or under, women with children aged 4-12 years inclusive, and women without
children or with children aged 13 years or over. The specification for females with very young
children (0-3 years old) closely resembles that for maternity, without the fertility rate and with the
addition of a 0-1 indicator for the crisis (year 2009 and beyond). In the simulations, the coefficient
of this variable is a scenario parameter to model the dynamics of the recovery. As a default, it is
decreased linearly up to 2020 (2030 for Greece), when we assume that the effects of the crisis will
be over. The specification for females with children aged 4-12 years old does not include the family
related policy variables (childcare expenditure and on-leave benefits), but still includes the
availability of part time work. The specification for women without children or with older children
also does not include the availability of part-time work. The model is estimated on pooled data for
all countries, with country interactions introduced when appropriate (this explains why some
coefficients are equal for all countries, while other differ). Tables A.5.2.1-A.5.2.3 report the
estimation results. Notice that the positive coefficient for leave benefits on labour market

participation is due to the fact that people on leave benefits are recorded as employed.
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Table A.5.2.1: Pooled probit estimates of the probability of being active, Labour market module.
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Labour market participation

Females with children aged 0-3 only EL ES HU

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
public childcare exp. / child (000 $PPP) 0.077  ** 0.020 0.077  ** 0.020 0.077 ok 0.020
on leave benefits (weeks) 0.045  ** 0.015 0.045  ** 0.015 0.045 ok 0.015
availability of part-time work (%0) 2.489 1.713 2.489 1.713 2.489 1.713
active (t-1) 2442 *x 0.290 1.448  ** 0.127 0.296 * 0.153
student (t-1) 0.311 0.219 0.311 0.219 0.311 0.219
living in union (t-1) -0.178 * 0.086 -0.178 * 0.086 -0.178 * 0.086
age 0.122  ** 0.047 0.122  ** 0.047 0.122 ok 0.047
age squared -0.002 * 0.001 -0.002 * 0.001 -0.002 * 0.001
education = Medium 0.233  ** 0.069 0.233  ** 0.069 0.233 ok 0.069
education = High 0.608  ** 0.081 0.608  ** 0.081 0.608 ok 0.081
regional dummies yes yes yes

crisis (year>2008) -0.113 0.070 -0.113 0.070 -0.113 0.070
constant 4313 ** 0.903 4313 0.903 -4.313 ok 0.903
Labour market participation

Females with children aged 0-3 only IE IT SE

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
public childcare exp. / child (000 $PPP) 0.077  ** 0.020 0.077  ** 0.020 0.077 ok 0.020
on leave benefits (weeks) 0.045  ** 0.015 0.045  ** 0.015 0.045 ok 0.015
availability of part-time work (%) 2.489 1.713 2.489 1.713 2.489 1.713
active (t-1) 2.598 o+ 0.527 1.578  ** 0.092 0.892 ok 0.290
student (t-1) 0.311 0.219 0.311 0.219 0.311 0.219
living in union (t-1) -0.178 * 0.086 -0.178 * 0.086 -0.178 * 0.086
age 0.122  ** 0.047 0.122  ** 0.047 0.122 o 0.047
age squared -0.002 * 0.001 -0.002 * 0.001 -0.002 * 0.001
education = Medium 0.233  ** 0.069 0.233  ** 0.069 0.233 ok 0.069
education = High 0.608  ** 0.081 0.608  ** 0.081 0.608 ok 0.081
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regional dummies yes yes yes

crisis (year>2008) -0.113 0.070 -0.113 0.070 -0.113 0.070
constant -4.313 K 0.903 -4.313  ** 0.903 -4.313 K 0.903

Pseudo R? = 0.400
Number of observations = 3,531

Notes: Population at risk: females aged 18-74 years who are not students nor retired with children aged 0-3 years.
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Table A.5.2.2: Pooled probit estimates of the probability of being active, Labour market module.
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Labour market participation

Females with children aged 4-12 only EL ES HU

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
availability of part-time work (%) 2.029 * 0.881 2.029 * 0.881 2.029 * 0.881
active (t-1) 3.159  ** 0.210 1.993 0.065 1.787  ** 0.080
student (t-1) 1.307  ** 0.273 1.307  ** 0.273 1.307  ** 0.273
living in union (t-1) 0195 ** 0.051 -0.195  ** 0.051 -0.195  ®* 0.051
age 0.046 0.026 0.046 0.026 0.046 0.026
age squared -0.001 * 0.000 -0.001 * 0.000 -0.001 * 0.000
education = Medium 0.234  ** 0.036 0.234  ** 0.036 0.234  ** 0.036
education = High 0.283 0.184 0.416  ** 0.066 0.703  ** 0.131
regional dummies yes yes yes

crisis (year>2008) -0.017 0.037 -0.017 0.037 -0.017 0.037
constant -1.530 ** 0.512 -1.530 ** 0.512 -1.530 0.512
Labour market participation

Females with children aged 4-12 only IE IT SE

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
availability of part-time work (%) 2.029 * 0.881 2.029 * 0.881 2.029 * 0.881
active (t-1) 2328  ** 0.174 2269 0.058 1.666  ** 0.238
student (t-1) 1.307  ** 0.273 1.307  ** 0.273 1.307  ** 0.273
living in union (t-1) -0.195  ** 0.051 -0.195 0.051 -0.195 ok 0.051
age 0.046 0.026 0.046 0.026 0.046 0.026
age squared -0.001 * 0.000 -0.001 * 0.000 -0.001 * 0.000
education = Medium 0.234  ** 0.036 0.234  ** 0.036 0.234  ** 0.036
education = High 0.196 0.181 0.587  ** 0.083 0.964  ** 0.284
regional dummies yes yes yes

crisis (year>2008) -0.017 0.037 -0.017 0.037 -0.017 0.037
constant -1.530  ** 0.512 -1.530 ** 0.512 -1.530  ** 0.512

Pseudo R? = 0.475
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Number of observations 12,733

Notes: Population at risk: females aged 18-74 who are not students nor retired with children aged 4-12.
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Table A.5.2.3: Estimates of the probability of being active, Labour market module.
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Labour market participation

Females without children aged 0-12 EL ES HU

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE  Coefficient Robust SE
active (t-1) 2.784  ** 0.041 2432 0.031 2.613  ** 0.041
student (t-1) 1.425 0.041 1.425 0.041 1.425  ** 0.041
living in union (t-1) -0.334  ** 0.044 -0.292 0.027 -0.011 0.036
age 0.060  ** 0.004 0.060  ** 0.004 0.060  ** 0.004
age squared -0.001  ** 0.000 -0.001  ** 0.000 -0.001  ** 0.000
education = Medium 0.038 0.040 0.208  ** 0.031 0.301  ** 0.040
education = High 0.446  ** 0.057 0.601  ** 0.036 0.757  ** 0.061
regional dummies yes yes yes

crisis (year>2008) 0.001 0.015 0.001 0.015 0.001 0.015
constant -1.669  ** 0.094 -1.669 0.094 -1.669  ** 0.094
Labour market participation

Females without children aged 0-12 IE IT SE

(pooled probit with country interactions) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
active (t-1) 2.806  ** 0.067 2.348 0.026 2.639 X 0.075
student (t-1) 1.425  ** 0.041 1.425  ** 0.041 1.425  ** 0.041
living in union (t-1) -0.122 0.064 -0.263 0.023 -0.041 0.074
age 0.060  ** 0.004 0.060  ** 0.004 0.060  ** 0.004
age squared -0.001  ** 0.000 -0.001  ** 0.000 -0.001 ¥ 0.000
education = Medium 0.350  ** 0.069 0.244  ** 0.023 0.244  ** 0.083
education = High 0.705  ** 0.086 0.585  ** 0.040 0.492  ** 0.100
regional dummies yes yes yes

crisis (year>2008) 0.001 0.015 0.001 0.015 0.001 0.015
constant -1.669  ** 0.094 -1.669 0.094 -1.669  ** 0.094

Pseudo R* = 0.652
Number of observations 88,988

Notes: Population at risk: females aged 18-74 years who ate not students nor retired, without children aged 0-12 years.
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The model for males is simpler, as it does not include either family related policy variables, or the

availability of part time work, or cohabitation status. Table A.5.2.4 reports the estimation results.
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Table A.5.2.4: Estimates of the probability of being active, Labour market module.
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Labour market participation

Males EL ES HU

(probit) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
active (t-1) 3.104 ok 0.094 2730 FEx 0.049 2.002 ek 0.046
student (t-1) 1.533 ook 0.152 1.407 ok 0.091 0.988  *** 0.099
age -0.014 ok 0.016 0.026  *x* 0.010 -0.011 0.012
age squared 0.000 0.000 0.000 ok 0.000 0.000 0.000
education = Medium 0.120 * 0.068 0.226  Fx* 0.047 0.392 ok 0.041
education = High 0.408 ook 0.104 0.393  kxk 0.048 0.845 % 0.076
regional dummies yes yes yes

crisis (year>2008) 0.090 0.077 -0.010 0.040 0.066 * 0.039
constant -0.431 0.355 -0.897 0.209 -0.117 0.255
Pseudo R’ 0.585 0.523 0.592

Number of observations 11,884 26,461 16,700

Labour market participation

Males IE IT SE

(probit) Coefficient Robust SE Coetficient Robust SE Coefficient Robust SE
active (t-1) 2.785 kX 0.081 1.937  weE 0.034 2773 Ak 0.102
student (t-1) 1.484 ook 0.177 1.105  #+* 0.074 1.913  Hxx 0.180
age -0.029 * 0.017 0.051 ofok 0.006 0.000 0.021
age squared 0.000 0.000 -0.001 X 0.000 0.000 0.000
education = Medium 0.414 kX 0.086 0.185  *** 0.027 0.241 0.087
education = High 0.647 ook 0.110 0.254  Hxk 0.043 0.455  *F* 0.117
regional dummies yes yes yes

crisis (year>2008) 0.001 0.074 -0.046 * 0.027 -0.082 0.077
constant -0.335 0.397 -0.834 ek 0.137 -0.276 0.474
Pseudo R 0.576 0.366 0.528

Number of observations 1,344 35,378 10,939

Notes: Population at risk: males aged 18-74 years who are not students nor retired.
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A.5.3 Employment

Employment is modelled conditional on being active, and is based on a common specification for
both females and males. It features the usual set of explanatory variables, with the exclusion of
family composition. Because the microsimulation is a model of labour supply rather than labour
demand, the aggregate unemployment rate (which is the result of the interaction between labour
supply and labour demand) is aligned to a scenario parameter, which is allowed to vary over time:
as a default value, it is considered that the overall unemployment rate will linearly decrease to its
pre-crisis level (computed as the average unemployment rate in the 2005-2007 period). The overall
unemployment rate also enters the equation as a control variable, making the employment process
a model of differential employment (analogous to the maternity process). Table A.5.3 reports the

estimation results.
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Table A.5.3.1: Estimates of the probability of being employed, Labour market module.
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Employment EL ES HU

(probit) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
employed (t-1) 1.848 ook 0.034 1.631 ok 0.020 1.397 ok 0.028
student (t-1) 0.681 ook 0.078 0.775 ook 0.046 0.314 ok 0.061
gender = Female -0.079 ook 0.028 -0.015 0.016 0.122 ok 0.024
age 0.041 ook 0.008 0.251 ook 0.005 0.016 * 0.008
age squared 0.000 ook 0.000 0.440 ok 0.000 0.000 0.000
education = Medium 0.022 0.034 0.251 ook 0.021 0.527 ok 0.028
education = High 0.288 ook 0.039 0.440 ook 0.020 0.989 ok 0.043
regional dummies yes yes yes

unemployment rate -0.068 ook 0.004 -0.035 ook 0.002 -0.063 ok 0.009
_cons -0.558 ook 0.176 -1.059 ook 0.103 0.031 0.177
Pseudo R* 0.331 0.283 0.265

Number of observations 20,224 45,505 27,057

Employment IE IT SE

(probit) Coefficient Robust SE Coefficient Robust SE Coefficient Robust SE
employed (t-1) 1.811 ook 0.059 1.828 ook 0.021 1.660 ok 0.047
student (t-1) 1.202 kX 0.130 0.308 ook 0.040 0.491 ok 0.065
gender = Female 0.499 ook 0.055 -0.095 ook 0.018 0.061 * 0.035
age 0.027 * 0.011 0.033 ook 0.005 0.048 ok 0.009
age squared 0.000 0.000 0.000 ok 0.000 0.000 ok 0.000
education = Medium 0.403 kX 0.061 0.209 ook 0.019 0.315 ok 0.047
education = High 0.595 ook 0.064 0.393 ook 0.028 0.608 ok 0.057
regional dummies yes yes yes

unemployment rate -0.077 ook 0.008 -0.183 o 0.011 -0.094 ok 0.018
_cons -0.959 ook 0.254 0.335 ok 0.130 -0.514 ok 0.223
Pseudo R* 0.327 0.391 0.284

Number of observations 7,697 68,840 20,923

Notes: Population at risk: active people aged 18-74 years. Variables in blue are alignment variables.
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A.6 Individuals aged 17 years old

As anticipated, individuals enter the simulation at age 17 without a previous history, and as such
they cannot enter the modules described above. Therefore, the status of individuals aged 17 is
assigned with a simple probabilistic model, which specifies the probability of being a student, the
probability of being active given that an individual is not a students, and the probability of being
employed given an individual is active. Individuals who are not student are assigned an education
level based on specific probabilities. Table A.6.1 reports the estimated probabilities. The evolution
of these probabilities is exogenously controlled by the user and allows the creation of different

scenatrios.

Table A.6.1: Distribution of states for individuals aged 17.

EL ES HU IE IT SE

Status

Pr(student) 95.97 85.78 97.38 85.66 90.74 97.6
Pr(active | not student) 67.57 59.62 20.00 72.86 73.18 86.67
Pr(employed | active) 36.00 59.35 12.50 86.27 44.72 53.85
Education level

Pr(education == Low) 99.54 98.36 63.58 100.00 96.65 96.65
Pr(education == Medium) 0.46 1.64 36.42 0.00 3.35 3.35
Pr(education == High ) 0.00 0.00 0.00 0.00 0.00 0.00
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B COUNTRY PROJECTIONS TABLES

B.1 Sweden

Table B.1.1: Evolution of the female population, 20-64 years age range, Sweden.

Females aged 20-64 years (%)

High education Low education Inunion Student Active Retired

2013 39.3 7.3 69.9 7.4 86.4 1.5

2020 38.8 7.3 69.6 7.6 88.3 1.5

2030 39.6 7.6 70.4 6.9 89.6 1.0

2040 411 7.8 71.7 7.5 89.4 0.5

2050 43.6 6.5 70.4 74 897 03

Table B.1.2: Evolution of the female population, 20-44 years age range, Sweden.
Females aged 20-44 years (%)
In union Children aged 0-3 Children aged 0-12  Student Active Retired

2013 68.7 22.2 50.4 13.3 84.2 0.0
2020 67.8 22.2 50.4 13.7 84.6 0.0
2030 68.6 21.8 49.1 12.1 86.1 0.0
2040 69.0 21.7 47.5 13.3 85.1 0.0
2050 68.3 22.0 48.8 12.9 85.6 0.0

Table B.1.3: Female participation rates, 20-44 years age range, Sweden.
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Females aged 20-44 years (students excluded): Participation rates (%)

Highest Lowest

Without children aged 0-12 years

With children aged 0-12 years

part. part. High Low High Low
region  region All education education All education education
(SE1) (SE2)
2013 97.7 96.5 97.1 98.3 95.0 97.0 99.0 93.5
2020 98.6 97.5 97.3 98.6 93.9 98.4 99.8 95.0
2030 98.6 97.5 97.8 97.8 96.6 97.9 99.5 94 .4
2040 98.5 97.7 97.9 98.1 96.7 98.2 99.6 94.6
2050 98.7 98.1 98.0 98.3 96.3 98.4 99.5 95.0

Table B.1.4: Female participation rates, 55-64 years age range, Sweden.

Females aged 55-64 years: Participation rates (%)

Highest part. region Lowest part. region High education ILow education

(SE2) (SE1)
2013 84.4 82.2 90.2 73.9
2020 88.2 88.0 90.9 78.3
2030 90.0 91.7 93.5 78.2
2040 91.5 94.1 94,5 85.4
2050 91.9 94,3 95.2 86.3

RICHARDSON, PACELLI, POGGI, RICHIARDI  Female Labour Force Projections Using Microsimulation for Six EU Countries APPENDILX



INTERNATIONAL JOURNAL OF MICROSIMULATION (2018) 11(2) 52-83

B.2

Table B.2.1: Evolution of the female population, 20-64 years age range, Italy.

Italy

Females aged 20-64 years (%)

High education ILow education Inunion Student Active Retired

78

2013 16.8 36.0 61.8 6.6 59.0 4.7

2020 19.7 29.6 55.6 6.8 63.3 3.9

2030 23.0 25.6 48.8 7.2 64.7 3.8

2040 25.2 24.4 42.9 7.5 67.0 2.5

2050 25.5 24.7 40.4 7.3 68.8 1.6

Table B.2.2: Evolution of the female population, 20-44 years age range, Italy.
Females aged 20-44 years (%)
Children Children
In union aged 0-3 aged 0-12 Student Active Retired

2013 52.2 15.8 42.7 12.5 64.7 0.0
2020 38.5 17.1 40.8 13.7 70.8 0.0
2030 27.7 17.6 40.9 14.5 71.2 0.0
2040 27.3 18.5 43.0 14.1 71.1 0.0
2050 27.8 18.8 44.7 13.6 721 0.0

Table B.2.3: Female participation rates, 20-44 years age range, Italy.

Females aged 20-44 years (students excluded): Participation rates (%)

Highest Lowest

Without children aged 0-12 years

With children aged 0-12 years

part. part. High Low High Low
region  region All education education All education education
(ITH)  (TG)
2013 85.5 54.0 81.5 93.4 66.1 66.1 88.8 47.7
2020 91.3 65.5 83.8 94.8 67.6 80.0 93.2 64.0
2030 91.3 66.8 84.5 93.3 73.0 81.9 93.2 68.9
2040 90.1 67.1 83.8 94.5 73.2 81.8 94.3 71.3
2050 91.2 68.2 84.7 94.2 74.5 82.1 93.4 70.3

Table B.2.4: Female participation rates, 55-64 years age range, Italy.

Females aged 55-64 years: Participation rates (%)

Highest part. region Lowest part. region High education ILow education

(I'T]) ITG)
2013 411 245 68.8 233
2020 435 25.4 65.2 27.6
2030 47.6 28.5 69.0 29.1
2040 55.8 30.3 71.4 28.1
2050 59.8 35.3 72.8 31.4
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B.3 Spain

Table B.3.1: Evolution of the female population, 20-64 years age range, Spain.

Females aged 20-64 years (%)

High education ILow education Inunion Student Active Retired

20
20
20
20
20

13
20
30
40
50

32.3
35.0
35.8
33.5
34.3

38.1
33.6
29.6
28.9
29.2

63.9
59.2
52.1
46.4
43.2

6.1
53
6.6
7.2
6.9

70.9 2.3
72.3 3.5
71.8 2.6
73.3 1.6
75.5 0.5

Table B.3.2: Evolution of the female population, 20-44 years age range, Spain.

Females aged 20-44 years (%)

In union Children aged 0-3 Children aged 0-12  Student Active Retired
2013 555 15.4 41.4 10.7 76.8 0.0
2020 446 16.7 41.4 10.6 77.5 0.0
2030 295 15.6 36.6 14.6 73.8 0.0
2040 287 17.5 38.6 14.1 74.5 0.0
2050  30.8 18.3 42.2 12.1 76.5 0.0

Table B.3.3: Female participation rates, 20-44 years age range, Spain.
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Females aged 20-44 years (students excluded): Participation rates (%)

Highest Lowest

Without children aged 0-12 years

With children aged 0-12 years

part. part. High Low High Low
region  region All education education All education education
(ES3) (ES4)
2013 88.7 82.4 90.2 96.0 81.9 81.2 89.2 71.1
2020 89.6 81.9 90.4 97.5 82.8 82.2 90.9 69.5
2030 87.4 82.9 89.7 97.1 83.1 82.1 92.0 71.2
2040 87.4 84.1 90.3 97.2 83.4 82.3 92.0 73.4
2050 87.3 85.4 90.8 97.3 82.9 83.0 91.3 72.7

Table B.3.4: Female participation rates, 55-64 years age range, Spain.

Females aged 55-64 years: Participation rates (%)

Highest part. region Lowest part. region High education Low education

(ES7) (EST)
2013 50.8 41.8 71.9 37.7
2020 52.5 44.3 72.8 38.5
2030 55.6 58.8 77.6 39.5
2040 66.3 57.1 78.2 43.7
2050 51.5 57.6 82.2 41.9
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B.4 Greece

Table B.4.1: Evolution of the female population, 20-64 years age range, Greece.

Females aged 20-64 years (%)

High education ILow education Inunion Student Active Retired

2013
2020
2030
2040
2050

28.0
32.0
35.1
36.9
37.4

247
19.1
13.5
11.8
12.0

67.7
61.6
53.9
47.3
43.9

6.3
5.4
59
6.3
6.4

62.4 9.1
64.1 9.8
67.1 7.1
70.0 4.0
73.0 1.6

Table B.4.2: Evolution of the female population, 20-44 years age range, Greece.

Females aged 20-44 years (%)

In union Children aged 0-3 Children aged 0-12  Student Active Retired
2013 56.0 14.6 41.1 11.3 71.7 0.2
2020 422 14.8 35.6 10.6 73.7 0.0
2030 294 14.9 32.4 12.4 74.3 0.0
2040 27.6 16.4 34.6 12.5 74.1 0.0
2050  29.0 16.3 36.2 11.8 74.6 0.0

Table B.4.3: Female participation rates, 20-44 years age range, Greece.
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Females aged 20-44 years (students excluded): Participation rates (%)

Highest Lowest

Without children aged 0-12 years

With children aged 0-12 years

part. part. High Low High Low
region  region All education education All education education
(EL4) (EL1)
2013 70.9 68.9 89.9 96.5 76.6 70.3 83.9 53.8
2020 76.6 71.4 88.1 94.5 78.7 73.7 84.7 51.5
2030 78.2 71.6 88.8 94.8 82.3 78.4 86.8 59.1
2040 80.8 70.4 89.0 95.2 84.4 78.1 86.2 60.3
2050 81.5 70.1 89.0 94.9 84.7 78.3 87.2 63.8

Table B.4.4: Female participation rates, 55-64 years age range, Greece.

Females aged 55-64 years: Participation rates (%)

Highest part. region Lowest part. region High education Low education

(EL4) (EL2)

2013 322 26.6 411 29.7
2020 36.0 34.8 53.7 26.5
2030 46.5 42.2 57.1 36.3
2040 51.4 50.0 70.6 37.9
2050 64.4 58.8 73.2 44.6
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B.5 Hungary

Table B.5.1: Evolution of the female population, 20-64 years age range, Hungary.

Females aged 20-64 years (%)

High education ILow education Inunion Student Active Retired
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2013 24.3 17.9 61.4 6.7 65.1 8.9

2020 26.8 16.1 51.6 7.4 66.8 5.9

2030 29.8 13.6 42.2 0.8 70.2 2.7

2040 31.9 11.4 35.9 6.8 71.3 1.6

2050 31.7 11.0 32.4 7.3 71.3 0.4

Table B.5.2: Evolution of the female population, 20-44 years age range, Hungary.
Females aged 20-44 years (%)
Children Children
In union aged 0-3 aged 0-12 Student Active Retired

2013 56.3 13.6 44.2 12.2 66.2 0.0
2020 39.7 16.6 41.3 13.5 64.1 0.0
2030 24.5 18.4 43.2 13.5 63.3 0.0
2040 22.6 19.2 45.4 13.7 62.7 0.0
2050 23.1 19.5 46.5 14.0 62.1 0.0

Table B.5.3: Female participation rates, 20-44 years age range, Hungary.

Females aged 20-44 years (students excluded): Participation rates (%)

Without children aged 0-12 years

With children aged 0-12 years

Highest Lowest

part. part. High Low High Low
region  region All education education  All  education education

(HU2) (HU3)
2013 78.9 73.6 92.4 97.8 74.6 58.7 64.1 44.5
2020 78.4 71.2 90.4 97.6 77.1 56.3 63.0 50.2
2030 76.4 71.3 90.5 97.1 78.9 55.7 64.0 47.7
2040 76.1 70.7 90.1 97.0 79.8 56.8 64.7 52.3
2050 76.8 70.1 90.5 96.8 75.6 56.6 63.7 46.7

Table B.5.4: Female participation rates, 55-64 years age range, Hungary.

Females aged 55-64 years: Participation rates (%0)

Highest part. Lowest part.

region region High education Low education

(HU1) (HU2)
2013 48.8 44.2 59.2 31.0
2020 60.6 54.7 71.3 35.2
2030 74.8 66.4 83.6 441
2040 78.3 70.9 86.8 48.8
2050 83.9 75.9 90.6 51.4
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B.6 Ireland

Table B.6.1: Evolution of the female population, 20-64 years age range, Ireland.

Females aged 20-64 years (%)

High education ILow education Inunion Student Active Retired

2013 35.9 238 59.2 5.4 62.8 2.3
2020 37.5 21.0 60.5 52 69.5 3.6
2030 37.3 20.8 66.0 6.8 69.6 25
2040 35.3 21.8 64.1 7.8 69.6 1.4
2050 37.0 21.7 63.4 6.8 72.0 0.5

Table B.6.2: Evolution of the female population, 20-44 years age range, Ireland.

Females aged 20-44 years (%)

Children Children

In union aged 0-3 aged 0-12 Student Active Retired
2013 52.4 20.9 52.0 8.8 68.1 0.0
2020 53.8 22.8 45.2 9.3 74.4 0.0
2030 55.8 19.9 36.4 13.5 69.3 0.0
2040 53.2 21.7 37.8 13.5 68.9 0.0
2050 53.2 22.9 41.8 10.7 73.6 0.0

Table B.6.3: Female participation rates, 20-44 years age range, Ireland.

Females aged 20-44 years (students excluded): Participation rates (%)

Without children aged 0-12 years With children aged 0-12 years

High Low High Low

All All education  education All education  education
2013 74.7 89.3 95.3 73.3 63.7 78.6 42.1
2020 82.0 85.4 94.4 66.9 78.6 85.5 60.1
2030 80.1 82.4 93.6 68.8 77.0 85.4 60.9
2040 79.6 82.1 93.7 70.1 76.4 87.0 61.6
2050 82.4 86.2 93.7 71.4 78.2 86.4 62.2

Table B.6.4: Female participation rates, 55-64 years age range, Ireland.

Females aged 55-64 years: Participation rates (%)

All' High education Low education

2013 41.1 72.7 23.1
2020 499 69.8 29.6
2030  60.9 78.3 354
2040 67.0 78.9 37.8
2050 64.8 79.6 37.8

Notes: *Ireland has a single NUTS 1 region.
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NOTES

! estimates were performed by Ambra Poggi (University of Milan Bicocca).

2 The actual occutrence of the event/transition is then determined by Monte Catlo sampling by drawing a random
number uniformly distributed between 0 and 1, and comparing it with the estimated probability: if the number is below
the estimated probability (a case that occuts with the estimated probability) the event/transition takes place.

3 (appropriately scaled down by a sampling factor equal to the size of the simulated population in the base year divided
by the size of the real population in the base year)

4 Because the standard deviation is faitly constant in the observed years, we use its mean value. For those individuals
in the initial population over 45, we sample from the corresponding truncated normal distribution.
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