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Abstract

Recent changes in labour markets have increased employment instability. Under these con-

ditions, in male breadwinner families women might increase their labour supply when their

male partners become unemployed. Previous studies have extensively investigated the role

played by household and individual characteristics in explaining such increases in the labour

supply of women. However, studies which examine the moderating role of specific welfare

policies are missing. Our study contributes to the literature by investigating the moderating

effect of childcare and tax-benefit policies for the labour supply response of women following

the unemployment of their partner. We focus on a sample of 24 EU member states and the

UK, during the period 2009-2019, combining longitudinal microdata from EU-SILC with

country-period specific policy indicators generated with the use of the tax-benefit simulation

model EUROMOD, UKMOD and country-period specific indicators of childcare use. We find

that women indeed respond to men’s unemployment by increasing their labour supply

though the response is fairly weak. We also find the response is not restricted by having chil-

dren at home or availability of public childcare and does not depend on the generosity of

unemployment benefits. It is, however, negatively affected by marginal tax rates.

Introduction

Despite a massive increase in women’s education and employment, across all EU Member

States women are still less often present in employment compared to men [1]. They also work

part-time more often and earn lower wages [2]. These differences usually become more pro-

nounced around the time of the first birth [3, 4], when women reduce their economic activity

in order to take care of their children. Even though men have increased their contribution to

housework and have taken an increasing proportion (albeit still small) of parental leave [5],

women continue to be primary caregivers of young children [6]. They usually take longer

career breaks from employment after birth or reduce their economic activity. Furthermore,

the proportion of women who do not work or look for a job remains higher than that of men
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[7]. As a result traditional and modified male breadwinner families, in which women are inac-

tive or working a reduced number of hours, are still prevalent in Europe [8].

At the same time, employment is less stable than it once was. Growing competition in the

labour markets, caused by ongoing globalization, digitalisation, and deregulation reforms

undertaken in order to increase the flexibility of employment relations, have resulted in greater

employment instability [9]. Industrial relationships typical for the Fordist production model,

based on mutual long-term commitment and employers’ responsibility for employment stabil-

ity, have been replaced by more flexible worker-firm relations which imply more occupational

changes, more unstable and temporary job contracts and higher rates of job loss [10, 11]. In

these new circumstances, career breaks, due to either involuntary job loss, the end of a tempo-

rary contract or job mobility, are much more likely. These changes can be especially detrimen-

tal to traditional and modified male breadwinner families, given that they predominantly rely

on one income.

Consequently, men’s unemployment has important consequences for these types of families

and may trigger a response from women. First and foremost, it means an essential loss of

income for the family, thus encouraging the female partner to increase her working hours or

start searching for a job if she is inactive. If the man takes over some or all of the housework

and childcare, men’s unemployment may also free women to invest more time and effort in

their occupational career [12]. In any case, a man becoming unemployed should theoretically

imply an increase in the labour supply of his female partner, an effect called ‘added-worker

effect’ [13]. This reaction may, however, be further moderated by the country’s context and its

welfare policies. In particular, it may be weaker in countries with more generous safety nets,

such as unemployment benefits and social allowances (e.g. Nordic countries) than in countries

where families must rely largely on their own resources (e.g. many Southern or Central and

Eastern European countries). Likewise, women, especially mothers of young children, may be

more likely to increase their labour supply in countries with high public childcare availability.

Public childcare, together with the male partner, can allow women to be less involved in the

provision of care and to pursue economic activity on a larger scale.

Women’s labour supply response to a partner’s becoming unemployed has been the subject

of many empirical investigations. Some studies have indeed found support for the added-

worker effect, though findings vary strongly by country [14–16]. The cross-country variation

was often attributed to differences in welfare state regimes [16, 17]. However, studies examin-

ing the role of specific welfare policies have yet to be conducted.

This study primarily aims to fill this research gap, by answering the research question:

“How do welfare policies moderate women’s labour supply increase following their partner’s

unemployment?”. We thus investigate how specific welfare state policies moderate the labour

supply response of women in Europe, when their partner becomes unemployed. In particular,

we examine the role of the generosity and design of social benefits and tax systems in incentiv-

izing or disincentivizing women’s response. We also investigate the enabling role of childcare

provision in this process. One contribution of our study is that we do not restrict the analyses

only to male breadwinner couples (male employed, female inactive), as the majority of studies

have done [18–21], but also consider couples where the woman works part-time and might

increase her working hours. This is highly relevant for the European countries, many of which

are characterized by relatively high levels of women’s labour force participation, albeit on a

part-time basis [22]. Our focus is on 24 EU Member States over the period 2009–2019. Our

study is based on data from multiple sources: EU-SILC longitudinal and cross-sectional data-

sets, EUROMOD, UKMOD, European Values Survey and Eurostat database. We use the

EU-SILC longitudinal data to model women’s reactions to their partner’s unemployment at

the individual level; the EU-SILC cross-sectional data to compute the childcare coverage by
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age categories; EUROMOD to assess how the generosity and design of the system of social

transfers and taxes affects a woman’s reaction to her partner’s unemployment; Eurostat and

the European Values Survey to retrieve country level control variables. The policy indicators

are linked to the EU-SILC data in a multi-level framework so that the moderating effects of

specific welfare policies on women’s labour supply response to their partners’ unemployment

can be estimated. In this study we focus on different sex couples. Unfortunately, the data we

use does not allow us to investigate how partners in same-sex couples react to the unemploy-

ment of their partner.

Theoretical background and hypotheses

Multiple theoretical frameworks have been proposed to predict women’s reaction to the unem-

ployment of their male partner. The economic concept of the ‘added-worker effect’ presup-

poses that when the male partner becomes unemployed, the female partner will either enter

the labour market if she has been inactive, or will increase her working hours [13]. The reasons

for this increase are twofold. First, a woman may increase her economic activity in order to

compensate for the drop in household income and to avoid economic hardship. Second, she

may also do so if the relative value of her non-market time is reduced, assuming that her

unemployed partner takes up the unpaid work previously done by her [13]. A similar explana-

tion, the ‘time-availability hypothesis’, was put forward in the sociological literature [12]. It

presupposes that a partner who is less involved in paid work is more available to do housework

and childcare, allowing the other partner to spend more time on economic activity. This

hypothesis acknowledges the time constraints women face because of their domestic and child-

care responsibilities [23], which act as a barrier to their labour-force participation [24]. In any

case, be it economic or time-related, these considerations lead to our first hypothesis:

H1. Women will increase their labour market supply in response to their male partner’s
unemployment

This hypothesis is founded on the assumption that the male partner will take over the

household and childcare responsibilities after becoming unemployed. There is evidence, how-

ever, that unemployed men do not always substitute their female partners in fulfilling their

domestic and care responsibilities [25, 26] and that they have a tendency to take over only spe-

cific and usually non-routine types of childcare/housework tasks [12]. Furthermore, women

may even increase the time they spend on housework and/or childcare after their male partner

becomes unemployed. Such a reaction, known as ‘doing gender’ [27] or ‘gender deviance neu-

tralization’ [28], aims at reinstalling the traditional division of labour where there is a risk it

can be violated [29]. These two mechanisms, man’s failure to substitute a woman in her

domestic responsibilities and doing gender, may hinder women from increasing their labour

supply after their male partner becomes unemployed. This may be particularly the case when

there are young children at home, as fathers tend to be more involved in taking care of older

children than infants [30]. This leads us to the formulation of the second hypothesis:

H2. Women’s labour supply response will be weaker among mothers, especially those who have
small children

For mothers, whose male partners may be less likely to take over childcare responsibilities,

widely available and affordable childcare services may serve as an alternative opportunity to

outsource childcare and increase labour supply. This reasoning is consistent with studies that

find positive effects of childcare supply on mother’s labour force participation [31, 32]. Thus,

we expect that:
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H3. The labour supply response of mothers will be stronger in countries with higher availability
of formal childcare

Beyond childcare policies, tax-benefit systems may also affect women’s labour market

response to the unemployment of their male partners. Generous social transfers (e.g. unem-

ployment benefit, social assistance, family benefits) buffer the income loss and reduce the

financial incentive for women to work [33, 34]. Consequently, the more generous the financial

transfers, the less likely women are to increase their labour supply in response to the unem-

ployment of their partner. This will be the case, however, provided that the main reason

women increase their labour supply following the unemployment of their partners is to com-

pensate for lost income. The effect of the generosity of social transfers has not yet been consid-

ered in studies investigating how women respond to their partner’s unemployment. Based on

these considerations, we formulated the fourth hypothesis:

H4. The labour supply response of women will be weaker in countries where the tax-benefit sys-
tem is more generous in replacing the income loss caused by the unemployment of the male
partner

Finally, a woman’s reaction may not only depend on the generosity of the social transfers

but also on the eligibility rules and in particular on the amount of income which is “taxed

away” [35] relative to the earnings she gains after she enters the labour market or expands her

working hours. These income losses encompass social benefits which are withdrawn after a

woman gets a job (e.g. her unemployment benefits) or after the household income surpasses a

certain threshold (e.g. means-tested social benefits) [36, 37]. They also cover the taxes or social

security contributions which reduce the net additional income she gains from work after

increasing her labour supply [38]. The proportion of financial resources taken away from the

household relative to the net additional income a woman can earn after she increases her

labour supply is commonly referred to as the effective marginal tax rates (MTRs) [39]. By

reducing potential household income gains, high MTRs can disincentivize women from

increasing their labour market participation. In Europe, MTRs vary by country and within

countries in different time periods [40]. They range from around 20% in Greece and Portugal

and exceed 50% in Denmark and Germany [40, 41]. Additionally, in countries such as France,

Germany, Portugal and Spain, the tax system disproportionately affects women, who face

higher MTRs than men in the same earning group [41]. In the light of the above, the final

hypothesis this study will test is:

H5. The labour supply response of women will be weaker in countries with higher marginal tax
rates

Literature review and research objectives

Previous studies on the response in the labour market supply of women following their part-

ner’s becoming unemployed reached conflicting results. Some have concluded that there is no

evidence of an increase in women’s labour market supply [42], while others have found evi-

dence of such an increase [17–21, 42–46], and others provide mixed results [14, 15].

Many studies have concentrated on the role of individual and household characteristics—

couples’ age, education, occupation or the presence of children—as explanatory factors. In

general, they find that older, better-educated women who have more work experience are

more likely to increase their labour supply after their partner becomes unemployed [18, 19, 44,

47, 48]. This is likely because women with better human capital are more attractive in the
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labour market and thus it may be easier for them to find (additional) employment [49]. Con-

versely, women with highly educated male partners (i.e. partners with hight income potential)

are less likely to increase their labour force participation [18, 19], although this varies based on

the country studied [15]. Gender norms can explain these varying results, leading to a more

traditional division of labour in couples where men have higher income potentials. Lastly,

although it might be expected that women with non-western migration background are less

likely to increase their labour supply, no consistent evidence for such a pattern was found in

previous studies [17, 50].

It is less clear how household characteristics, particularly the presence of children, affect

women’s labour market response after the partner becomes unemployed. In general, an

increase in women’s labour market participation after their partner becomes unemployed is

negatively associated with the number of children [15, 42, 50] and it is particularly low in

households with very young children [19, 47, 51]. This is likely because women with young

children face time constraints that prevent them from increasing their labour market supply.

However, not all studies find evidence for such a negative association [14, 45] and some studies

even find a slightly higher increase in the labour supply of wives in households with young

children [52].

It seems plausible that these differences stem from the variations in the national childcare

policies. For instance, Ghignoni and Verashchagina [51] found that, in Italy, women’s

response to their partner’s unemployment is stronger in regions with higher childcare cover-

age and in households where grandmothers are present. Conversely, in Austria, a country

characterized by a scarce supply of formal childcare, mothers with very young children (under

the age of 2) do not increase their labor market supply following the displacement of their hus-

bands [53]. Nevertheless, until now no study has formally investigated the role played by the

cross-country variation in childcare policies.

A more limited number of studies have moved beyond investigating the effect of individual

and household level characteristics, by focusing on the regional or country-level characteristics

which affect women’s response. They have largely concentrated on the role of economic condi-

tions, particularly on how women’s response differs before, during and after economic crises.

During economic crises, households have more difficulty accessing credit [54]. At such times,

women may be more likely to increase their labour supply because borrowing money may not

be possible to make up for the lost income. On the other hand, during periods of economic

downturn, the unfavourable labour market conditions might discourage women from increas-

ing their labour supply [55]. Empirical studies have found support for both expectations. Mat-

tingly and Smith [44] concluded that women in the US were more likely to enter the labour

market during the 2008 economic crisis, while the likelihood that they increased their working

hours after their partner’s unemployment remained relatively constant both before and after

the crisis. Conversely, Addabbo et al. [48] concluded that regional unemployment rates were

negatively correlated with an increase in the labour market supply of women when their part-

ner became unemployed during the economic crisis. Other comparative studies have exam-

ined whether women’s response to the unemployment of the male partner varies by country

[15], welfare state [16] and unemployment benefit regime [14]. Prieto-Rodriguez and Rodri-

guez-Gutiérrez [15] investigated women’s reactions after their male partner became unem-

ployed in 11 European countries. They found that the reaction depended on the country

studied. Women in Italy, Germany, Spain, Portugal and the Netherlands slightly increased

their labour market supply, while those in Belgium, Denmark, France, the UK, Greece and Ire-

land did not. Bredtmann et al. [16] extended this study by comparing women’s responses

based on categories of the countries’ welfare systems. The women’s reactions were markedly

different based on the broad categories of countries. In Mediterranean countries, women
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responded to their partner’s becoming unemployed by entering the labour market and

increasing their working hours, while in Continental Europe the response was limited to an

increase in working hours. In Nordic and Central and Eastern Europe the women’s response

was limited to entering into unemployment from inactivity. Interestingly, in Anglo-Saxon

countries women were less likely to become employed when their partner became unem-

ployed, a fact the authors attributed to the disincentivizing effect of the means-tested benefits

in these countries.

McGinnity [14] studied the role of the unemployment benefit regimes, comparing the

response of women whose partners had become unemployed in Britain and West Germany,

which have considerably different unemployment benefit provisions. Most importantly, Brit-

ain means-tests unemployment benefits on family income; Germany does not. McGinnity

found that women in Germany were more likely and in Britain less likely to enter employment

when their partner lost their job. The authors attributed these differences in behaviours to the

differences in unemployment benefit policies. All in all, the notion that welfare policies moder-

ate women’s response to their partner’s becoming unemployed has been discussed widely in

the literature, but no direct test of this hypothesis has been carried out.

Against this background, this paper seeks to expand the understanding of the direct role of

specific policies on the labour market response of the female partner after the male becomes

unemployed in the 24 EU member states and the UK over an eleven-year period (2009–2019).

More specifically, we focus on the role of tax-benefit systems in incentivizing or disincentiviz-

ing the women’s response and the role that childcare availability plays in enabling women to

increase their labour supply in reaction to men’s unemployment. As regards the former, we

examine the generosity of social transfers and tax policies in replacing the lost income. We also

look at the effective marginal tax rates, which may imply a loss of social transfers or an increase

in taxes after a woman increases her labour supply. We study the extensive margin of women’s

response (entry to employment) as well as the intensive margin (transition from part-time to

full-time employment) with the latter particularly relevant for current European societies,

where women commonly work part-time (though they do so less than men).

Materials and methods

Data and sample

The study primarily draws on data from the European Union Statistics on Income and Living

Conditions survey (EU-SILC). EU-SILC is a four-year rotational panel, where each country’s

sample is composed of four sub-samples followed for up to four years (exceptions are France

and Norway, which use an eight-year rotational panel). Annually, one sub-sample is dropped

and replaced with a new one, thus reducing the problems posed by dropouts [56]. EU-SILC

data collection started in 2004 in the EU-15 (except Germany, the Netherlands and the United

Kingdom) and in Estonia, Norway and Iceland. The remaining EU-15 countries and NMS-10

(Czechia, Cyprus, Hungary, Lithuania, Latvia, Malta, Poland, Slovenia and Slovakia) joined it

in 2005, Bulgaria and Romania and Switzerland in 2007 and Croatia in 2010. The data has

been collected annually since then and access to the data is provided by Eurostat upon an

acceptance of an official application for the data use [57].

The main advantage the EU-SILC dataset offers is that it provides data which retrospec-

tively measure the monthly activity status of the household members in the year preceding the

survey. This enables us to investigate the response in the labour supply of women after their

partners became unemployed at a more granular level than would studies which rely on annual

data. We restrict the sample to couples surveyed for at least three years, allowing us to analyze

employment transitions over a period of two years. We focus on couples in which both are
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between 25 and 65 years of age, either married or cohabiting and in which the male partner is

working in the first month of observation. Out of these couples, we create two subsamples: (a)

a sample in which the female partner does not work in the first month of observation (N cou-

ple-months: 1.207.260; N couples: 36.601) and (b) a sample in which the female partner works

part-time in the first month of observation (N couple-months: 588.492; N couples: 17.037).

Given the need to include only couples with complete monthly work histories, we do not have

any observations for Finland, Netherlands and Sweden. As such, our sample includes couples

from the other 24 European Union member states and the UK.

In addition to the longitudinal EU-SILC, we estimate childcare availability using the cross-

sectional EU-SILC data, that include information on formal childcare use, necessary to test

H3. Additionally, we use EUROMOD and UKMOD, a tax-benefit microsimulation model,

and the Hypothetical Household Tool (HHT) it provides. EUROMOD enables cross-country

comparability in terms of the effects of taxes and benefits on household income for the coun-

tries in the EU. UKMOD offers the same but for the UK. Both allow us to estimate the extent

to which social transfers and tax reductions replace the income lost by the male partner with

his entry to unemployment, which capture the net replacement rates (NRR), in order to test

H4, as well as the marginal tax rates (MRTs), which are needed to test H5. However, the HHT

allows us to estimate the NRR and MTRs from 2009 onwards. Lastly, we use Eurostat database

and European Values Survey to retrieve country level control variables. Given the data restric-

tions we focus the analysis on 24 European Union member states and the UK, during the

period 2009–2019.

Prior knowledge of the datasets

Our five hypotheses were derived strictly on the basis of the theory and our research objectives

were formulated taking into account past empirical studies. Prior to submitting this manu-

script to Plos One, the author responsible for conducting the analyses (Alina Maria Pavelea)

had never carried out analyses based on the monthly activity status data offered by EU-SILC.

She received official access to the data in September 2022 and started working on it in May

2023 when she used the data solely to compute the sample size, which will be used for the pro-

posed study. One of the co-authors (Anna Matysiak) had previously worked with this dataset,

but on different topics and on a limited number of waves. She had not studied women’s labour

market responses to men’s situation in the labour market and had not explored the data on the

monthly activity status.

Research design

Micro-level work transitions

Table 1 presents a detailed description of the variables considered. As European countries are

generally characterized by a high rate of female labour market participation [22], we distin-

guish between two ways women may increase their labour market supply: entering the labour

market or increasing their working hours. We consider two measures of increase in the female

labour force participation. First, a transition from being out of work (inactive, unemployed) to

being employed, either part-time or full-time (NW!E). Second, an increase in working hours

through transitions from part-time to full-time employment (PT! FT). The change in wom-

en’s labour supply is our main dependent variable and it is coded as 1 if there is an increase

and 0 if there is no change. The main explanatory variable is the male partner becoming and

remaining unemployed, which is equal to 1 in the months he is considered to be unemployed,

and 0 otherwise. As unemployment (state of being unemployed) we consider the situation in

which the male partner defines himself as unemployed over the period of three or more
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consecutive months. This is for two reasons. First, a shorter spell may not require the female

partner to increase her labour market supply. Second, short-term unemployment may suggest

that it was anticipated by the household, with the male already securing a new job before his

employment ended or was terminated.

In order to better explain our research design Fig 1 depicts examples of possible employ-

ment transitions of the couples. Our focus is on couples in which the man is employed and the

female partner is not working or employed part-time in the first month they are surveyed (t1).

During the time of observation the woman can either experience no change in her labour

Table 1. List and description of variables.

Variables Variable description Source

Dependent variables

NW!E Binary variable which takes the value of 1 when women increase their labour supply by switching form not working to

employment (part-time or full-time)

EU-SILC

PT! FT Binary variable which takes the value of 1 when women increase their labour supply by switching from part-time to full-

time work

EU-SILC

Explanatory variables

Unemp Binary variable which takes the value of 1 when the male partner is in unemployment EU-SILC

Job loss Binary variable which takes the value of 1 in the months when the male partner has lost his job EU-SILC

Moderator variables

NRRs Proportion of household disposable income maintained after the male partner becomes unemployed HHT

EUROMOD

MTRs Proportion of a marginal increase in woman’s earnings that is taxed away when women increase their labour supply by

switching from a) not working to employment (part-time or full-time) and (b) part-time to full-time work

HHT

EUROMOD

Childcare 0–3 Percentage of children aged 0 to 3 enrolled in (part-time < 30 hours/week; full-time = 30 or over hours/week) formal

childcare

EU-SILC

Childcare 4–6 Percentage of children aged 4 to 6 enrolled in (part-time < 30 hours/week; full-time = 30 or over hours/week) formal

childcare

EU-SILC

Childcare 7–12 Percentage of children aged 7 to 12 enrolled in (part-time < 10 hours/week; full-time = 10 or over hours/week) formal

childcare

EU-SILC

Household control variables

Union Binary variable which takes the value of 1 when the couple is married EU-SILC

Children Number of children below 18 years of age EU-SILC

Child 0–3 Binary variable which takes the value of 1 when the couple has a child aged 0 to 3 EU-SILC

Child 4–6 Binary variable which takes the value of 1 when the couple has a child aged 4 to 6 EU-SILC

Child 7–12 Binary variable which takes the value of 1 when the couple has a child aged 7 to 12 EU-SILC

Income Equivalised disposable income (Quintiles) EU-SILC

Individual control variables

Age Age in years EU-SILC

Education Categorical variable: 1) low education (ISCED 1–2); 2) medium education (ISCED 3–4); 3) high education (ISCED 5–6) EU-SILC

Ocuppation Categorical variable: 1) blue-collar low (ISCO 8–9); 2) blue-collar high (ISCO 6–7); 3) white-collar low (ISCO 4–5); 4)

white-collar high (ISCO 1–3)

EU-SILC

Country control variables

Unemployment rate Quarterly unemployment rate (% of total population 20–64 years) EUROSTAT

Female employment Quarterly female employment rate(% of total population 20–64 years) EUROSTAT

Women gender role

attitudes

Percentage of women by birth cohort who agree with the statement: “men should take the same responsibility as women

for children and home”

EVS

Men gender role

attitudes

Percentage of men by birth cohort who agree with the statement: “men should take the same responsibility as women for

children and home”

EVS

The NRRs for the continuously employed male partners this takes the value of 100.

https://doi.org/10.1371/journal.pone.0306964.t001
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supply, can increase it or her labour supply can decline (if a woman changes from part-time

into non-employment). We observe the couple until the last month they are followed in the

survey (tn) or until the man becomes inactive, a woman’s labour supply declines or the union

dissolves, whichever comes first.

Country-level indicators

First, in measuring childcare availability we consider three age groups, based on the type of

formal childcare they require (0 to 3 years of age, 4 to 6 years of age, and 7 to 12 years of age)

and include three types of formal childcare (childcare at day-care center, education at pre-

school, and childcare at center-based services outside school hours). Given its nature, we do

not include education at compulsory school, as there is little variation in enrollment across the

studied countries. By making use of the EU-SILC cross-sectional data we compute multiple

alternative measures of childcare availability: the percentage of children enrolled in formal

childcare out of the corresponding age population; the percentage of children enrolled part-

time in formal childcare; the percentage of children enrolled full-time in formal childcare. We

use childcare enrollment because it is a widely used measure of availability [58, 59].

Next, using the Hypothetical Household Tool (HHT) in EUROMOD and the UKMOD, we

measure the extent to which social transfers and tax reductions replace the income lost by the

male partner upon becoming unemployed (NRRs) and the proportion of the household

income that is taxed away when the woman enters employment relative to the net additional

income a woman earns after she increases her labour supply (MTRs). We employ the HHT as

the EU-SILC longitudinal data we are using is not compatible with EUROMOD and

UKMOD. Although EUROMOD/UKMOD can be used with EU-SILC microdata, it relies on

the cross-sectional EU-SILC data, which cannot be linked with the longitudinal EU-SILC data,

according to the Eurostat’s principles of micro data use.

As mentioned, EUROMOD and UKMOD are tax-benefit simulation tools which store

information on the tax and benefit policies of EU countries and UK—respectively—in specific

time periods. As such, it can be used to estimate the consequences tax and benefit policies have

on net household incomes. For such an estimation to be possible, detailed data on household

Fig 1. An example of the possible employment transitions of the couples.

https://doi.org/10.1371/journal.pone.0306964.g001
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composition, earnings of household members and their demographic characteristics are

required. We use the HHT to generate hypothetical household data which will later be input-

ted into EUROMOD and UKMOD in order to estimate household income after taxes and

transfers. Generating multiple types of identical households, which only differ in the employ-

ment situations of the partners, will allow us to estimate the NRRs and MTRs. The NRRs (for

specific countries and periods) can be computed by relating the net household income of two

identical hypothetical households that only differ in the employment situation of the male

partner (employed vs. unemployed), as follows:

NRR ¼
YU

HH

YE
HH

∗ 100; ð1Þ

where YHH represents the household disposable income when the male partner is in unem-

ployment, while YE
HH represents the household disposable income when the male partner is

employed. Likewise, the MTRs are assessed as a complement of the ratio of (a) the difference

in net household income of two hypothetical households which differ in the employment situ-

ation of the female partner but are identical otherwise and (b) a difference in woman’s gross

earnings after she increases her labour supply:

MTR ¼ 1 �
Y1

HH � Y0
HH

E1
i � E0

i

� �

100 ð2Þ

where YHH represents the household disposable income before (0) and after (1) woman’s labour

supply increase, while Ei represents the gross earnings of the woman before (0) and after (1) the

labour supply increase. In order to estimate the NRRs and MTRs for couples that resemble as

much as possible the couples in our EU-SILC dataset, we generate a large number of hypotheti-

cal households, based on various characteristics. In generating hypothetical household data, the

HHT requires users to specify the household composition by defining the relationship between

the household members (e.g. single/cohabiting, couple with children, couple without children)

and the demographic characteristics of the household members. For example, the user can

specify, for all household members, the age, economic status (employed, unemployed, inac-

tive), number of hours worked and income from employment (as % of EU-SILC average). For

these variables users can also specify the values between which the variables range and the

range itself. We take the following variables into account when generating hypothetical data for

computing the NRR and MTRs: the marital status of the couple (married or cohabiting), the

employment status of the men and women and the number and age of the children. As the

number of households generated grows exponentially with the number of categories assumed

by each variable we aimed at reducing the number of the categories to a minimum.

S1 Table offers an overview of the hypothetical households generated to estimate the NRRs.

In this way we estimate the replacement rates after the male becomes unemployed, which dif-

fer in the employment situation of the female partner, who can be inactive or unemployed

(HH1), and employed part-time (HH2). We also consider the union type (cohabiting, mar-

ried) and the number of kids and their age, as household composition influences the net

household income [35]. We limit ourselves to generating households with up to 3 children, as

most couples have a maximum of 3 children [60], and we range the age of the children from 0

to 18 years in increments of 3 years. The NRRs corresponding to households with 3 children

will also be assigned to households with more than 3 children.

S2 Table offers an overview of the hypothetical households generated to estimate MRTs.

Here we generate identical households that differ in the employment situation of the female

partner in T0 and T1. This allows us to estimate the MTRs associated with the two
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employment transitions under consideration: NW!E and PT! FT. All couples in EU-SILC

are assigned country-period specific MTRs irrespectively whether they increase their labour

market supply or not. We assign them two sets of MTRs, one corresponding to transitions

from a) not working to part-time employment and b) part-time employment to full-time

employment, and in estimating our models we consider both. We generate hypothetical

households where the husband is unemployed (HH1) or employed (HH2). The latter values

are assigned to the EU-SILC couples where the husband is continuously employed, as their

wives might also transition into employment.

When using the HHT, a series of assumptions have to be made at the individual and house-

hold level. When generating hypothetical data to estimate NRRs we assume that the men’s

employment income is 33% of the country-year average in part-time employment and 67% of

the country-year average in full-time employment. In a similar fashon, to estimate MTRs we

set women’s wage to 33% of the country-year average for part-time employment and 67% of

the country-year average for full-time employment. Although the HHT allows users to also

specify expenditures the hypothetical households might have (e.g. rent), we do not use this

option. This ensures that the differences in the net household income of hypothetical house-

holds that differ only in the partners’ employment situation strictly reflect the role of tax and

benefit policies. Lastly, EUROMOD and UKMOD assume 100% benefit take-up. This assump-

tion may lead to a small overestimation of the NRRs and MTRs [37], which can influence the

results by potentially overstating the protective capacity of welfare systems. However, is highly

likely that couples rather make use of the social transfers they are eligible to.

Control variables

Apart from the main variables of interest, we control for a large number of factors that can

play a role in the labour market response of women to their partner’s unemployment. At the

individual level, we control for the age and education of the partners. Regarding occupation,

we control for the occupation of the male partner in all models, while we also control for wom-

en’s occupation when investigating women’s transition from part-time to full-time employ-

ment. At the household level, we account for the type of union, income, number of children

and age of the children. At the country level, we consider the quarterly unemployment rate

and quarterly employment rate of females. As mentioned above, high unemployment rates

might discourage women from increasing their labour supply [50]. Additionally, in countries

with high levels of female employment there is little space for an increase in women’s labour

supply in response to the unemployment of male partners. In fact, previous studies found

women’s response at extensive margin to be weak in such countries [43, 44].

Lastly, we also consider the predominant gender-role attitudes in the country, as studies

show that egalitarian gender-role attitudes at the country level are positively associated with

female employment [61]. However, time series data on gender-role attitudes comparable for

countries covered by our study are not available. In order to solve this problem we follow Briselli

and Gonzalez [62] who propose to construct country-cohort gender-specific measures of gender

role attitudes using data from the European Values Survey 2008 (EVS). Using EVS we compute

the country-cohort and gender-specific proportion of respondents who agreed with the state-

ment “men should take the same responsibility as women for children and home” shortly before

our observation period (which starts in 2009). In this way, we capture the variation in social

acceptance of men’s involvement in childcare and housework across cohorts and countries. This

approach assumes variation in gender role attitudes across cohorts, but not within cohorts over

time. Although multiple studies found evidence of differences in gender role attitudes across

cohorts, there is less evidence that these gender role attitudes are stable within cohorts [63].
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Model specification

The aim of the study is to estimate the probability of specific employment transitions by

females after their partners have become unemployed and the moderating effect of policy vari-

ables. We account for the hierarchical structure of our data, with individuals observed in mul-

tiple time periods, nested within countries, leading us to employ a multilevel model. More

specifically, we estimate mixed effects Linear Probability Models, with random slope at the

country level and robust standard errors. The main advantages of Linear Probability Models

(LPM) is that they are intuitively meaningful, as their results can be interpreted as differences

in probabilities [64]. Although the use of LPM has been criticized because a predicted proba-

bility may fall outside the range 0–1, simulations show that the predicted probabilities from

linear and logistic regression analyses are nearly identical [64], the only difference residing in

the ease of interpreting the results of the former. To tests the first hypothesis we estimate the

following baseline model:

yictm ¼ b0 þ b1Unempictm þ d
0Xict þ �

0Pict þ g
0Zict þ Uc þ εictm ð3Þ

where yictm is the dummy variable on women’s labour supply increase, which is equal to 1 if

the woman i in country c in year t, month m increased her labour market supply by transition-

ing from not working to employment (NW!E), in the first specification, or from part-time to

full-time work (PT! FT), in the second specification. Unempictm is the dummy variable on

the male partner’s employment status, which equals 1 during the months when the male part-

ner is unemployed. The vector of covariates δ 0Xict includes the partners’ and household char-

acteristics, which vary by year. The vector ϕ0Pict includes the policy variables of interest. As

including all policy variables in the model can run the risk of multicollinearity, we will include

the policy variables either separately or jointly depending on the VIF. γ0Zict represents the

county-level control variables, and Uc is the country-random effect. To test our other hypothe-

ses we include interaction terms between Unempictm and the moderator variables of interest,

which take the form:

yictm ¼ b0 þ b1Unempictm ∗ Child0 � 3ict þ b2Unempictm ∗ Child4 � 6ictþ ð4Þ

b3Unempictm ∗ Child7 � 12ict þ d
0Xict þ �

0Pict þ g
0Zict þ Uc þ εictm

yictm ¼ b0 þ b1Unempictm ∗ NRRsictm þ d
0Xict þ �

0Pict þ g
0Zict þ Uc þ εictm ð5Þ

yictm ¼ b0 þ b1Unempictm ∗ MTRsictm þ d
0Xict þ �

0Pict þ g
0Zict þ Uc þ εictm ð6Þ

To test the second hypothesis we interact Unempictm with the dummy variables

Child0 − 3ictChild4 − 6ict and Child7 − 12ict, which take the value of 1 when the couple has a

child in these age categories. We test the third hypothesis by expanding this model and

include the interaction with childcare availability for each age group. Lastly, we test hypothe-

ses 4 and 5 by interacting Unempictm with NRRsictm and MTRsictm, respectively. We use a sig-

nificance level of 5% as inference criteria for our hypotheses.

Robustness and sensitivity analyses

Because households may anticipate unemployment, which can affect their response [65], we

have also considered narrowing the analysis to involuntary job losses, as they are less likely to

be foreseen. Given the lower risk that involuntary job losses (i.e. when the employee is made

redundant by the employer) are anticipated [53], in this case we consider all unemployment
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spells regardless of duration. In identifying a job loss, we combine the monthly activity status

variables with data from two other questions: if the respondent had changed their job since the

last interview (in the previous 12 months) and the reason for that change that they were

“obliged to stop by the employer”. Thus, when the respondent experienced an unemployment

spell over the previous 12 months and reported having changed his job because he was

“obliged to stop working by the employer”, we assume that the unemployment spell was as a

result of a job loss. Here we would stress, however, that focusing on job loss may result in the

problems that accompany small sample sizes. Not having been able to work with the dataset

prior to undertaking the study, we cannot be sure if we will achieve this aim, and thus we treat

this as a supplementary analysis. Additionally, research shows that an increase in the labour

supply of women is most likely to occur when the male partner has been unemployed between

three and six months, but not significant when the duration of the man’s unemployment is

longer [20]. Arguably, this might be because long unemployment spells cause households to

adapt to the loss of income in other ways, such as by reducing their consumption [66]. As

such, we will test the sensitivity of the results by considering only unemployment spells that

last between three and six months, and unemployment spells that last for more than six

months—separately. We test the sensitivity of our results by considering different specifica-

tions for the policy variables of interest. More specifically, we estimate the NRRs and MTRs by

using different assumptions concerning the partners’ wage. In this sense, we set the wage of

part-time and full-time employment to: a) 25% and respectively 50% of EU-SILC average wage

and b) 50% and respectively 100% of EU-SILC average wage.

Results

Descriptive statistics

We define two samples, which differ in that female partners in Sample A do not work in the

first month of observation, while female partners in Sample B work part-time. The final sample

size is 1.192.721 couple-months for Sample A and 544.257 couple-months for Sample B. The

final sample size is smaller than the one reported in the Registered Report Protocol (doi:

https://doi.org/10.1371/journal.pone.0292749) because we censor couples when a man

becomes inactive or a woman’s labour supply declines. S3 Table offers an overview of the

country and years covered in in our two samples, while S4 Table presents the descriptive statis-

tics of the couples. The couples in both samples are largely married and have 1.14 children on

average. The male partners are, on average, in their mid-40s, and their female partners are, on

average, two years younger. Samples A and B differ, however, in terms of partners’ education,

occupation, and household income. Men and women in Sample B have, on average, higher lev-

els of education, and male partners in Sample B are primarily in white-collar jobs (while men

in Sample A dominate in blue-collar jobs). Couples in Sample B are also in higher income

quintiles than couples in Sample A, which may be due to the differences in partners’ human

capital and the fact that women in Sample B work for pay part-time.

Multivariate analyses

We next move to the results from the regression analyses to address our research hypotheses.

Before these models were estimated, we checked for eventual multicollinearity issues as antici-

pated in the Registered Report Protocol. We particularly expected policy variables to be multi-

collinear. We present the results of the analysis in S5 Table Indeed, the Variance Inflation

Factor indicates multicollinearity issues (VIF scores close to five or above) for the models that

simultaneously control for our policy variables. As estimating the effect of all policy variables
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together could affect the reliability of our results, we decided to test our hypotheses by sepa-

rately including the policy variables in the models.

Table 2 presents the results for our first hypothesis (H1), according to which women whose

partners became unemployed are more likely to increase their labour supply than women with

continuously employed partners. The results support H1. We find that non-working women

are 6.41% more likely to become active if their partners become unemployed. Similarly,

women employed part-time are 8.15% more likely to increase their working hours when their

partner becomes unemployed.

Our second hypothesis (H2) predicted that women’s labour supply response, following

their partner’s unemployment, would be weaker among mothers, especially mothers with

small children. We first examined the differences between the labour supply responses of

mothers and women without children. To this end, we interacted men’s unemployment with a

dummy indicating whether a woman has children aged 18 or less. Next, following the Regis-

tered Report Protocol, we examined the differences between the labour supply response of

mothers based on the age of their children by interacting men’s unemployment with the

dummy variables indicating the presence of children by age (0–3, 4–6 and 7–12). The main

results are presented in Table 3.

In general, we do not find evidence for our hypothesis H2. Among non-working women,

the labour market response to the unemployment of the male partner does not depend on

their motherhood status. In other words, women without children are as likely to enter

employment as mothers when their male partner becomes unemployed. Furthermore, the

labour market response of non-working mothers does not depend on the age of their children.

Among women who work part-time, women’s labour market response depends on women’s

motherhood status but it’s different from what we expected. Namely, part-time working moth-

ers are more likely to increase labour supply in response to the unemployment of their male

partner than women who do not have children.

We further expected that the labour supply response of mothers to their partners’ unem-

ployment would be stronger in countries with higher availability of formal childcare (hypothe-

sis H3). To test this hypothesis, we interacted men’s unemployment with the presence of

children by age group and the country-level childcare availability. We considered three alter-

native measures of childcare availability: a general measure of enrollment in childcare, a mea-

sure of full-time enrollment in childcare and a measure of part-time enrollment in childcare.

We present the results visually in Figs 2–4, respectively. In each of these graphs, we present the

predicted probabilities that a mother enters employment (left panel) and shifts from part-time

to full-time (right panel) by the level of childcare availability (X-axis) in two situations: when

their partner is continuously employed (solid line) and when their partner becomes unem-

ployed (dotted line). We use 83% confidence intervals because we are interested in comparing

differences between two probabilities and past research showed that a difference between two

probabilities is significant at 0.05 if 83% CI do not overlap [67]. As the results for our general

measure of enrolment in childcare are clearly driven by full-time childcare, we describe the

results only for full-time childcare below.

We can see that mothers of young children (aged 0–3) whose partners become unemployed

are more likely to enter employment in countries with better (full-time) childcare availability

(Fig 3a). A similar relationship is observed among mothers whose partners are employed. This

means that (full-time) childcare availability helps mothers with very young children to enter

employment in general, but this effect does not depend on whether the male partner is

employed or not. In other words, childcare availability does not help non-working mothers

enter employment more when their partner becomes unemployed than when he remains

employed.
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Table 2. Labour supply increase of women.

Explanatory variables Sample A Sample B

Men’s unemployment 0.0641*** (0.0105) 0.0815*** (0.0172)

Household/Couple characteristics

Married (ref. cohabiting) -0.0358*** (0.0102) -0.0093* (0.0042)

Number of children -0.0129*** (0.0035) -0.0001 (0.0027)

Child aged 0 to 3 -0.0638** (0.0184) -0.0340* (0.0141)

Child aged 4 to 6 0.0301* (0.0120) -0.0096 (0.0078)

Child aged 7 to 12 0.0147 (0.0076) -0.0121** (0.0047)

Income (ref. Quintile 1)
Quintile 2 0.0223*** (0.0059) -0.0065 (0.0087)

Quintile 3 0.0561*** (0.0088) 0.0006 (0.0096)

Quintile 4 0.0823*** (0.0117) 0.0181 (0.0111)

Quintile 5 0.0891*** (0.0109) 0.0284* (0.0112)

Female characteristics

Age -0.0030*** (0.0005) -0.0028*** (0.0005)

Education (ref. low)
Medium 0.0369*** (0.0082) 0.0084 (0.0071)

High 0.1057*** (0.0109) 0.0293** (0.0092)

Occupation ref. Blue low skilled)
Blue-collar high skilled - 0.0227* (0.0110)

White-collar low skilled - 0.0218* (0.0107)

White-collar high skilled - 0.0503*** (0.0141)

Male characteristics

Age -0.0025*** (0.0004) -0.0007 (0.0006)

Education (ref. low)
Medium 0.0062 (0.0057) -0.0078 (0.0081)

High -0.0076 (0.0051) -0.0123* (0.0062)

Occupation ref. Blue low skilled)
Blue-collar high skilled -0.0061 (0.0078) -0.0061 (0.0076)

White-collar low skilled 0.0003 (0.0067) -0.0012 (0.0063)

White-collar high skilled -0.0173** (0.0052) -0.0143* (0.0073)

Country control variables

Unemployment rate 0.0016 (0.0038) 0.0037 (0.0037)

Female employment 0.0084* (0.0036) 0.0101* (0.0034)

Women gender role attitudes 0.0015 (0.0014) 0.0016 (0.0015)

Men gender role attitudes 0.0010 (0.0013) 0.0047* (0.0022)

N couple-months 1.192.721 544.257

N couples 36.601 16.931

Notes:

* 0.05

** 0.01

*** 0.001;

Blue-collar low skilled(ISCO 8–9), Blue-collar high skilled (ISCO 6–7), White-collar low skilled (ISCO 4–5), White-

collar high skilled (ISCO 1–3).

https://doi.org/10.1371/journal.pone.0306964.t002
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Hardly any relationship between (full-time) childcare availability at the country level and

the probability of mothers entering employment is observed among mothers with children

aged 4–6, regardless of men’s employment status (Fig 3b). Contrary to expectations, for chil-

dren aged 7–12, after school childcare availability positively affects the labour supply of moth-

ers with employed partners but not the labour supply of mothers with unemployed partners

(Fig 3c). Moreover, when childcare availability is scarce, women whose partners become

unemployed are more likely to enter employment than those whose partners remain in

employment. However, at higher levels of childcare, the difference between these groups of

mothers disappears. We also find little evidence for our Hypothesis H3 among part-time work-

ing mothers. For mothers with children aged 0–3 and 4–6, we find a similar unexpected result

as for non-working mothers with older children. Namely, at lower levels of childcare availabil-

ity, part-time working mothers whose partners become unemployed are more likely to

increase their working hours than mothers whose partners remain employed (Fig 3d and 3e).

These differences disappear, however, at higher levels of childcare availability. Full-time child-

care availability for older children does not seem to be related to the probability of shifting

from part-time to full-time employment neither among mothers with employed partners nor

mothers with unemployed partners (Fig 3f). Fig 4 (moderating role of part-time childcare

availability) provides no additional insights into this picture.

We further hypothesized that the generosity of unemployment benefits, captured through

NRRs, will be associated with a weaker labour supply response (Hypothesis H4). In estimating

NRRs of men’s income from work, we accounted for their individual characteristics (their

employment before entry to unemployment: employed (full-time or part-time) and self-

employed (full-time or part-time)) as well as household/couple characteristics (i.e. marital sta-

tus; number and age of children; the employment status of their female partner—not working;

working part-time) and assumed different wage levels, which are replaced by social benefits. In

the most basic scenario, as declared in the Registered Report Protocol, we set the average pre-

unemployment wage of men at 67% of a country’s average wage if he was full-time employed

and 33% if he was part-time employed. Using EUROMOD, we simulated unemployment

Table 3. Labour supply increase of women by presence and age of children.

Explanatory variables Sample A Sample B

Men’s unemployment 0.0564*** (0.0147) 0.0679*** (0.0123) 0.0477* (0.0224) 0.0643*** (0.0164)

Mother 0.0476*** (0.0087) -0.0043 (0.0076)

Unemployment*Mother 0.0136 (0.0152) 0.0587* (0.0175)

Child aged 0 to 3 -0.0634*** (0.0186) -0.0346* (0.0140)

Child aged 4 to 6 0.0302* (0.0121) -0.0099 (0.0080)

Child aged 7 to 12 0.0147 (0.0077) -0.0125** (0.0048)

Unemployment * Child 0 to 3 -0.0213 (0.0218) 0.0520 (0.0805)

Unemployment * Child 4 to 6 -0.0043 (0.0186) 0.0283 (0.0365)

Unemployment * Child 7 to 12 0.0008 (0.0177) 0.0243 (0.0274)

N couple-months 1.192.721 544.257

N couples 36.601 16.931

Notes:

* 0.05

** 0.01

*** 0.001;

the models include the control variables at individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.t003
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spells to estimate the level of NRRs, which we then assigned to the unemployed men in our

sample based on their households and individual characteristics. We also planned to test the

sensitivity of the results by setting his pre-unemployment wage at both lower (25% and 50% of

a country’s average wage) and higher levels (50% and 100% of a country’s average wage). Addi-

tionally, given the overrepresentation of high-income households in Sample B, we decided also

to include NRRs for higher wage levels (75% and 150% of a country’s average wage; 100% and

200% of a country’s EU-SILC average wage).

Table 4 presents the results for the different estimations of NRRs. The NRRs vary only for

woman-months for which the man’s partner is unemployed, while we assign a constant value

for the woman-months for which the man’s partner is employed. As a result, the coefficient of

NRR informs us about the extent to which a woman’s reaction to her partner’s unemployment

depends on the increase in NRR by 1%. Neither for non-working nor part-time working

women do we find their labour supply response associated with the country’s NRRs. These

results are consistent across all wage levels we assumed for the male partner to estimate the

Fig 2. Labour supply increase of women by childcare availability (general). Notes: 83% confidence intervals; the models include the control variables at

individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.g002
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NRRs prior to his entry to unemployment. We thus conclude that the results do not support

H4.

Lastly, we have argued that women’s labour supply response may depend on the part of

additional income that is “taxed away” when women increase their labour supply. As such, we

hypothesized that women’s response to their partner’s unemployment would be lower in coun-

tries with higher marginal tax rates (Hypothesis 5). To test this hypothesis, we interacted

men’s unemployment with the MTRs we estimated for women, based on their household (i.e.

marital status, number and age of children, the employment status of their male partner) and

individual characteristics (i.e. employment status—not working; working part-time). For non-

working women we estimated separately the MTRs assuming two scenarios, namely that a

woman enters part-time employment—in which case she earns 33% of the country’s average

wage (denoted as NW—33%)—and that a woman enters a full-time employment—in which

case she earns 67% of the country’s average wage (denoted as NW—67%). Similarly, for

women working part-time, we first estimated the MTRs assuming they transition from a part-

Fig 3. Labour supply increase of women by childcare availability (full-time). Notes: 83% confidence intervals; the models include the control variables at

individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.g003
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time job earning 33% of the country’s average wage to a full-time job earning 67% of the coun-

try’s average wage (denoted as 33%—67%). To check the sensitivity of the results, we set the

average wage for part-time and full-time employment at both lower (25% for part-time

employment and 50% for full-time employment) and higher levels (50% for part-time employ-

ment and 100% for full-time employment; 75% for part-time employment and 150% for full-

time employment; 100% for part-time employment and 200% for full-time employment) of a

country’s average wage.

The main results are presented in Table 5. In case of non-working women (Sample A), the

evidence supports our hypothesis H5. Our results show that, regardless of the wage levels used,

women’s labour supply response to their partner’s unemployment is weaker in countries with

higher MTRs. More specifically, a one percent increase in MTRs is associated with a 1%—2.8%

reduction in women’s probability of entering employment in reaction to their male partner’s

unemployment, depending on the wage level considered. For women working part-time (Sam-

ple B), the results are mixed. For most wage level specifications, however, our results suggest

Fig 4. Labour supply increase of women by childcare availability (part-time). Notes: 83% confidence intervals; the models include the control variables

at individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.g004
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that women’s labour supply in reaction to their partner’s unemployment is not weaker with

higher levels of their country’s MTRs, and we even find the response to strengthen with an

increase in MTRs at low wage levels.

Robustness and sensitivity checks

Previous studies show that women’s labour supply response depends on the length of their

partner’s unemployment [20]. In our basic model we start observing women’s response after

the male partner spent 3 months in unemployment. That leaves a woman relatively little time

to respond to man’s unemployment. The male partner may also actively search for a job after

short unemployment, and a woman may respond only after his efforts fall through. To test the

sensitivity of our results, we thus restricted men’s unemployment to short spells that last

between three and six months (results presented in S1 Appendix), and long unemployment

spells that last for more than six months (results presented in S2 Appendix). Generally, differ-

entiating between the length of men’s unemployment does not considerably alter the results

and our conclusions. Non-working women increase their labour supply following their part-

ner’s short and long-term unemployment spells. Compared to the estimated response in the

basic model, the response seems to be weaker when we start following women after the partner

was unemployed for more than 3 months (but less than 6) but it becomes similar in magnitude

to our basic estimate after the partner spent more than 6 months in unemployment. A similar

pattern is also observed for part-time working women, except for the fact that the estimated

response following the man’s unemployment of 3–6 months is not significant. Furthermore,

the findings regarding the moderating effect of the policies on women’s response to men’s

Table 4. Labour supply increase of women by NRRs.

Explanatory variables Sample A Sample B

NRRs: 33%(part-time) and 67% (full-time)

Men’s unemployment 0.0790*** (0.0236) 0.1383** (0.0422)

NRRs 0.0003 (0.0004) 0.0016 (0.0010)

NRRs: 25%(part-time) and 50% (full-time)

Men’s unemployment 0.0742*** (0.0196) 0.1285*** (0.0302)

NRRs 0.0003 (0.0003) 0.0016 (0.0008)

NRRs: 50%(part-time) and 100% (full-time)

Men’s unemployment 0.0799** (0.0277) 0.1205* (0.0513)

NRRs 0.0003 (0.0003) 0.0009 (0.0010)

NRRs: 75%(part-time) and 150% (full-time)

Men’s unemployment 0.0918** (0.0336) 0.0765 (0.0391)

NRRs 0.0004 (0.0004) -0.0001 (0.0007)

NRRs: 100%(part-time) and 200% (full-time)

Men’s unemployment 0.1084** (0.0392) 0.0751 (0.0386)

NRRs 0.0006 (0.0005) -0.0001 (0.0007)

N couple-months 1.192.721 544.257

N couples 36.601 16.931

Notes:

* 0.05

** 0.01

*** 0.001;

the models include the control variables at individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.t004
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unemployment are similar, regardless of when we start observing a woman. We thus conclude

that the duration of man’s unemployment does not substantially alter our initial findings.

Lastly, as a supplementary analysis, we planned to restrict the analyses to unemployment spells

due to a job loss. In Sample A we identified 1075 couple-months in which the man experienced

a job loss, while in Sample B there were 258 such instances. As such, the instances of job loss

were too low to allow for meaningful analyses.

Conclusions and discussions

In this study, we investigated the labour supply of women following the unemployment of

their partner, with a focus on the moderating role of specific welfare policies. Drawing from

previous studies and theoretical arguments, we hypothesized that women will increase their

labour supply in response to their partner’s unemployment. We examined two types of poten-

tial labour supply responses of women: entering employment (if previously not working) and

increasing working hours by switching from a part-time to a full-time job. We summarize the

hypothesised relationships and the results in Table 6.

Our results show that both not-working and part-time working women respond to their

partner’s unemployment by increasing their labour supply but this effect is relatively small in

Table 5. Labour supply increase of women by by MTRs.

Explanatory variables Sample A Sample B

NW—33% NW- 67% 33%- 67%

Men’s unemployment 0.0846*** (0.0220) 0.1070*** (0.0245) 0.0155 (0.0268)

MTRs 0.0019*** (0.0003) 0.0004 (0.0006) 0.0006 (0.0004)

Men’s unemployment*MTRs -0.0010* (0.0004) -0.0191** (0.0007) 0.0015** (0.0006)

NW—25% NW- 50% 25%- 50%

Men’s unemployment 0.0867** (0.0301) 0.0875*** (0.0157) 0.0499** (0.0155)

MTRs 0.0014*** (0.0002) 0.0025*** (0.0000) 0.0004 (0.0003)

Men’s unemployment*MTRs -0.0007 (0.0004) -0.0012** (0.0004) 0.0006* (0.003)

NW—50% NW- 100% 50%- 100%

Men’s unemployment 0.0992*** (0.0193) 0.1324*** (0.0316) 0.0496 (0.0392)

MTRs 0.0029*** (0.0005) 0.0053*** (0.0008) -0.0003 (0.0014)

Men’s unemployment*MTRs -0.0017** (0.0005) -0.0027** (0.0009) 0.0009 (0.0010)

NW—75% NW- 150% 75%- 150%

Men’s unemployment 0.1010*** (0.0197) 0.1357*** (0.0322) 0.0529 (0.0397)

MTRs 0.0029*** (0.0005) 0.0054*** (0.0008) -0.0001 (0.0014)

Men’s unemployment*MTRs -0.0017** (0.0006) -0.0028** (0.0009) 0.0008 (0.0011)

NW—100% NW- 200% 100%- 200%

Men’s unemployment 0.0988*** (0.0226) 0.0787 (0.0430) 0.1181 (0.0843)

MTRs 0.0043*** (0.0005) 0.0077*** (0.0009) 0.0039* (0.0017)

Men’s unemployment*MTRs -0.0016** (0.0006) -0.0011 (0.0012) -0.0008 (0.0021)

N couple-months 1.192.721 544.257

N couples 36.601 16.931

Notes:

* 0.05

** 0.01

*** 0.001;

the models include the control variables at individual, household and country level.

https://doi.org/10.1371/journal.pone.0306964.t005
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magnitude. More specifically, compared to women whose partner is employed, not-working

women are 6.41% more likely to enter employment following their partner’s unemployment.

In comparison, women employed part-time are 8.15% more likely to increase their working

hours in response to their partner’s unemployment. The magnitude of the effect is relatively

comparable to that identified in most of the previous studies. The majority of previous studies

found that following men’s employment deterioration, women’s probability of entering the

labour market ranged between approximately 2% and 7% [18, 50, 52, 53]. Bredtmann et al [16]

identified a larger effect of 20%, but this was driven by women who entered unemployment,

while in our study, we focus exclusively on women’s entry into employment. At the intensive

margin, few studies focused on women’s probability of working full-time, with diverging

results. Gong [47] found that women whose partner lost their job were 2.8 percentage points

more likely to become full-time employed, while Bredtmann et al. [16] found a considerably

stronger effect of men’s unemployment on women’s probability to switch from a part-time to

full-time job of 36%.

In our study, we hypothesized a weaker labour supply response in the case of mothers, espe-

cially those with young children, compared to women without children. We argued that child-

care responsibilities may hinder maternal response and that unemployed men might not

substitute their partners in housework and childcare responsibilities [25, 26]. Our results do

not support this line of reasoning. We found the labour supply response of non-working

mothers comparable to that of women without children. Furthermore, we found the response

of part-time working mothers stronger than that of part-time working women without chil-

dren. Additionally, our results show that mothers’ labour supply response is not dependent on

the age of their children. All these findings suggest that mothers increase their labour supply as

a reaction to the unemployment of their male partners.

Formal childcare can reduce the care-work conflict mothers might experience, by provid-

ing an alternative to maternal childcare. Consequently, we expected that the labour supply

response of mothers to men’s unemployment would be stronger in countries with better

childcare availability. We indeed found that mothers of young children, aged 0–3, are more

likely to increase their labour supply in response to men’s unemployment the higher the

childcare provision. Nonetheless, we also find that women with working partners are also

more likely to increase their labour supply in countries with better childcare. These findings

provide evidence that childcare for young children is particularly important for women’s

Table 6. Summary of results.

Hypothesis Results

Sample A Sample B

H1 Women increase their labour market supply in response to their male partner’s

unemployment (AWE)

Yes Yes

H2 AWE is weaker among mothers No Yes

AWE is especially weaker among mothers with young children No No

H3 AWE among mothers is stronger in countries with higher availability of formal

childcare for children aged 0–3

Yes No

AWE among mothers is sitronger in countries with higher availability of formal

childcare for children aged 4 to 6

No No

AWE among mothers is stronger in countries with higher availability of formal

childcare for children aged 7 to 12

No No

H4 AWE is weaker in countries with a generous tax-benefit system No No

H5 AWE is weaker in countries with higher marginal tax rates Yes No

https://doi.org/10.1371/journal.pone.0306964.t006
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labour force participation, which is an important finding from the policy perspective. Inter-

estingly, for the remaining groups of mothers we found that childcare availability does not

affect their response to men’s unemployment (in contrast to women with employed partners

for whose labour supply childcare availability mattered in most cases). Furthermore, for

some couples with children aged 4–6 and school-aged children, we even found that at low

levels of childcare, mothers are more likely to enter employment after their partner becomes

unemployed than mothers whose partner remains employed. This finding may suggest that

fathers take over at least some of the childcare obligations after they become unemployed

and their female partner increases the labour supply, but this substitution takes place rather

for couples with children aged 4–6 or school-aged children and not those with very young

children. This finding is consistent with past research that finds a higher involvement of

fathers in childcare when their children are older [68]. However, it is also likely that women

take on a double workload [69] or rely on informal childcare [70] to increase their labour

supply. In fact, grandparents are more intensely involved in childcare in countries with

scarce public child-care services [71].

We also explored whether the tax-benefit policies might alter the labour supply response of

women. In particular, we focused on the generosity of unemployment benefits and marginal

tax rates. We hypothesized that women’s response to their partner’s unemployment would be

weaker in countries with generous unemployment benefits. The results do not support this

hypothesis, as we consistently found that women’s labour supply response is not dependent on

the generosity of unemployment benefits, as measured through NRRs. This finding has impor-

tant policy implications. It is often argued that generous unemployment benefits create a disin-

centive to work [72]. We show that generous benefits do not disincentivize women from

increasing the labour supply after their partner becomes unemployed.

Additionally, we argued that welfare policies can discourage women from increasing their

labour supply by “taxing away” the additional income their employment brings to the house-

hold. Our results confirm our expectation, as we found evidence that higher MTRs disincenti-

vize not-working women from entering employment following their partner’s unemployment.

More specifically, we find that a one percent increase in MTRs is associated with a 1% to 2.8%

reduction in women’s probability of entering employment. However, we did not find evidence

for such a disincentivizing effect for part-time working women. This is contrary to previous

studies, which largely found a stronger effect of MTRs on women’s number of working hours

compared to women’s employment participation [73]. These differences likely stem from

methodological choices. Increases in the number of working hours might be more sensitive to

MTRs compared to transitions from part-time to full-time employment. Even though our

empirical strategy offers the advantage of examining monthly employment transitions, it does

not allow us to study how men’s unemployment affects changes in women’s working hours.

Despite this limitation, our results are relevant from a policy perspective, as we show that high

MTRs disincentive women from entering employment following their partners’

unemployment.

From a normative perspective, an increase in women’s labour supply may have both posi-

tive as well as negative consequences for women, On the one hand, it may be a transformative

experience which allows women to enter the labour force and gain financial independence. It

may also stimulate men’s involvement in childcare and thus contribute to a more equal distri-

bution of paid and unpaid work between partners. Additionally, provided that women con-

tinue working after their partner finds employment, the new situation can make the couple

more resistent against future economic shocks. Nonetheless, the increase in women’s labour

supply may also come at a cost for a woman. That will be the case if the decision not to work

for pay made by a mother may be driven by a personal preference to take care of a child and if
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woman’s entry to the labour market will not result in higher involvement in childcare of the

male partner. In that case, the necessity to combine care with economic activity may result in

tensions between the two activities which may further lower women’s work-life balance and

even have negative repercussions for women’s well-being.

This study also has a number of limitations. First, the study focuses on traditional and mod-

ified male breadwinner families, in which women are inactive or working a reduced number

of hours. Thus, our findings are not generalizable to less conventional family models. Future

studies should explore the added-worker effect in the case of same-sex couples or female

breadwinner couples. Second, households might anticipate the unemployment of the male

partner, in which case a woman may increase her labour supply when he is still employed [65].

If they take place, such anticipatory behaviours affect sample composition and likely lead to an

underestimation of the magnitude of the woman’s response. The magnitude of woman’s

responses we found is indeed small but at the same time comparable to what was found in

other studies [18, 47, 50, 52, 53]. Second, there might be a risk of reversed causality, whereby

men leave employment to allow their partners to increase their labour market supply. This

reversed causality can potentially lead to an overestimation of the magnitude of the mother’s

response, especially among mothers with young children who need constant supervision from

at least one parent. To account for this, we planned to narrow the analysis to unemployment

spells that can be considered an exogenous shock by focusing on job loss. Nevertheless, the

reduced number of instances of job loss did not allow us to conduct meaningful analyses.

What we find is that following men’s unemployment, mothers are more likely to enter full-

time employment than women without children. However, the effect is not dependent on the

age of children. Third, the NRRs and MTRs we estimated might differ from the ones couples

in our dataset are actually subject to. This is because we did not have specific information

about social benefits paid to the couple in case of his unemployment or benefits “taxed away”

in case of her possible increase in labour supply, but inferred them based on the individual and

household characteristics. This could lead to either an underestimation or overestimation in

the effect of NRRs and MTRs depending on whether the actual household income is higher or

lower than the one we estimated. We dealt with this limitation by conducting a series of sensi-

tivity checks. Despite these limitations, the paper brings important contributions to the litera-

ture on the ‘added-worker effect’, as this is the first study to investigate and offer evidence on

the moderating role of welfare policies on women’s labour supply response following the

unemployment of their partner.
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