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ABSTRACT 

Woman employment is considered as an important factor for fertility behavior. The objective of this study is to 

explore the interactive relation between woman employment and their fertility transition. We specify a simultaneous 

hazard regression model of two processes: fourth birth events and employment events. In addition, we allow for 

unobserved heterogeneity that is correlated across the two processes. This allows us to analyze the interaction of the 

transitions explicitly; the potential endogeneity of each transition with respect to the other is controlled. We estimate 

this model using data of the 2012 round of Egypt Labor Market Panel Survey. The main conclusion from the study 

is that there is an endogeneity between woman work-entry and fertility behavior. Specifically, controlling for 

unobserved heterogeneity, transition to the fourth birth depresses the hazard of joining the labour market while a 

work entry event produces a significant decline in the hazard of the transition to the fourth birth. The study focuses 

on the need for policy to simultaneously address work opportunities and fertility to benefit from the reciprocal 

relationship between the two processes. 
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1. INTRODUCTION 

The total fertility rate in Egypt has declined from 4.7 children per woman in 1988 to 3.9 in 1992; but the rate of 

decline has slowed down afterwards to reach 3.1 in 2005, 3 in 2008 and finally it started to rise again to reach 3.5 in 

2014 (Ministry of Health and Population et al. 2015). The existence of a relationship between increasing rates of 

female employment and fertility decline is explored by economists (Rindfuss et al. 2003). The economic theory has 

shown that the reciprocal relationship fertility and female employment. It also explored both of them are 

simultaneously determined by the same basic economic variables. More specifically, both female labor market 

participation and fertility are considered as choice variables that households choose simultaneously given their 

exogenous constraints (Engelhardt and Prskawetz 2004). Fertility and job market behavior are considered as 

interrelated choices since both strongly affect household time allocation. Female participation in the labor market is 

considered a main pathway to speeding fertility transition. Therefore, women employment is usually included 

among background variables used to study the differentials in fertility levels and patterns.  

The aim of this study is to examine the reciprocal relationship between Egyptian women’s employment and their 

fertility behavior in order to explore whether, and how, women’s employment can contribute to lowering the 

probability of births and, thus, pushing down Egypt total fertility rate. This is done through fitting a simultaneous 

hazard regression model for the two processes: birth events and employment events, allowing for unobserved 

heterogeneity to be correlated across the two processes. The study will be used the joint determinants of the hazard 

of having a fourth birth and of joining the labor market. The focus on the fourth birth is motivated by the interest in 

the pathway of Egyptian fertility to reaching replacement level. The study benefits from the availability of a unique 

data set, the 2012 round of the Egypt Labor Market Panel Survey [ELMPS-2012], which provides retrospectively 

information on birth and employment histories. 

The paper includes section2, the study objective which aim to examine the interactive relationship between Egyptian 

women’s employment and their fertility behavior. In section3, includes the proposed model and data. It explains the 

concept of simultaneous hazards model, literature review about the methodology, and we explore the proposed 

model according to our endogenous and exogenous variables. section4 includes   

 

2. STUDY OBJECTIVE 

Weller (1977) explains the negative link between fertility and female labor force participation, women’s fertility 

affects their labor force participation; women’s labor force participation affects their fertility; both women’s fertility 

and their labor force participation affect each other. There is a negative link between fertility and female 

employment (Schultz, 2005). Busso and Fonseca (2015) suggest there might be differing causal effects of fertility on 

female labor participation dependent on region and development level of each country in addition to other 

heterogeneous factors such as culture, religion, social norms, and gender roles. Bloom et al. (2009) finds a causal 
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effect for reductions in fertility to increases in female labor force participation rate for 97 countries from 1960 to 

2000. Adda et al. (2017) estimate a dynamic life-cycle model of job offer, fertility and savings, including career 

options. The paper analyzes the long-term effects of policies that encourage fertility and show that they are much 

smaller than the short-term effects. 

The aim of this study is to examine the interactive relationship between Egyptian women’s employment and their 

fertility behavior. The paper focuses on the risk of fourth birth and the risk of joining the labor market. The study is 

trying to identify the most important factors that have an impact on the decline of fertility and attention in the path of 

Egyptian fertility to reach the level of replacement. 

 

3. METHODS AND DATA  

The  concept  of simultaneous equations has  been  extended  quite  effectively  to  limited  and  qualitative  

dependent variable  models,  it was  rarely  applied  to  hazard  or  duration  (failure time) models until the 

development of simultaneous hazards model by Lillard (1993).  

Simultaneous hazards model have been used to investigate a wide variety of processes in different fields of research. 

Fitzgerald and Ribar (2003) studied whether welfare participation is directly related to longer periods of female 

headship of households. Baizan et al. (2003) explored the relations between the process and type of first union 

(cohabitation or marriages) and first child birth. Billari and Philipov (2004) concentrated on the interrelationship 

between the educational careers of women and the transition to motherhood (the influence of becoming a mother on 

the educational enrolment or the influence of leaving education on the transition to first birth). Aassve et al. (2006) 

followed an economic approach to analyzing poverty. The paper is specified a model of related dynamic discrete 

choices, where these are determined over childbearing, union formation, union dissolution, employment, and non-

employment. Musick (2007) studied the relationship between cohabitation and intended fertility, net of selection 

into marriage. Markus (2013) investigates the interrelated dynamics of employment, cohabitation and fertility for 

German women and men. The paper estimates a five-equation model with unobserved heterogeneity using a 

simultaneous hazards approach due to Lillard (1993). He found that, children reduce the hazard of taking up a job 

for women and reduce the hazard of becoming nonemployed for women and men.  Biewen and Stefanie (2016) 

analyze individual career transitions of men and women in Germany. They focus on the association of upward, 

downward and horizontal job changes with individual fertility. The paper focuses on potential rather than realized 

fertility, based on mixed multivariate proportional hazard models with competing risks. They find a significant 

negative relationship between the contemporaneous probability of having a child and horizontal career transitions 

for women, and a positive significant association of the hazard of parenthood with upward career transitions for 

men. The paper suggests clear gender differences in the relationship between career patterns and potential fertility. 

El Misery (2017) studies the interactive relation between woman employment and their fertility transition. He found 

that there is an endogeneity between woman work-entry and fertility behavior. Specifically, controlling for 

unobserved heterogeneity, transition to the third birth depresses the hazard of joining the labour market while a work 

entry event produces a significant decline in the hazard of the transition to the third birth. 

 

3.1. The Proposed Model 

Simultaneous hazards models are applied here to examine the related dynamic discrete choices, as the two 

endogenous variables are the fourth live birth, and work status change events. Each of the processes is identified as a 

hazard function, which is conditional, both on exogenous and endogenous covariates, as well as potentially 

correlated unobserved heterogeneity components. The set of hazards takes the following form: 

( ) ( ) ( ) ( ) BBEBB tXbtpbtEbtTbth ++++= 4321)(ln
  (1) 

( ) ( ) ( ) ( ) ( ) EBEEEE tPetPetXetBetTeth +++++= 54321)(ln
             (2) 

where, 

)(th B

is the hazard of having a birth. The paper is focused on the hazard of having the fourth birth. The unit of 

measurement of intervals is in discrete years. 

)(thE

is the hazard of work entry. Our interest in is the simultaneity of fertility and work, so our starting point is 

taken as the date of marriage.  

( )tT B

, and 
( )tT E

 are the baseline log hazards for birth, and work entry respectively that are assumed to be 

piecewise-linear (piecewise-Gompertz). The Gompertz model is a proportional hazards model. the slope is also the 

Gompertz slope.  
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( )tB is an endogenous binary variable taking value 1 if the individual has a specific birth at time t and is 0 

otherwise.  

( )tE is an endogenous binary indicator for working entry taking value 1 if the woman enters the work at time t and 

0 otherwise. 

( ) ,, , EBjtx
j

=
are vectors of exogenous covariates for birth and work entry processes; some of which are time 

varying covariates. 

)...( 21 ki bbbb =
, and 

)...( 21 ki eeee =
 are the coefficient parameters corresponding to the birth 

and work entry equations respectively. In general, it is easier to interpret the exponential of the estimated 

parameters, 
)( i

b
e

which is the relative change in the hazard when Xi increases by one unit. 

( )tp B

, and 
( )tp E

are the stock of the two events (parity) at time t;.Parity of birth is the number of children a 

woman has at time t, while parity of work entry reflects the number of intervals within which the woman had 

worked since the date of marriage.  

,B
and

E  are the random heterogeneity components for each process; birth and work entry respectively. These 

capture unobserved factors influencing each of the processes that are not picked up by the observed covariates. It is 

likely that there will be correlation between the unobserved heterogeneity terms across the two processes. For 

instance, 
( ),tB

in equation (2) is an outcome of the function 
( ),ln thB

which in turn depends on the unobserved 

heterogeneity component .B To allow for these numerous sources of correlation, the unobserved heterogeneity 

components are specified to have joint normal distribution: 

 

Where   BEEBEB  =
(3) 

 

  

 

 

By integrating out over the unobserved heterogeneity components, the observed completed durations and outcomes 

are independent, and can therefore be evaluated by maximum likelihood techniques. The model is fitted using full-

information maximum likelihood, as implemented in a Multilevel Multiprocess Statistical software package aML 

(Lillard and Panis 2000). 

 

3.2. Data 

Data used to fit the model comes from the 2012 round of the Egypt Labor Market Panel Survey [ELMPS-12], which 

provides detailed information on female employment and their birth histories. The ELMPS-2012 survey sample 

included birth histories for 9,337ever-married female respondents aged between 15 and 49 years. Among this 

sample, 1,886 women have one child ever born, 2,633 have two children, 2,088 have three and 2,659 have four or 

more children ever born.  

The hazard model for the risk of having a fourth birth is fitted using the sample of women who have given birth to at 

least three children. Those with exactly three children ever born are considered as censored cases. The model for the 

risk of employment is fitted using data on all ever-married women who have both work and birth histories. The 

survey also provides the information on the background variables and those needed to construct the required indices 

for the two sets of intermediate variables. Because month of reported events is missing in many cases, time is treated 

in discrete units of years. 

Demographic variables include number of sons, indicator of twins, woman’s age, and the number of children ever 

born. The intermediate variables include women empowerment, analyzed by household-based decision-making 

power, prior employment status, and job characteristics.  The job characteristic is created as a composite index of 

job stability of job, economic sector, social security, and working in or out in the establishment using. Factor 

analysis to construct the job quality index, which is then categorized into three levels: low, medium and high. Three 

other categories are then added to include women who never worked, women who previously worked but were not 

currently working, and women who do unpaid-work. Two factors are also extracted, the first is a general factor and 
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the other is child specific. Each of the two factors is categorized as a dichotomy to summarize women’s role in 

household-based decision-making.   

The paper is focused on only two processes: transition to employment and transition to the fourth birth.  Several of 

the variables are time-dependent variable; which means that their values could change with the passing of the 

analysis time. These include woman’s age, number of children ever-born, number of sons, indicator of twins, 

employment status (current and past), and the job characteristics index. 

 

4. RESULTS 

Using data from ELMPS-2012, the model proposed in section 3.1 is fitted in two stages. In the first stage, Equation 

(1) and Equation (2) are fitted separately.  In the second stage, the two equations are fitted simultaneously using 

AML. The results are shown in Table 1. 

4.1. Determinants of the Transition to the Third Birth for Women Who Were Non-Employed at Second Birth  

The first part in Table 1 displays the results of fitting the equation (1) of the proposed model separately in addition 

to the unobserved heterogeneity component and simultaneously with equation (2). In this case, the hazard that a 

woman who has three live births will have a fourth birth is modeled as a function of the set of background and 

intermediate variables. In Model 1, employment is treated as an exogenous variable that can affect the hazard of 

birth but is not affected by it. Model 2, the simultaneous model, treats employment as exogenous and allows for 

correlation between the unobserved heterogeneity in the two processes: fertility and employment. 

The first panel of Table 1 shows the baseline Gompertz hazard for the transition to the fourth birth. It shows that the 

hazard increases quickly after a period of low risk and then starts to decline; an inverted U-shape consistent with the 

biological factors determining birth interval lengths. The second panel, focusing on background and demographic 

variables. The third panel, focusing on intermediate variables, shows that more empowered women, as manifested in 

their decision-making power, are less likely to have a fourth birth. 

 

Table 1: Summary results for the piecewise-Gompertz hazard model for the simultaneous transition to the 

fourth birth and to employment, ELMPS-2012 

No of women=4400 

No of episodes=7250 

Variables 
Model 1:with heterogeneity 

Hazard Ratio 
( )


exp
 

Model 2: simultaneous 

Hazard Ratio 
( )


exp
 

I. Hazard of having fourth birth 

Baseline  hazard    

Intercept 0.105782** 0.078057** 

Baseline spline 0-<1 6.32025** 6.204669** 

Baseline spline 1-<2 3.014879** 3.573176** 

Baseline spline 2-<6 2.526135** 2.052619** 

Baseline spline 6+ 0.896533** 0.758615** 

Background variables 

Woman’s age 1.153216** 1.085075** 

Employment status   

Not employed (Reference) (Reference) 

Employed 0.504071** 0.70548** 

Socioeconomic variables   

Household wealth index   

Lowest quintile (Reference) (Reference) 

Second quintile 0.938569 0.93742 

Middle quintile 0.715177 0.715242 

Fourth quintile 0.596591** 0.773138** 

Highest quintile 0.394807** 0.638794** 

Woman’s highest level of education   

Illiterate                                                                               (Reference) (Reference) 

Primary or preparatory 0.871616 0.935145 

Secondary school or above intermediate 0.545318** 0.603166** 

University or above 0.340376** 0.459295** 
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Demographic variables   

Number of sons   

None (Reference) (Reference) 

One boy 0.948706 0.926435 

Two boys 0.576544** 0.818055** 

Indicator of twins   

No     (Reference) (Reference) 

Yes 0.468976** 0.628823** 

I. Hazard of having third birth  

Intermediate variables 

Job quality index   

Never worked (Reference) (Reference) 

Previously worked(not currently) 0.917884** 0.917627** 

Role in household-based decision making   

Decisions index   

Low (Reference) (Reference) 

High 0.559284** 0.770541** 

Child-related decisions index   

Low (Reference) (Reference) 

High 0.508261** 0.509608** 

Parity of employment 0.438716** 0. 62058** 

S. D. of unobserved heterogeneity terms(fertility) 0.284104** 0.046093** 

                    II. Hazard of employment 

Baseline  hazard  

Intercept 0.183041** 0.183013** 

Baseline spline 0-<1 0.08581** 0.935782** 

Baseline spline 1-<3 0.608916** 0.148888** 

Baseline spline 3-<4 0.449589** 0.449561** 

Baseline spline 4+ 0.613057** 0.613111** 

Background variables 

Socioeconomic variables 

Woman’s age 0.642659** 0.861051** 

Indicator of third birth 

No (Reference) (Reference) 

Yes 0.302168** 0.551356** 

Region of residence    

Greater Cairo                                                           (Reference) (Reference) 

Alexandria and the Suez Canal cities 0.719707 0.94045 

Urban Lower Egypt 0.849428** 0.844426** 

Urban Upper Egypt 0.659639** 0.650696** 

Rural Lower Egypt 0.569639** 0.564637** 

Rural Upper Egypt 0.262115** 0.367432** 

Household wealth index   

Lowest quintile (Reference) (Reference) 

Second quintile 0.932048 1.01215 

Middle quintile 1.132856** 1.137972** 

Fourth quintile 1.3739** 1.266011** 

Highest quintile 1.751893** 1.623205** 

First Husband’s educational level   

Illiterate (Reference) (Reference) 

Primary or preparatory 1.072918 1.024903 

Secondary school or above intermediate 1.434709** 1.344681** 

University or above 1.668042** 1.529014** 

Woman’s highest level of education   
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Illiterate                                                                               (Reference) (Reference) 

Primary or preparatory 0.658743 0.628915 

Secondary school or above intermediate 1.314318** 1.221126** 

University or above 1.575842** 1.575814** 

Demographic variables   

Indicator of twins   

No     (Reference) (Reference) 

Yes 0.672986** 0.815985** 

II. Hazard of employment  

Intermediate variables 

Job quality index   

Never worked (Reference) (Reference) 

Previously worked(not currently) 1.131153** 1.131705** 

Role in household-based decision-making   

Decisions index   

Low (Reference) (Reference) 

High 1.244014** 1.084409** 

Child-related decisions index   

Low (Reference) (Reference) 

High 1.281148** 1.160153** 

Parity of employment 1.460134** 1.21878** 

Parity of birth 0.241533** 0.777762** 

S. D. of unobserved heterogeneity terms(employment) 0.387931** 0.031174** 

III. Correlations between unobserved heterogeneity terms 

Fertility &Employment  -0.774543** 

** p-value < 0.05 

 

4.2. Determinants of the Transition to Employment Women Who Were Non-Employed at third Birth 

The second part of Table 1 shows the results of fitting separately the second equation of the proposed model. The 

hazard that a non-working woman will get employed is modeled as a function of the set of background and 

intermediate variables in addition to the unobserved heterogeneity component. In this case, fertility outcomes are 

treated as exogenous variable, which can affect the hazard of employment but is not affected by it. 

The results show that the baseline employment has an inverse U-shape. Soon after marriage, non-working women 

have low probability to join the labour force. Controlling for unobserved heterogeneity, the background and 

intermediate characteristics that depress the risk of moving to the fourth birth are the same that increases the 

probability of women employment, and vice versa. 

 

4.3. The Simultaneous Relationship between Transition to Fourth Birth and Employment 

In the second model of the analysis, moving to the more realistic scenario in which both fertility and employment 

are simultaneously determined; that is they are both endogenous to the model.  

The main difference between the two types of analysis appears when the focus is on the relationship of most interest 

to us: between fertility and employment. The reciprocal relationship between the two processes is found to be 

usually greater when the endogeneity is ignored. This is because when the two processes are fitted separately, 

feedback mechanisms appear as part of the direct effect of one process on the other. When the effect does not 

change largely between model 1 and model 2, this can be taken as indication that the two processes are not 

endogenous; the effect, if exists, mainly runs in one direction. 

In the simultaneous processes model, an employment event results in 29% decline in the risk of having a fourth 

birth. The corresponding effect estimated assuming that employment is exogenous is 50%. One unit increase in the 

employment parity is found to correspond to a 38% decline in the risk of having a fourth birth in the simultaneous 

model compared to 56% in the model when employment is treated as exogenous. The effects of the transition to the 

fourth birth and of birth parity on the hazard of employment are also magnified in the simultaneous model compared 

to the model when fertility is treated as exogenous to employment. An extra birth is associated with a 22% decline in 

the employment hazard according to the more realistic model compared to 76% in the model where fertility is 

treated as exogenous. The specific transition to a third birth is associated with a 45% decline in the simultaneous 

model compared to 70% in the separate model. 
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Comparing the simultaneous processes model to the two separate processes models also indicates that the standard 

deviation of the unobserved heterogeneity components tends to be smaller in the former than in the latter. When 

endogeneity is taken into consideration, a part of this tendency to move faster to the fourth birth could be attributed 

to the fact that women who are not inclined to get employed (or rather not encouraged to get employed) might 

decide to invest more in their reproduction role. Alternatively, women who choose to postpone the fourth child (or 

are forced due to low fecundability to do so) might choose to seek employment. This result, hence, demonstrates the 

endogeneity of the two processes. 

The last row of Table 1 shows a strong negative relationship between the unobserved heterogeneity components in 

the two processes. This means that women who are more prone to postpone bearing the fourth child are more likely 

to seek employment, and vice versa. This negative relationship between the risk of employment and the risk of 

having a fourth child comes on top of the three other explicit mechanisms that also introduce a negative relationship: 

the negative effect of each process on the other, the opposite effects of the common observed determinants, and the 

endogeneity feedback mechanism discussed in the previous paragraph. Treating the two processes separately could 

elucidate the effect due to the common determinants and, partially, the effect of the reciprocal relationship. Fitting a 

simultaneous processes model highlighted the extent of the reciprocal relationship and uncovered the effects due to 

the feedback mechanisms and to the correlated unobserved heterogeneity. 

 

 

5. Conclusions and Policy Implications 

This study is adopted an advanced statistical methodology that facilitates the elucidation of the reciprocal and 

simultaneous relationship between fertility and employment. Employment in jobs with better quality is associated 

with the postponement of the transition to the fourth birth, controlling for other common determinants including 

unobserved factors. Postponement of the fourth birth is associated with a higher likelihood of women employment, 

controlling for other common determinants including unobserved factors. There is a strong feedback mechanism 

between postponement of the fourth birth and women employment that suggest that the two decisions are 

endogenous; that is simultaneously made. There is a negative relationship between the unobserved components of 

the two processes of transition to fourth birth and transition to employment. This means that, controlling for the 

common determinants and the reciprocal relationship, women who tend to get employed are the same women who 

tend to postpone the fourth birth or stop at the third birth.   

The best set of policies are those that simultaneously address the two targets, such as programs that enhance 

women’s employ ability through training including life skills  and reproductive health promotion.  Such programs 

would benefit from exploiting the reinforcement mechanisms implicit in the reciprocal relationship and endogeneity 

of the two processes: transition to the fourth birth and transition to employment.   
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