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ABSTRACT 
 
Full Name : Dena Alhaloul 
Thesis Title : Exploring Fertility Dynamics in The MENA Region: 

Distribution, Determinants, and Temporal Trends 
Major Field : Applied Statistics 
Date of Degree : January 2024 
 
This thesis delves into fertility dynamics in the Middle East and North Africa 

(MENA), exploring distribution through spatial analysis and utilizing statistical 

tests. Regression and ARIMA time series models investigate temporal trends, while 

determinants like urbanization and female empowerment are studied. The study 

identifies the Generalized Extreme Value (GEV) distribution as applicable to Total 

Fertility Rates (TFR) across years. Spatial analysis reveals geographical variations, 

prompting exploration of factors influencing reproductive behaviors. Despite 

challenges, statistical models highlight the role of urbanization and female 

empowerment in shaping demographic patterns. Advocating an interdisciplinary 

approach, the study offers policymakers insights through spatial analysis, statistical 

modeling, and determinant exploration. Contributions to demography discourse 

and actionable insights for evidence-based policies address MENA's unique 

challenges. The study lays the groundwork for future research, emphasizing sub-

regional variations and global trends' impact on reproductive behaviors. Ongoing 

scientific exploration aligns with a commitment to understanding fertility dynamics 

for sustainable development. 
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 ةلاسرلا صخلم
 
 
 لولھلا انید :لماكلا مسلاا
 
 ،عیزوتلا :ایقیرفأ لامشو طسولأا قرشلا ةقطنم يف ةبوصخلا تایمانید فاشكتسا :ةلاسرلا ناونع

ةینمزلا تاھاجتلااو ،ةرثؤملا لماوعلاو            
 
 يقیبطتلا ءاصحلإا :صصختلا
 
 ٢٠٢٤ ریانی :ةیملعلا ةجردلا خیرات

 للاخ نم عیزوتلا فشكتست ثیح ،ایقیرفأ لامشو طسولأا قرشلا يف ةبوصخلا تایمانید ةلاسرلا هذھ لوانتت

 ةساردب ARIMA و عاجرتسلال ةینمزلا جذامنلا موقت .ةیئاصحلإا تارابتخلاا مادختساو ناكملا لیلحت

 ةقلطملا میقلا عیزوت ةساردلا ددحت .ةأرملا نیكمتو رضحتلا لثم لماوع ةسارد متی نیح يف ،ةینمزلا تاھاجتلاا

 يناكملا لیلحتلا فشكی .تاونسلا ربع (TFR) ةیلكلا ةبوصخلا تلادعم ىلع ھقیبطتل لباقك (GEV) ىربكلا

 مغرلا ىلع .ةیرثاكتلا تایكولسلا يف رثؤت يتلا لماوعلا فاشكتسا ىلع زفحی امم ،ةیفارغج تافلاتخا نع

 طامنلأا لیكشت يف ةأرملا نیكمتو رضحتلا ھبعلی يذلا رودلا ةیئاصحلإا جذامنلا زربت ،تایدحتلا نم

 يناكملا لیلحتلا للاخ نم تاسایسلا عانصل ىؤر ةساردلا مدقت ،تاصصختلا ددعتم جھنم معدب .ةیفارغومیدلا

 ةلباق ىؤر میدقتو ایفارغومیدلا راوحل تامھاسم میدقت .ةددحملا لماوعلا فاشكتساو ةیئاصحلإا ةجذمنلاو

 عضت .ةدیرفلا ایقیرفأ لامشو طسولأا قرشلا صرفو تایدحت عم لماعتت ةلدلأا ىلإ ةدنتسم تاسایسل ذیفنتلل

 ةیملاعلا تاھاجتلاا تاریثأتو ةیعرفلا ةیفارغجلا تاریغتلا ىلع دیكأتلا عم ،يلبقتسملا ثحبلل ساسلأا ةساردلا

 قیقحتل ةبوصخلا تایمانید مھف يف ينافتلا عم ةرمتسملا ةیملعلا تافاشكتسلاا قستت .ةیرثاكتلا تایكولسلا ىلع

 .ةمادتسملا ةیمنتلا
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CHAPTER 1 

 INTRODUCTION 

This chapter lays the foundation for the exploration into fertility dynamics in the Middle 

East and North Africa (MENA) region. Beginning with an overview of the region's 

geographical and cultural significance, it navigates through the historical tapestry, 

acknowledging the diverse landscapes and the interplay of ancient civilizations with 

contemporary challenges. The heart of the study, fertility dynamics, is introduced, 

emphasizing its multifaceted nature, the concept of demographic transition, and the tension 

between tradition and modernity in the MENA context. The chapter then unveils three 

pivotal research questions that guide the inquiry into the distribution, temporal trends, and 

determinants of fertility. It delineates the geographical and thematic scope of the study, 

discusses inherent limitations, and concludes by highlighting the study's empirical, 

methodological, and practical contributions. 

1.1 Background and Context: 

1.1.1 The MENA Region 

The Middle East and North Africa (MENA) region, a geographic and cultural crossroads 

between Asia, Europe, and Africa, has long captured the world's attention. Encompassing 

a diverse array of nations, each with its unique history, traditions, and socio-political 

landscape, the MENA region stands at the intersection of ancient civilizations and modern 

complexities. 
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Spanning from the Atlantic Ocean to the Arabian Sea, the MENA region is characterized 

by a rich tapestry of landscapes, ranging from the vast deserts of the Arabian Peninsula to 

the fertile valleys along the Nile River. This geographic diversity contributes to the region's 

economic activities, cultural practices, and challenges. 

With a history dating back millennia, the MENA region has been a cradle of civilization, 

witnessing the rise and fall of empires, the birth of major religions, and the development of 

advanced sciences and arts. The remnants of ancient civilizations, such as Mesopotamia 

and Egypt, coexist with the modern metropolises that have emerged in recent decades.  

Culturally, the MENA region is a mosaic of languages, religions, and traditions. The 

Islamic civilization, in particular, has left an indelible mark on the region, influencing art, 

architecture, philosophy, and governance. Beyond Islam, there exists a rich tapestry of 

Christian, Jewish, and other religious communities, each contributing to the region's 

cultural diversity. 

The MENA region has been a focal point of global geopolitics due to its strategic location 

and significant natural resources, particularly oil. The complex interplay of regional 

powers, historical conflicts, and socio-political movements has shaped the contemporary 

landscape, influencing governance structures, diplomatic relations, and societal norms. 

While the MENA region boasts tremendous cultural and historical wealth, it also faces a 

myriad of challenges, including political instability, economic disparities, and social 

tensions. At the same time, there are opportunities for growth, innovation, and positive 

transformation as nations in the region navigate the complexities of the modern world. 

This introduction merely scratches the surface of the multifaceted MENA region, setting 

the stage for a deeper exploration into its intricate tapestry of cultures, histories, and 
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contemporary dynamics. As we delve into the exploration of fertility dynamics within this 

diverse landscape, we embark on a journey to better understand the forces shaping the 

demographic landscape of the Middle East and North Africa. 

1.1.2 Fertility Dynamics 

Fertility dynamics, the study of patterns and changes in human reproduction within a 

population, constitutes a vital dimension of demographic research. It delves into the 

intricate interplay of biological, social, economic, and cultural factors that influence the  

decisions individuals and couples make regarding family size, timing of childbirth, and 

overall reproductive behavior. 

Fertility is a fundamental component of population dynamics, playing a pivotal role in 

shaping the size, structure, and composition of societies. The choices individuals make 

regarding when and how many children to have have far-reaching consequences for 

communities, nations, and the global demographic landscape. 

At its core, fertility dynamics reflect both biological and behavioral aspects of human 

reproduction. Biological factors include age, health, and physiological changes affecting 

fertility rates. Behavioral factors encompass cultural norms, societal expectations, 

educational attainment, and the evolving roles of women in the workforce. 

The study of fertility dynamics often involves analyzing temporal trends, exploring how 

fertility rates change over time. Many societies undergo a demographic transition, 

characterized by a shift from high to low fertility and mortality rates. Understanding these 

transitions is essential for predicting population growth, aging trends, and the associated 

social and economic implications. 
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Fertility dynamics exhibit significant variations across regions and countries. While some 

regions experience sustained high fertility rates, others have entered a stage of demographic 

transition marked by declining birth rates. These regional differences are influenced by 

cultural practices, economic development, healthcare infrastructure, and government 

policies. 

Fertility dynamics profoundly impact social and economic structures. High fertility rates 

may strain resources and social services, affecting issues such as education, healthcare, and 

employment opportunities. Conversely, low fertility rates can contribute to aging 

populations and pose challenges to workforce sustainability and economic growth. 

Governments and policymakers closely monitor fertility dynamics as they formulate 

strategies to address population-related challenges. Family planning programs, healthcare 

initiatives, and policies supporting work-life balance are often shaped by insights derived 

from fertility research. 

As we embark on an exploration of fertility dynamics in the MENA region, it becomes 

crucial to unravel the unique factors influencing reproductive behaviors in this context. The 

intersection of tradition and modernity, socio-economic dynamics, and cultural influences 

contributes to a distinctive fertility landscape worthy of careful examination and analysis. 

Through this study, we aim to contribute to the broader understanding of how fertility 

dynamics shape the demographic future of the Middle East and North Africa. 

1.1.3 Fertility Dynamics of MENA Region 

The Middle East and North Africa (MENA) region, characterized by its rich history, diverse 

cultures, and intricate geopolitical landscape, is undergoing a fascinating demographic 

transformation. Fertility dynamics, a critical aspect of this transformation, encapsulate the 
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complex interplay of cultural traditions, socio-economic changes, and evolving gender 

roles that collectively shape the reproductive behaviors of individuals and couples across 

the region. 

Fertility in the MENA region is deeply embedded in cultural and societal norms that have 

been passed down through generations. Family and kinship ties hold profound significance, 

influencing decisions related to marriage, childbearing, and the overall structure of the 

family unit. Understanding the cultural nuances surrounding fertility is paramount to 

comprehending the unique dynamics at play. 

The MENA region, characterized by a juxtaposition of tradition and modernity, experiences 

the dynamic tension between age-old customs and the pressures of a rapidly changing 

world. The impact of these influences on fertility choices is profound, as individuals 

navigate between societal expectations and emerging opportunities in education, career, 

and personal fulfillment. 

Rapid economic development in some parts of the MENA region has brought about shifts 

in lifestyle and employment patterns. As urbanization and globalization reshape societal 

structures, individuals are confronted with new challenges and opportunities that influence 

decisions regarding family size, timing of childbirth, and overall reproductive preferences. 

Education, particularly for women, has emerged as a powerful catalyst in shaping fertility 

dynamics. Increasing educational attainment among women in the region has been 

associated with delayed marriages and childbearing, as well as a reevaluation of traditional 

gender roles. These shifts contribute to the ongoing transformation of family structures. 

Access to healthcare, including reproductive health services and family planning initiatives, 

plays a pivotal role in fertility dynamics. Government policies and healthcare infrastructure 



 

6 
 

influence the availability and utilization of family planning resources, impacting the 

choices individuals make in managing their reproductive lives. 

The MENA region is not homogeneous in its fertility patterns. Variations exist across 

countries and communities, reflecting diverse social, economic, and cultural contexts. 

Exploring these differences is essential for a nuanced understanding of the factors 

influencing fertility dynamics in specific sub-regions. 

As we embark on an exploration of fertility dynamics in the MENA region, this study seeks 

to unravel the intricate tapestry of influences that shape reproductive behaviors. By 

shedding light on the complexities inherent in the intersection of tradition and modernity, 

we aim to contribute to a deeper understanding of the demographic landscape and its 

implications for the future of the Middle East and North Africa. 

1.2 Research Questions  

Research Question 1: What is the distribution of fertility rates in the MENA region? 

1.1. What is the distribution of fertility rate of MENA for each year from 1960 to 2021? 

1.2. How does fertility vary among different countries within the MENA region? 

Research Question 2: What is the temporal trend of fertility rates in MENA, and can it be 

characterized by a statistical model? 

2.1. Can we model the temporal trend using a statistical model, such as a time series analysis 

or a demographic model? 

2.2. How well does the chosen statistical model fit the observed fertility data, and what are 

the implications for future fertility trends in MENA? 

Research Question 3: What are the most significant determinants of fertility in MENA? 

3.1. How does education level influence fertility rates in the MENA region? 
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3.2. What is the impact of women's workforce participation on fertility decisions? 

3.3. To what extent do economic factors, such as income and employment opportunities, 

influence fertility rates? 

3.4 How can we regress the determinants to the fertility of MENA in the face of potential 

violation to some or all of the assumptions of linear regression? 

3.5 Does the model of fertility determinants in MENA differ from the rest of the world?  

1.3 Scope of the Study 

This research endeavors to provide a comprehensive analysis of fertility dynamics within 

the Middle East and North Africa (MENA) region, as delineated by the countries listed by 

the World Bank. The scope of the study encompasses an exploration of the factors 

influencing reproductive behaviors, including cultural norms, socio-economic conditions, 

educational attainment, and healthcare access. By focusing on the countries identified 

within the MENA region, the study aims to capture the unique and diverse demographic 

landscape of this geographically and culturally rich area. 

The research will employ a multifaceted approach to investigate temporal trends in fertility, 

examining both historical patterns and contemporary shifts. Additionally, the study will 

consider the influence of urbanization, economic development, and changing gender roles 

on fertility dynamics.  

1.4 Limitations of the Study 

While every effort will be made to conduct a thorough and insightful analysis, it is essential 

to acknowledge certain limitations inherent in this study: 
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§ Data Availability and Reliability: The study relies on the availability and reliability 

of demographic data from various sources. Discrepancies or gaps in the data may 

limit the precision of the analysis. 

§ Cultural Heterogeneity: The MENA region is characterized by a diverse array of 

cultures and subcultures. While the study aims to capture general trends, variations 

within individual countries and communities may not be fully represented. 

§ Governmental Policies: The impact of governmental policies on fertility dynamics 

is complex and multifaceted. Changes in policy effectiveness over time and 

differences in implementation across countries may pose challenges to a 

comprehensive assessment. 

§ Social and Economic Factors: Socio-economic conditions, though integral to 

fertility dynamics, are influenced by a multitude of factors beyond the scope of this 

study. While these factors will be considered, the analysis may not encompass all 

relevant variables. 

§ Regional Instabilities: The MENA region has experienced political and social 

instabilities that may affect demographic trends. The study will strive to account for 

these factors, but their unpredictable nature introduces a level of uncertainty. 

By recognizing these limitations, the study aims to maintain transparency and ensure a 

nuanced interpretation of the findings. Despite these constraints, the research seeks to 

contribute valuable insights into the intricate dynamics of fertility within the MENA region. 
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1.5 Significance and contribution of the study 

This research holds significant importance for several reasons, contributing to the 

understanding of fertility dynamics in the Middle East and North Africa (MENA) region 

and beyond:  

§ Empirical understanding: The distribution analysis provides empirical insights 

into the variations of fertility rates over time and among different countries in the 

MENA region. This contributes to the empirical foundation of demographic studies 

specific to the region. 

§ Modeling for precision: The application of statistical models not only aids in 

characterizing temporal trends but also enhances precision in predicting future 

fertility rates. The study's contribution lies in refining existing models or proposing 

new ones that suit the distinctive features of fertility dynamics in the MENA region. 

§ Identification of determinants: The study identifies and analyzes key 

determinants of fertility, offering a nuanced understanding of the factors influencing 

reproductive decisions. This information is valuable for policymakers, researchers, 

and practitioners seeking targeted interventions to address demographic challenges. 

§ Assumption evaluation in regression modeling: By addressing potential 

violations of linear regression assumptions in the regression analysis, the study 

contributes to methodological rigor. This consideration enhances the reliability and 

validity of the findings, providing a methodological contribution to the broader field 

of demographic research. 

§ Comparative global insight: The comparative analysis of fertility determinants in 

MENA against global models contributes to a broader understanding of whether the 
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factors influencing fertility in the region differ significantly from those observed 

worldwide. This comparative insight adds a valuable dimension to the global 

discourse on population dynamics. 

In summary, this study not only aims to answer specific research questions related to 

fertility dynamics in the MENA region but also provides a foundation for informed 

policymaking, contributes methodologically to demographic research, and offers valuable 

insights into the intricate interplay of cultural, social, and economic factors shaping 

reproductive behaviors in the MENA context. 
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2 CHAPTER 2 

LITERATURE REVIEW 

This literature review navigates the multifaceted terrain of fertility dynamics in the MENA 

region, shedding light on statistical distributions, methodological applications, estimation 

models, and the myriad factors influencing fertility patterns. 

2.1 Statistical Distribution of Fertility   

Understanding the distribution of fertility is fundamental to unraveling the intricacies of 

population dynamics. This section delves into the statistical underpinnings of fertility 

patterns, examining the tools and methodologies employed to characterize the variability 

and central tendencies of fertility rates across the MENA region. Findings in the literature 

collectively contribute to understanding the statistical distribution of fertility rates by 

exploring regional variations, employing analytical methods, and providing 

recommendations for sample sizes to enhance the reliability of fertility estimates. 

Pezzulo, et al. (2021) offered an extensive descriptive examination of the geographic 

variations in fertility rates within countries. The study identifies clusters of both high and 

low fertility that transcend national borders, shedding light on characteristic patterns and 

behaviors within each cluster.  The study found that TFR exhibited a range from below 

replacement (2.1 children per woman) in 36 out of the 932 subnational regions, 

predominantly situated in India, Myanmar, Colombia, and Armenia, to rates of 8 and above 

in 14 subnational regions located in sub-Saharan Africa and Afghanistan. Regions 
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characterized by high-fertility clusters were generally linked to low prevalence of women 

with secondary or higher education, limited contraceptive usage, and elevated unmet needs 

for family planning, with some exceptions. 

Argote (2007) employed the bootstrap method to generate the statistical distribution of the 

global fertility rate (GFR). For this study, data from the demography and health national 

survey of Bolivia in 1998 were utilized, as it represented the most recent fertility survey 

available until February 2005 and featured a stratified design. The Kolmogorov-Smirnov 

test applied to the statistical distribution of the global fertility rate did not provide sufficient 

evidence to reject the normality of the resampling distribution. While the global fertility 

rate serves as a biased estimator, its standardized bias is lower than the coefficient of 

variation, indicating consistency. The confidence intervals exhibit consistency and display 

a convergent trend. Despite the high probability that the GFR confidence interval, assuming 

normality, encompasses the parameter value, the bootstrap method facilitates more precise 

estimations. This method proves valuable for assessing sampling error and the bias inherent 

in estimations. 

Mishra, Singh, Singh, & Singh (2018) published a study that aims to determine an 

appropriate sample size for obtaining reliable fertility estimates using open-birth intervals 

in India. The analysis utilizes data from the National Family Health Survey (NFHS-3) for 

the states of Uttar Pradesh, Maharashtra, and Kerala. Treating the NFHS-3 data for these 

states as the population and the total fertility rate (TFR) values as parameters, samples of 

varying sizes are systematically selected through a simple random sampling procedure. The 

analysis of TFR distribution from these samples reveals a normal distribution pattern. A 

sample size of 700 is anticipated to yield a reliable TFR estimate when information on the 
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date of the last birth is considered for all three states. For Maharashtra, a sample size of 

1000 or more is recommended, specifically if information on births in the last year alone is 

considered, while for Uttar Pradesh and Kerala, sample sizes of 1200 and 1000, 

respectively, are suggested for TFR estimation. 

Pasupuleti and Chattopadhyay (2013) introduced a straightforward analytical framework, 

employing a series of analytical models, to ascertain the probability distributions of the 

number of children and maternal age at different-order births. The framework utilizes data 

on age-specific fertility rates categorized by birth order. Application of this framework 

includes the examination of cohort birth order-specific fertility schedules in India and its 

diverse regions, as well as the period birth order-specific fertility schedules of various 

countries such as the USA, Russia, and the Netherlands. Noteworthy findings from this 

analysis include: (1) the prevalence of primary infertility and higher maternal age at 

various-order births in North-east India compared to other regions in the country, and (2) a 

projection that over 30% of women in Hungary and Austria are anticipated to remain 

childless in the near future based on the persistent age-specific fertility rates by birth order 

in these countries. 

Following the confirmation that no literature delves into the statistical distribution of the 

MENA region and that there exists no overarching Total Fertility Rate (TFR) distribution 

suitable for application in the MENA context, an examination of various prevalent 

statistical distributions was undertaken. Among these, the General Extreme Values (GEV) 

distribution emerged as a significant contender, known for its widespread applications in 

statistics albeit with limited use. This prompted a more in-depth exploration of the GEV 

distribution through additional research. 
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2.2 Applications of Extreme Value Theory in Demography 

Extreme Value Theory (EVT) emerges as a powerful lens through which demographers 

scrutinize the tails of fertility distributions, capturing rare and extreme events. This section 

explores the applications of EVT in the realm of demography, unveiling its potential to 

explain outliers and understand the tail behavior of fertility rates. Additionally, the 

application of the Generalized Extreme Value (GEV) distribution, a cornerstone of EVT, 

is dissected to comprehend its role in modeling extreme fertility events within the MENA 

context.  

According to Medford and Vaupel (2019), in the field of demography, Extreme Value 

Theory (EVT) methods have traditionally seen limited use. This may appear somewhat 

unexpected because population studies often involve situations where the focus is on 

extreme events and infrequent values rather than averages or high-frequency occurrences. 

These situations include instances such as the lowest and highest birth rates, the most 

significant expected migration levels, and maximum lifespans. However, the limited 

adoption of EVT tools is not entirely surprising, as these models demand a more meticulous 

and effort-intensive implementation. Given their reliance on asymptotic principles, it is 

crucial to exercise caution when regarding them as precise results for finite data samples. 

Furthermore, in practical applications, these models can be seen as inefficient in their 

utilization of data, leading to criticism on these grounds. 

Up to the present time, the primary applications of EVT within the field of demography 

have primarily revolved around the exploration of maximum lifespans and lifespan limits. 

This research has encompassed work by scholars like Gumbel (1937, 1958), Aarssen and 

Haan (1994), Watts, et al. (2006), Hanayama and Sibuya (2015), Gbari, et al. (2017) and 



 

15 
 

Rootzén and Zholud (2017). Recently, notable applications have emerged, such as Medford 

(2017) modeling and projection of the Best Practice Life Expectancy (BPLE) line 

introduced by Oeppen and Vaupel (2002) using extreme value distributions. Basellini, 

Lenart, Canudas-Romo, and Lenart (2018) also found that these distributions were the best-

fitting models when applied to hazard rates at adult ages. Additionally, Canudas-Romo, 

Mazzuco, and  Zanotto (2018) employed EVT models to fit age-specific human mortality 

data. 

From the literature, it can be observed that there are very few sources that discussed the 

statistical distribution of fertility rates of the MENA region in particular. Hence, there is an 

opportunity for contribution. One of the objectives of this thesis is to identify the most 

suitable distribution of fertility in the MENA region. This exploration involves considering 

various common statistical distributions, including the GEV distribution. 

Following the identification of the statistical distribution of fertility in the MENA region, 

it is imperative to establish an estimation model for MENA fertility. This model will 

facilitate the estimation of the Total Fertility Rate (TFR) for future periods. 

2.3 Estimation Models of Fertility  

Navigating the intricacies of fertility estimation models is imperative to grasp the 

mechanisms that drive population growth or decline. This section critically examines 

diverse estimation models employed in fertility research, shedding light on their strengths, 

limitations, and applications. From classical models to innovative approaches, the goal is 

to discern the efficacy of these models in capturing the nuances of fertility trends over time.  

Several papers in the literature have delved into the discussion and proposition of models 

for estimating fertility and analyzing the distribution of fertility. In this context, Gaire and 
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Aryaf (2015) presented an Inverse Gaussian probability model aimed at capturing the 

distribution pattern of age-specific fertility rates among Nepalese mothers. The research 

reveals that the average age for childbearing is 26.12 years, with the initiation of 

childbearing observed at 15.82 years. The estimated total fertility rate (TFR) is computed 

at 2.60, closely aligning with the observed value of 2.6 per woman. The coefficient of 

determination and chi-square values indicate that the proposed model provides a robust fit 

to the data from Nepal Demographic and Health Surveys, highlighting its suitability for 

describing the fertility dynamics in the region. 

Islam, et al. (2014) endeavored to enhance Bongaarts' model by incorporating all fetal 

wastage, aiming to estimate a more accurate TFR. The research investigated the impact of 

proximate variables on fertility level changes in Bangladesh from 1975 to 2007. Data for 

the study were derived from Bangladesh Contraceptive Prevalence Surveys, Bangladesh 

Fertility Surveys, and Bangladesh Demographic and Health Surveys. Proximate 

determinants play a crucial role in shaping fertility levels within a society, and Bongaarts' 

model is a widely recognized approach for examining these determinants concerning the 

total fertility rate (TFR). However, Bongaarts' original model considers only induced 

abortion as a proximate variable for estimating fertility determinants, overlooking other 

significant factors like miscarriage and stillbirth. The revised model, which incorporates all 

fetal wastage, yielded a TFR estimate more closely aligned with the observed TFR (R² = 

0.98) compared to Bongaarts' original model (R² = 0.84). Furthermore, the contribution of 

abortion alone (Bongaarts' model) to TFR change was approximately 1 birth, while 

considering all fetal wastage (revised Bongaarts' model) resulted in an approximate change 

of 1.40 births per woman. The study findings indicate a declining trend in all proximate 
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indices over time, suggesting that the revised Bongaarts' model provides a more accurate 

estimation of TFR compared to the original Bongaarts' model. 

Alkema, et al. (2011) presented a Bayesian projection model designed to generate country-

specific forecasts of the total fertility rate (TFR) for all nations. This model dissects the 

TFR evolution into three stages: pre-transition high fertility, the fertility transition, and 

post-transition low fertility. Building upon the deterministic projection methodology of the 

United Nations Population Division, assuming eventual fertility decline below replacement 

level, this model captures the TFR decline as the sum of two logistic functions contingent 

on the current TFR level and a stochastic term. A Bayesian hierarchical model is employed 

to project future TFR, considering both the country's TFR history and the global pattern. 

The estimation is derived from United Nations estimates of historical TFR in all countries 

using a Markov chain Monte Carlo algorithm. The post-transition low fertility phase is 

modeled using an autoregressive approach, where long-term TFR projections converge to 

and oscillate around replacement level. The model's performance is assessed through out-

of-sample projections for the periods since 1980 and 1995, demonstrating effective 

calibration. 

Peristera and Kostaki (2007) introduced a flexible model designed to describe both 

traditional and contemporary fertility patterns, with empirical evaluations conducted on 

various fertility schedules to assess its adequacy. This is because the age-specific fertility 

pattern, traditionally uniform across human populations over time, has recently exhibited 

deviations in developed countries. Current datasets from the United Kingdom, Ireland, and 

the US reveal anomalies characterized by a surge in fertility rates among younger women. 

Moreover, in nations with distorted fertility, the first-birth pattern displays a pronounced 
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hump at younger ages, surpassing that of the overall fertility pattern. This heterogeneity 

observed in recent fertility distributions in European countries and the US may be linked to 

factors such as marital status, religion, educational level, and variations in social and 

economic conditions. In the US, ethnic differences in the timing and number of births could 

contribute to this heterogeneity. Existing models struggle to capture this new fertility 

pattern, emphasizing the need for more suitable representations.  

Singh, Singh, and Chaurasia (2021) presented a simple model that relies on the first and 

second moments of the age distribution among currently married women of reproductive 

age, offering a reasonably dependable estimate of TFR in India. The proposed model is:  

TFR = 38.717(CV) – 10.381 where (CV) is the coefficient of variation.  Information 

concerning the age of currently married women in their reproductive years is consistently 

gathered and managed at the community level by healthcare service providers. 

Consequently, the proposed methodology in this paper can be applied to gauge TFR at the 

grassroots level. This application will aid in assessing and overseeing fertility transitions at 

the local level, enhancing the connection with the community. 

Kaloyanov (2011) investigated the fertility patterns among women in Bulgaria by involving 

an analysis of age-specific fertility rate distributions. An employment of all four statistical 

distribution parameters: the arithmetic mean, standard deviation, coefficient of asymmetry, 

and coefficient of excess kurtosis was used to achieve this analysis. Schmertmann and 

Hauer (2019) explored a contemporary statistical method as an alternative to the traditional 

deterministic approach for demographic estimation. They formulated a Bayesian model to 

represent the statistical distribution of TFR based on the population's age-sex composition. 

In this model, the unknown demographic variables in the conventional estimation are 
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treated as parameters with prior probability distributions. They put this model into practice 

through two case studies: the first focusing on a small indigenous population in the Amazon 

region of Brazil characterized by exceptionally high fertility rates, and the second 

encompassing 159 counties within the state of Georgia, USA. The statistical approach 

provides valuable insights into the origins of errors in indirect estimation and their relative 

magnitudes. 

The above papers collectively contribute to the understanding of fertility dynamics, offering 

diverse models and methodologies for fertility estimation and analysis. 

2.4 Factors affecting fertility of MENA 

This section explores the determinants shaping fertility rates. From economic shifts and 

cultural norms to healthcare policies and environmental considerations, we unravel the 

multifaceted influences that define the fertility landscape in the MENA region. By 

synthesizing existing research, we seek to provide a comprehensive understanding of the 

factors steering fertility dynamics. The recent literature presents a comprehensive 

exploration of factors influencing fertility across the Middle East and North Africa 

(MENA) region.  

Awad (2014) investigated the factors contributing to the recent decline in fertility across 

Gulf Cooperation Council (GCC) countries, focusing on the United Arab Emirates (UAE) 

as a case study. Utilizing data from the 2008 UAE Household Expenditure Survey, the 

research employs a Poisson fertility count model to analyze determinants of fertility. 

Contrary to expectations, economic factors related to the costs and benefits associated with 

raising children do not emerge as significant determinants, attributed to the substantial 

social insurance provided by the UAE Government. Furthermore, the study finds that labor 
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market participation, by either gender, does not exert a pivotal influence on fertility in the 

UAE. Key factors driving the fertility decline include delayed marriages or first births and 

increased female education levels. Additional contributors encompass marriages between 

UAE national males and foreign females, along with extended childbirth intervals. 

Conversely, larger household residences and the presence of domestic workers exhibit a 

positive correlation with fertility rates. 

Lari and Al-Rakeb (2019) investigated the socioeconomic factors influencing fertility rates 

and preferences among Qatari women and their policy implications. Utilizing data from a 

2018 fertility survey involving 607 Qatari households, collected through computer-assisted 

personal interviews, a multidimensional model was employed for analysis. Logistic and 

Poisson regression techniques were applied to interpret the findings. The results reveal an 

average fertility rate of 3.2 among Qatari women, with those in the 20–29 age group 

exhibiting the highest fertility rate. Notably, women's educational attainment and 

employment status did not emerge as significant factors affecting age-specific fertility rates. 

Family planning method usage was more prevalent among older women with higher parity. 

The paper concludes by providing family-friendly policy recommendations for addressing 

the declining fertility rate among Qatari women, aligning with sustainable development 

goals related to national reproductive health. 

Islam, Dorvlo, and Al-Qasmi (2011) utilized recent national survey data and Bongaarts' 

framework of the proximate determinants of fertility to explore the factors contributing to 

the substantial fertility decline in Oman. The fertility rate in Oman has witnessed a 

significant decline, plummeting from a high of 8.6 births per woman in 1988 to 4.8 births 

per woman in 2000. This remarkable decrease, constituting a 44% reduction in total fertility 
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over twelve years, occurred without the implementation of an official national family 

planning program. The findings highlight that a reduction in the age-specific proportions 

of married women, coupled with an increase in contraceptive usage, stands out as the 

primary mechanisms driving the decline in fertility. Factors such as women's education and 

employment appear to play a role in encouraging couples to postpone marriage, adopt 

modern family planning methods, and subsequently reduce marital fertility. 

Al-Kandari (2007) investigated the impact of certain sociocultural variables on the fertility 

of Kuwaiti women. A questionnaire was distributed to a randomly selected sample of 7749 

married women, aged 15-78 years, from 10 primary health care clinics in Kuwait. The 

recorded fertility rate was 3.58 live births per woman. Fertility exhibited higher rates among 

Sunni Muslim women, those of Bedouin ethnicity, and those in consanguineous marriages 

(P < 0.001). Notably, there was a significant negative correlation between fertility and the 

respondents' educational level, occupation, age at marriage, socioeconomic status, and type 

of marriage (consanguineous or not). Conversely, a positive correlation was observed 

between fertility and the respondents' age and family income. 

Sabermahani, Goudarzi, and Nasiri  (2017) examined the most significant factors affecting 

the fertility rate in Iran, considering the impact of various time periods on population 

changes. This descriptive-analytic study utilized a combination of cross-sectional and time 

series data (panel data) extracted from 1966 to 2013, covering Iran's 24 provinces. Data 

sources included statistical yearbooks from the Statistical Center of Iran and the 

Organization of Civil Registration. The findings revealed that variables such as marriage, 

women's education level, unemployment, population policies, Sunni population, economic 

policies, and annual household expenses influenced the fertility rate. According to the 
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research results, marriage and women's education level had the most positive and most 

negative effects on the fertility rate, respectively. Unemployment, family planning policies, 

cash subsidy policies, and total annual household expenses had inverse effects on the 

fertility rate. Policies related to cash subsidies and the Sunni population showed positive 

effects on the fertility rate.  

Aboulghasem Pourreza et al (2021) published almost the only study that addressed the 

fertility rates in MENA. The aim of their study is to find the most critical factors affecting 

the fertility rate decline in MENA region. They identified these factors in five different 

categories which are health care-related, economic, cultural, social, and political. The 

health care factors are mostly related to the use of contraception. The cultural factors are 

mainly concern with the postponement of marriage or childbirth and the impact of religion. 

Economic factors included costs of child-raising, inflation, and rates of women’s 

employment. Social factors are concerned with level of education and women’s 

employment. Finally, political factors included mainly governments’ support for family 

planning. This study addressed only the factors that affect the decline of fertility rates in 

MENA. Also, some of the factors were overlapping like the factors in social and cultural 

categories.  

Taher (2020) published another relevant paper that investigated the factors affecting the 

Tunisian fertility rates over the period from 1960 to 2015 using multivariant regression 

model. The result has concluded that the main reason for the decrease in fertility rates in 

Tunisia is the development of the education system after the independence. The paper has 

also confirmed that education, economic growth, urbanization, political stability, 
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expanding women’s rights in term of education and employment are factors affecting the 

decline of fertility rates in Tunisia.  

Buyukkececi and Engelhardt (2021) compared the relationship between fertility and 

development in Western countries with the MENA region, where fertility rates are higher 

than in other regions with identical levels of development. The findings show that fertility 

and development were positively correlated for only a short period in Western countries 

and that the relationship became negative again in recent years. Results also show that there 

is no significant correlation between fertility and development in MENA countries. These 

findings indicate that the well-acknowledged theories of fertility and development are not 

applicable in every context. 

All major long-term global population forecasts concur on the ongoing decrease in fertility 

rates, leading to a diminishing growth rate of population size that is anticipated to approach 

zero and eventually become negative as fertility rates fall further below death rates 

(Arenberg, et al., 2022). Nkaly (2021) investigated the impact of environmental pollution 

and socio-economic aspects on fertility rate in MENA and two other regions from 1970 to 

2019. The study showed that the total fertility rate of MENA is negatively affected by 

environmental pollution (such as CO2 emissions) while it has positive effect on Southeast 

Asian Nations. This indicates that factors can have different effects on different regions. 

However, it can be observed from the literature that there are very few sources that 

discussed the fertility rates of the MENA region in specific. 

These studies collectively contribute to a nuanced understanding of fertility dynamics in 

the MENA region, highlighting the interplay of economic, sociocultural, and environmental 

factors. However, it can be observed that there is a gap in the study of the determinates 
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affecting fertility rate in MENA as the only study that addressed this topic only focused on 

the factors affecting the fertility rate negatively.  

After reviewing the literature, this research embarks on a comprehensive exploration of 

fertility dynamics in the MENA region, addressing three pivotal questions. The next chapter 

examines the spatial nuances of fertility rates, unraveling the distribution patterns of MENA 

region. Moving forward, the fourth chapter meticulously analyzes the temporal trends of 

fertility, employing sophisticated statistical models to characterize the evolving nature of 

reproductive behaviors over time. Finally, the fifth chapter delves into the determinants of 

fertility, spotlighting the key factors that significantly shape the reproductive landscape in 

the MENA region. Together, these chapters weave a thorough narrative, advancing our 

understanding of fertility complexities from geographical, temporal, and causal 

perspectives. 
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3 CHAPTER 3 

DISTRIBUTION OF FERTILITY RATES IN MENA 

Unlike biology where fertility is defined as the ability to conceive a child, in demography, 

fertility represents the output or product of reproduction (Frank, 2022). Fertility in 

demography is measured by fertility rate which is the number of children born alive to 

women proportional to the average annual population of women (Fertility Rate, 2021). 

Fertility rate is important because it helps to estimate how a population is growing, 

shrinking, or stabilizing over time. It can also help predict other demographic shifts, such 

as the future distributions within a population (Moran, 2020). 

While the field of demography provides various fertility metrics, the most commonly 

utilized indicator today is the Total Fertility Rate (TFR). The TFR represents the average 

number of births a woman would have if she were to go through her reproductive years 

(typically ages 15 to 49) and give birth at the rates observed during a specific year or period 

(Bongaarts & Feeney, 1998). This metric is hypothetical in nature since it is not based on 

the actual experiences of any specific group of women and does not guarantee that these 

precise rates will be encountered in reality. The Total Fertility Rate (TFR) offers the 

advantage of assessing present fertility, providing current and relevant insights into fertility 

levels and trends. Additionally, the TFR's popularity is partly due to its straightforward 

interpretation, which sets it apart from other metrics. 

Fertility rates of countries in the Middle East and North Africa (MENA) as a group of 

countries is interesting. These countries have characteristics in common such as religion, 
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language, culture, political stability, etc. Islam is certainly the main religion in almost all 

the MENA territories. (Middle East-North Africa Overview, 2009). Arabic is the most 

spoken language in MENA region. Economically, most of the countries in MENA region 

are economically stable due to vast reserves of oil and natural gas. The MENA region has 

60% of the world's oil reserves according to the Oil and Gas Journal (2009). On the other 

hand, politically, the region is the least peaceful in the world according to the Global Peace 

Index rankings (Global Peace Index 2022: Measuring Peace in a Complex World, 2022).  

The geographical scope of the MENA region includes 21 countries according to the World 

Bank ( Middle East and North Africa (MENA) Regional Update, 2021). These countries in 

alphabetical order are: Algeria, Bahrain, Djibouti, Egypt, Iraq, Iran, Israel, Jordan, Kuwait, 

Lebanon, Libya, Malta, Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, United Arab 

Emirates, West Bank and Gaza, and Yemen. 

As shown in Figure 3-1 below, the average Total Fertility Rate of MENA region has been 

declining from 7 to 2.7 during the period 1960 to 2021 (Fertility rate, total (births per 

woman) - Middle East & North Africa, 2023).  
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Figure 3-1 MENA Average TFR 1960-2021 
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Analyzing the statistical distribution of fertility rates in the Middle East and North Africa 

(MENA) region is important for a variety of reasons: 

§ Demographic Trends: Fertility rates are a key demographic indicator that provides 

insights into population dynamics. Analyzing fertility rate distributions can help 

researchers and policymakers understand trends in population growth, aging, and 

the overall demographic structure of the region. 

§ Policy Planning: Fertility rates influence a wide range of policies, including those 

related to healthcare, education, social services, and labor markets. Understanding 

the distribution of fertility rates is essential for effective policy planning and 

resource allocation. 

§ Economic Impact: Fertility rates have a significant impact on economic 

development. High fertility rates can strain resources and limit economic growth, 

while low fertility rates can lead to population aging and workforce challenges. 

Analyzing fertility rate distributions helps in assessing the economic implications 

and planning labor force. 

§ Healthcare Services: High fertility rates can place demands on healthcare systems, 

particularly in terms of maternal and child health. By analyzing fertility rate 

distributions, healthcare providers can anticipate and address the healthcare needs 

of the population. 

§ Family Planning: Understanding the distribution of fertility rates is crucial for 

family planning programs. It helps in identifying regions or communities where 

family planning services are most needed and tailoring interventions accordingly. 
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In summary, analyzing the statistical distribution of fertility rates in the MENA region is 

crucial for informed decision-making, policy formulation, and addressing various socio-

economic and demographic challenges. It provides valuable insights into the region's 

population dynamics and helps in planning for the future.  

3.1 Methodology 

3.1.1 Data Collection 

To accomplish the objective of this study, the first phase is data collection. The research 

will utilize publicly available demographic databases and reports from the World Bank. 

The assembled data will include data on fertility rates for MENA region and for countries 

in MENA region separately.  Next, extrapolation will be used to fill the missing data. Some 

of the countries like the West Bank and Gaza has recorded fertility starting 1990 only while 

other countries in MENA have recorded fertility rates since 1960. Extrapolation will be 

used to fill the missing fertility rates for the West Bank and Gaza from 1960 to 1990. 

Extrapolation involves extending or projecting existing trends or patterns beyond the range 

of observed data. In this case, the known data from Yemen are used to make predictions 

about TFR in West Bank and Gaza for a period (1960-1990) that is outside the range of 

directly observed data. 

Quadratic regression extrapolation is a statistical method used to model and predict the 

relationship between variables when a quadratic (second-degree) polynomial equation is 

deemed to be a good fit for the data. The fitted regression equation is then used for 

extrapolation, where different values of the year is substituted to predict the corresponding 

TFR. Here's an overview of the method: 
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§ Quadratic Regression Model: Fit a quadratic regression model to the available data 

of Yemen. A quadratic regression equation has the form: y = ax2 + bx + c 

In this equation, y represents the dependent variable (TFR), x is the independent 

variable (time in this case), and a, b, and c are coefficients. 

§ Curve Fitting: The quadratic regression model aims to find the coefficients that best 

fit the observed data points. The resulting quadratic equation represents the curve 

that best fits the trend in the available data. 

§ Extrapolation: Once the quadratic equation is established, it will be used to predict 

values beyond the observed range. The quadratic equation will be applied to 

estimate TFR values for West Bank and Gaza for the period 1960-1990. 

3.1.2 Data Analysis 

The second phase is data analysis where descriptive statistics will be used to summarize 

and visualize fertility rate data, including measures of central tendency and dispersion. To 

identify the distribution of fertility rate in MENA, first, summary statistics of the TFR in 

MENA of each year from 1960 to 2021 will be calculated. Summary statistics, including 

the mean, median, variance, kurtosis, and skewness, play a fundamental role in 

understanding the statistical distribution of a dataset. They provide a concise and 

informative snapshot of the dataset's central tendency, spread, shape, and the outlier 

presence. Here's how each of these summary statistics contributes to understanding the 

distribution (Casella & Berger, 2002): 

§ Central Tendency (Mean and Median): The mean is a measure of central 

tendency. It represents the arithmetic average of the dataset. It provides information 

about where the "center" of the data is located. If the mean is significantly different 
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from the median, it may indicate skewness or the presence of outliers in the data. 

The median is another measure of central tendency, specifically the middle value 

when the data is ordered. It is robust to outliers and resistant to extreme values, 

making it a good indicator of the dataset's center even when outliers are present. 

Comparing the mean and median can help detect skewness or asymmetry in the 

distribution. 

§ Variance (Spread/Dispersion): Variance measures the spread or dispersion of data 

points around the mean. A higher variance indicates greater data spread, while a 

lower variance suggests that data points are closer to the mean. Variance helps 

understand the variability or consistency in the dataset. 

§ Skewness (Asymmetry): Skewness measures the asymmetry of the data 

distribution. Positive skewness indicates a right-skewed distribution, where the tail 

on the right (larger values) of the median is longer. Negative skewness, on the 

contrary, indicates a left-skewed distribution, where the tail on the left (smaller 

values) is longer. Skewness helps identify the direction and degree of skew in the 

data. 

§ Kurtosis (Peakedness or Tailedness): Kurtosis quantifies the shape of the 

distribution by measuring how the tails of the distribution compare to the tails of a 

normal distribution. More specifically, Excess Kurtosis will be measured. 

Excessive kurtosis indicates that the distribution of event’s outcomes exhibits 

numerous occurrences of outlier results, leading to wider tails on the bell-shaped 

distribution curve. Positive kurtosis (leptokurtic) indicates heavier tails than a 

normal distribution, while negative kurtosis (platykurtic) indicates lighter tails. 



 

32 
 

Excess kurtosis helps identify whether the data distribution is more or less peaked 

and tailed than a normal distribution. 

In addition to the summary statistics, the data will be visualized using histograms and 

smoothed empirical density polygons. While summary statistics provide a quantitative 

summary of the data, visualizations in the form of histograms and smoothed empirical 

density polygons offer a complementary and often essential way to gain a deeper 

understanding of the data's distribution, detect patterns, and communicate findings 

effectively. Together, they provide a more comprehensive view of the dataset, assisting in 

data exploration, hypothesis testing, and model selection. A histogram is a bar chart that 

describes a frequency distribution while a smoothed empirical density polygon visually 

represents this probability as the area under a section of a curve (Kaplan, Gabrosek, Curtiss, 

& Malone, 2014). 

After the summary statistics and visualization of the distribution, statistical tests for 

common distributions are used to confirm the distribution of the fertility rate of MENA 

countries for each year. First, each year is tested for unimodal distribution to check the need 

for bimodal or multi-modal distributions. The Dip test will be used to test for Unimodality.  

Introduced by Hartigan and Hartigan (1985), the The Dip Test for Unimodality is a 

statistical test used to assess whether a given sample is unimodal (i.e., has a single mode) 

or multimodal (has more than one mode). The test is based on the depth function, which 

quantifies how far a point is from the modes of the distribution.   

§ Dip Statistic:The Dip Test is based on the dip statistic, which is a measure of the 

maximum difference between the empirical distribution function (EDF) and a 
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unimodal distribution function. The dip statistic is calculated by comparing the EDF 

with its best unimodal fit. 

§ The null hypothesis of the Dip Test is that the data are unimodal. The test involves 

comparing the observed dip statistic with those obtained from many random 

samples drawn from a unimodal distribution. If the observed dip is significantly 

larger than those from the simulated samples, then the null hypothesis of 

unimodality is rejected. 

§ P-Value: The p-value of the Dip Test indicates the probability of obtaining a dip 

static as extreme as the observed one under the assumption of unimodality. A small 

p-value suggests that the data might not be unimodal. A rejection of the null 

hypothesis suggests that there is evidence against unimodality, indicating a 

multimodal distribution. 

The Dip Test is nonparametric and distribution-free, making it applicable to a wide range 

of data types. It is particularly useful for detecting deviations from unimodality in an 

exploratory data analysis context. 

If unimodality is confirmed, the data will be tested for common symmetric and skewed 

distributions like Normal, Log-normal, Gamma, Weibull and Generalized Extreme Values 

distributions. Each year will be compared to common distributions to be able to find the 

distribution that fit all the years. For consistency and comparison purposes, all distributions 

will be tested using Kolmogorov-Smirnov test.  

According to Feller (1971), The Kolmogorov-Smirnov (KS) test is a non-parametric test 

used to assess whether a sample comes from a specific probability distribution. The test is 
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based on the cumulative distribution function (CDF) of the theoretical distribution and the 

empirical distribution function (EDF) of the sample. 

§ Null Hypothesis (H0): The null hypothesis of the KS test assumes that the sample is 

drawn from a specific continuous distribution. 

§ Alternative Hypothesis (H1): The alternative hypothesis is that the sample is not 

drawn from the specified distribution. 

§ Test Statistic (D): The KS test statistic (D) is calculated as the maximum absolute 

difference between the empirical distribution function (EDF) of the sample and the 

cumulative distribution function (CDF) of the theoretical distribution. The formula 

is given by: D = max∣Fn(x)−F(x)∣	where Fn(x) is the empirical distribution function, 

F(x) is the cumulative distribution function of the theoretical distribution, and max 

denotes the maximum absolute difference over all data points. 

§ Critical Value: The critical value for the test depends on the chosen significance 

level (commonly denoted as α), which determines the probability of rejecting the 

null hypothesis when it is true. 

§ Decision Rule: If the test statistic D is greater than the critical value, the null 

hypothesis is rejected. If D is less than or equal to the critical value, there is 

insufficient evidence to reject the null hypothesis. 

The KS test is applicable to a wide range of continuous distributions, and it is particularly 

useful when the distribution is unknown or not assumed to follow a specific parametric 

form. It is important to note that the KS test is sensitive to differences in location, scale, 

and shape of distributions, making it a versatile tool for distributional comparisons. 

However, it may lack power in certain situations, especially when sample sizes are small.  
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According to Kotz and Nadarajah (2002), Extreme value theory constitutes a distinct 

statistical branch focusing on rare and extreme events. Its foundation rests on the extremal 

types theorem, also known as the three types theorem, which asserts that there are just three 

fundamental distribution types necessary to model the maximum or minimum values 

among a set of random observations originating from the same distribution. To put it 

differently, if you generate N datasets from an identical source distribution and form a new 

dataset comprising the maximum values from these N datasets, this resultant dataset can be 

accurately represented by one of the three primary models - namely, the Gumbel, Fréchet-

type, and Weibull-type distributions. These models, in the Generalized Extreme Value 

family of distribution, find extensive application in fields such as risk management, finance, 

insurance, economics, hydrology, material sciences, telecommunications, and various other 

industries that grapple with extreme events. 

The Generalized Extreme Value (GEV) distribution, originating from extreme value theory, 

amalgamates the Gumbel, Fréchet-type, and Weibull-type distribution families, which are 

also referred to as the Type I, II, and III extreme value distributions. These are families of 

continuous probability distributions. According to the extreme value theorem, the GEV 

distribution represents the sole possible marginal distribution for the properly standardized 

maximum values obtained from a set of independent and identically distributed random 

variables. It is worth noting that this requires the presence of a specific marginal distribution 

and a regularity condition at the distribution's tail. Nevertheless, the GEV distribution is 

frequently employed as an approximation when modeling the maximum values of lengthy 

(though finite) sequences of random variables. 
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The Generalized Extreme Value (GEV) distribution is a versatile three-parameter model 

that unifies the Gumbel, Fréchet-type, and Weibull-type distributions for modeling extreme 

values. It has the following PDF: 

𝑓(𝑥) = (

1
𝜎 	𝑒𝑥𝑝 -−	

(1 + 𝑘𝑧)!" #$ 2 (1 + 𝑘𝑧)!"!" #$ 					𝑘 ≠ 0
1
𝜎
	𝑒𝑥𝑝5−𝑧	 − 𝑒𝑥𝑝(−𝑧)6																																				𝑘 = 0

 

where z = (x-μ)/σ, and k, σ, μ are the shape, scale, and location parameters respectively. 

The shape and location can take on any real value however the scale must be positive (σ > 

0). The range of definition of the GEV distribution depends on shape k: 

1 + 	𝜅 (𝑥	 − 𝜇)𝜎 > 0					𝑓𝑜𝑟			𝑘 ≠ 0
−∞ < 𝑥 < +∞											𝑓𝑜𝑟		𝑘 = 0

 

3.2 Results  

3.2.1 Data Collection 

For the first phase, the MENA TFR data was collected from the World Bank. Figure 3-2 

shows the TFR of MENA countries separately from 1960 to 2021. In 2021, the three highest 

fertility rates were reported in Yemen (3.9), West Bank and Gaza (3.6), and Iraq (3.6) while 

the lowest fertility rates were reported in UAE (1.5), Iran (1.7), and Qatar (1.8). In Table 

3-1 , the highlighted values represent the extrapolated values for West Bank and Gaza, as 

the TFR for this country is only available starting from 1990.  The missing values (NA) in 

the original dataset have been filled in by assigning values that form a quadratic progression 

between the nearest available TFR. In the original dataset, there are missing values between 

years 1960 and 1989, and then the sequence of values is provided starting from 1990. The 

extrapolation fills in the missing values with a quadratic progression, creating a continuous 
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sequence. The transformed dataset shows a smooth transition from the last available value 

before the missing section to the first available value after the missing section.  
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Figure 3-2 TFR of MENA Countries 
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3-1  MENA Average TFR and TFR of Each Country 

Y
ea

r 

A
ve

ra
ge

 
T

FR
 

U
A

E
 

B
ah

ra
in

 
D

jib
ou

ti 

A
lg

er
ia

 

E
gy

pt
 

Ir
an

 

Ir
aq

 

Is
ra

el
 

Jo
rd

an
 

K
uw

ai
t 

L
eb

an
on

 

L
ib

ya
 

M
or

oc
co

 

M
al

ta
 

O
m

an
 

Pa
le

st
in

e 

Q
at

ar
 

Sa
ud

i 
A

ra
bi

a 
Sy

ri
a  

T
un

is
ia

 

Y
em

en
 

19
60

 

6.
95

 

6.
72

 

7.
15

 
6.

83
 

7.
50

 

6.
79

 
7.

30
 

5.
30

 

3.
87

 

7.
67

 
7.

16
 

5.
82

 

7.
37

 
7.

04
 

3.
62

 

7.
25

 
7.

20
 

6.
65

 

7.
63

 

7.
49

 
6.

94
 

7.
94

 

19
61

 

6.
98

 

6.
68

 

7.
12

 
6.

83
 

7.
56

 

6.
78

 
7.

23
 

5.
80

 

3.
86

 

7.
77

 
7.

21
 

5.
81

 

7.
45

 
7.

07
 

3.
27

 

7.
25

 
7.

20
 

6.
66

 

7.
63

 

7.
43

 
6.

97
 

7.
96

 

19
62

 

7.
05

 

6.
66

 

7.
10

 
6.

84
 

7.
61

 

6.
76

 
7.

22
 

6.
87

 

3.
85

 

7.
85

 
7.

25
 

5.
80

 

7.
55

 
7.

09
 

3.
24

 

7.
25

 
7.

28
 

6.
67

 

7.
64

 

7.
44

 
6.

99
 

7.
96

 

19
63

 

7.
03

 

6.
62

 

7.
07

 
6.

84
 

7.
65

 

6.
72

 
7.

18
 

6.
90

 

3.
84

 

7.
92

 
7.

30
 

5.
78

 

7.
70

 
7.

00
 

2.
90

 

7.
26

 
7.

35
 

6.
69

 

7.
65

 

7.
44

 
7.

01
 

7.
98

 

19
64

 

7.
01

 

6.
57

 

7.
06

 
6.

85
 

7.
67

 

6.
64

 
7.

13
 

6.
93

 

3.
83

 

7.
99

 
7.

31
 

5.
72

 

7.
82

 
6.

97
 

2.
79

 

7.
26

 
7.

42
 

6.
69

 

7.
67

 

7.
47

 
7.

02
 

8.
04

 

19
65

 

6.
97

 

6.
52

 

7.
00

 
6.

85
 

7.
68

 

6.
52

 
7.

11
 

6.
95

 

3.
81

 

8.
08

 
7.

33
 

5.
65

 

7.
91

 
6.

93
 

2.
52

 

7.
27

 
7.

48
 

6.
72

 

7.
66

 

7.
51

 
7.

10
 

8.
07

 

19
66

 

6.
94

 

6.
49

 

6.
92

 
6.

85
 

7.
67

 

6.
43

 
7.

08
 

6.
97

 

3.
80

 

8.
09

 
7.

34
 

5.
57

 

7.
99

 
6.

90
 

2.
33

 

7.
28

 
7.

54
 

6.
74

 

7.
66

 

7.
55

 
7.

05
 

8.
13

 

19
67

 

6.
91

 

6.
49

 

6.
83

 
6.

85
 

7.
67

 

6.
36

 
7.

05
 

7.
00

 

3.
79

 

8.
11

 
7.

32
 

5.
49

 

8.
02

 
6.

84
 

2.
24

 

7.
28

 
7.

59
 

6.
67

 

7.
66

 

7.
58

 
6.

96
 

8.
17

 

19
68

 

6.
87

 

6.
50

 

6.
70

 
6.

85
 

7.
66

 

6.
29

 
6.

97
 

7.
05

 

3.
79

 

8.
12

 
7.

26
 

5.
38

 

8.
05

 
6.

78
 

2.
12

 

7.
29

 
7.

63
 

6.
61

 

7.
63

 

7.
60

 
6.

84
 

8.
20

 

19
69

 

6.
82

 

6.
49

 

6.
56

 
6.

85
 

7.
65

 

6.
20

 
6.

90
 

7.
10

 

3.
78

 

8.
13

 
7.

14
 

5.
28

 

8.
08

 
6.

72
 

2.
02

 

7.
29

 
7.

67
 

6.
55

 

7.
60

 

7.
67

 
6.

69
 

8.
22

 

19
70

 

6.
74

 

6.
49

 

6.
43

 
6.

86
 

7.
64

 

6.
12

 
6.

71
 

7.
08

 

3.
78

 

8.
11

 
6.

95
 

5.
17

 

8.
10

 
6.

68
 

2.
03

 

7.
31

 
7.

70
 

6.
48

 

7.
58

 

7.
69

 
6.

52
 

8.
24

 

19
71

 

6.
66

 

6.
47

 

6.
28

 
6.

86
 

7.
60

 

6.
03

 
6.

51
 

7.
06

 

3.
77

 

8.
09

 
6.

76
 

5.
04

 

8.
13

 
6.

61
 

2.
06

 

7.
35

 
7.

73
 

6.
41

 

7.
56

 

7.
65

 
6.

36
 

8.
26

 

19
72

 

6.
56

 

6.
45

 

6.
13

 
6.

85
 

7.
55

 

5.
97

 
6.

25
 

7.
01

 

3.
77

 

8.
06

 
6.

56
 

4.
93

 

8.
10

 
6.

53
 

2.
01

 

7.
41

 
7.

75
 

6.
33

 

7.
54

 

7.
61

 
6.

26
 

8.
30

 

19
73

 

6.
48

 

6.
40

 

5.
96

 
6.

82
 

7.
49

 

5.
89

 
6.

11
 

6.
96

 

3.
70

 

8.
02

 
6.

38
 

4.
81

 

8.
07

 
6.

47
 

1.
65

 

7.
50

 
7.

77
 

6.
27

 

7.
48

 

7.
56

 
6.

19
 

8.
30

 



 

40 
 

19
74

 

6.
43

 

6.
33

 

5.
79

 
6.

80
 

7.
44

 

5.
84

 
6.

04
 

6.
93

 

3.
63

 

7.
96

 
6.

22
 

4.
69

 

8.
02

 
6.

37
 

1.
64

 

7.
62

 
7.

78
 

6.
18

 

7.
43

 

7.
51

 
6.

11
 

8.
34

 

19
75

 

6.
39

 

6.
26

 

5.
62

 
6.

77
 

7.
37

 

5.
80

 
6.

01
 

6.
88

 

3.
55

 

7.
89

 
6.

09
 

4.
56

 

7.
96

 
6.

27
 

2.
27

 

7.
75

 
7.

78
 

6.
10

 

7.
37

 

7.
47

 
6.

03
 

8.
40

 

19
76

 

6.
37

 

6.
21

 

5.
46

 
6.

73
 

7.
31

 

5.
77

 
6.

14
 

6.
81

 

3.
48

 

7.
81

 
5.

98
 

4.
42

 

7.
90

 
6.

14
 

2.
21

 

7.
86

 
7.

78
 

6.
00

 

7.
33

 

7.
44

 
5.

94
 

8.
44

 

19
77

 

6.
33

 

6.
16

 

5.
31

 
6.

69
 

7.
23

 

5.
74

 
6.

20
 

6.
75

 

3.
41

 

7.
71

 
5.

85
 

4.
31

 

7.
82

 
6.

00
 

2.
14

 

7.
94

 
7.

77
 

5.
91

 

7.
30

 

7.
41

 
5.

77
 

8.
50

 

19
78

 

6.
31

 

6.
09

 

5.
15

 
6.

65
 

7.
14

 

5.
72

 
6.

33
 

6.
69

 

3.
35

 

7.
58

 
5.

70
 

4.
20

 

7.
71

 
5.

87
 

2.
05

 

7.
99

 
7.

76
 

5.
79

 

7.
26

 

7.
35

 
5.

51
 

8.
52

 

19
79

 

6.
32

 

6.
03

 

4.
97

 
6.

61
 

7.
06

 

5.
70

 
6.

53
 

6.
63

 

3.
30

 

7.
43

 
5.

54
 

4.
09

 

7.
58

 
5.

80
 

2.
10

 

8.
04

 
7.

74
 

5.
66

 

7.
23

 

7.
27

 
5.

29
 

8.
67

 

19
80

 

6.
26

 

5.
95

 

4.
80

 
6.

55
 

6.
95

 

5.
58

 
6.

58
 

6.
57

 

3.
24

 

7.
27

 
5.

39
 

4.
03

 

7.
22

 
5.

73
 

1.
99

 

8.
10

 
7.

72
 

5.
51

 

7.
19

 

7.
16

 
5.

11
 

8.
71

 

19
81

 

6.
18

 

5.
81

 

4.
64

 
6.

49
 

6.
81

 

5.
44

 
6.

56
 

6.
51

 

3.
19

 

7.
10

 
5.

23
 

3.
98

 

7.
02

 
5.

65
 

1.
87

 

8.
13

 
7.

69
 

5.
38

 

7.
13

 

7.
01

 
5.

05
 

8.
75

 

19
82

 

6.
11

 

5.
65

 

4.
54

 
6.

44
 

6.
64

 

5.
37

 
6.

55
 

6.
45

 

3.
13

 

6.
93

 
5.

05
 

3.
89

 

6.
83

 
5.

55
 

1.
90

 

8.
10

 
7.

66
 

5.
21

 

7.
05

 

6.
88

 
4.

91
 

8.
79

 

19
83

 

6.
03

 

5.
48

 

4.
44

 
6.

39
 

6.
44

 

5.
33

 
6.

51
 

6.
39

 

3.
11

 

6.
77

 
4.

85
 

3.
79

 

6.
63

 
5.

35
 

1.
92

 

8.
02

 
7.

62
 

5.
06

 

6.
95

 

6.
74

 
4.

79
 

8.
83

 

19
84

 

5.
92

 

5.
31

 

4.
32

 
6.

33
 

6.
22

 

5.
24

 
6.

44
 

6.
33

 

3.
08

 

6.
61

 
4.

61
 

3.
70

 

6.
44

 
5.

15
 

1.
95

 

7.
90

 
7.

58
 

4.
88

 

6.
84

 

6.
61

 
4.

67
 

8.
85

 

19
85

 

5.
78

 

5.
13

 

4.
28

 
6.

26
 

5.
98

 

5.
16

 
6.

26
 

6.
25

 

3.
06

 

6.
46

 
4.

32
 

3.
59

 

6.
24

 
4.

96
 

1.
95

 

7.
76

 
7.

53
 

4.
73

 

6.
70

 

6.
48

 
4.

52
 

8.
86

 

19
86

 

5.
62

 

5.
01

 

4.
22

 
6.

22
 

5.
63

 

5.
07

 
6.

01
 

6.
18

 

3.
03

 

6.
32

 
4.

05
 

3.
50

 

6.
02

 
4.

75
 

1.
93

 

7.
58

 
7.

47
 

4.
61

 

6.
55

 

6.
33

 
4.

36
 

8.
86

 

19
87

 

5.
43

 

4.
90

 

4.
09

 
6.

17
 

5.
33

 

4.
99

 
5.

69
 

6.
10

 

3.
01

 

6.
12

 
3.

80
 

3.
43

 

5.
79

 
4.

54
 

1.
97

 

7.
37

 
6.

97
 

4.
54

 

6.
36

 

6.
13

 
4.

10
 

8.
83

 

19
88

 

5.
24

 

4.
79

 

3.
97

 
6.

12
 

5.
06

 

4.
87

 
5.

39
 

6.
02

 

2.
95

 

5.
93

 
3.

63
 

3.
40

 

5.
53

 
4.

33
 

2.
06

 

7.
14

 
6.

90
 

4.
49

 

6.
17

 

5.
89

 
3.

85
 

8.
79

 

19
89

 

5.
05

 

4.
67

 

3.
90

 
6.

06
 

4.
83

 

4.
69

 
5.

11
 

5.
94

 

2.
89

 

5.
73

 
3.

47
 

3.
39

 

5.
26

 
4.

14
 

2.
10

 

6.
87

 
6.

89
 

4.
37

 

6.
00

 

5.
63

 
3.

59
 

8.
71

 

19
90

 

4.
88

 

4.
54

 

3.
76

 
5.

98
 

4.
56

 

4.
48

 
4.

86
 

5.
88

 

2.
82

 

5.
48

 
3.

32
 

3.
30

 

4.
97

 
4.

02
 

2.
02

 

6.
61

 
6.

78
 

4.
18

 

5.
83

 

5.
38

 
3.

47
 

8.
61

 



 

41 
 

19
91

 

4.
69

 

4.
25

 

3.
59

 
5.

88
 

4.
39

 

4.
30

 
4.

51
 

5.
81

 

2.
76

 

5.
29

 
3.

18
 

3.
19

 

4.
67

 
3.

94
 

1.
99

 

6.
34

 
6.

72
 

3.
88

 

5.
66

 

5.
12

 
3.

32
 

8.
46

 

19
92

 

4.
50

 

4.
09

 

3.
52

 
5.

77
 

4.
26

 

4.
25

 
4.

08
 

5.
72

 

2.
70

 

5.
11

 
3.

07
 

3.
08

 

4.
38

 
3.

81
 

2.
07

 

6.
05

 
6.

63
 

3.
77

 

5.
49

 

4.
95

 
3.

18
 

8.
27

 

19
93

 

4.
30

 

3.
82

 

3.
42

 
5.

66
 

4.
06

 

4.
10

 
3.

68
 

5.
64

 

2.
80

 

4.
96

 
2.

99
 

2.
97

 

4.
11

 
3.

61
 

1.
96

 

5.
76

 
6.

50
 

3.
74

 

5.
32

 

4.
83

 
3.

02
 

8.
05

 

19
94

 

4.
11

 

3.
77

 

3.
26

 
5.

53
 

3.
85

 

3.
97

 
3.

27
 

5.
53

 

2.
90

 

4.
81

 
3.

00
 

2.
87

 

3.
86

 
3.

47
 

1.
84

 

5.
47

 
6.

34
 

3.
66

 

5.
14

 

4.
72

 
2.

86
 

7.
80

 

19
95

 

3.
89

 

3.
27

 

3.
13

 
5.

34
 

3.
46

 

3.
84

 
2.

89
 

5.
40

 

2.
90

 

4.
66

 
3.

05
 

2.
78

 

3.
64

 
3.

33
 

1.
77

 

5.
19

 
6.

18
 

3.
57

 

4.
95

 

4.
57

 
2.

67
 

7.
53

 

19
96

 

3.
69

 

3.
23

 

3.
01

 
5.

15
 

3.
14

 

3.
73

 
2.

57
 

5.
29

 

2.
90

 

4.
51

 
3.

06
 

2.
74

 

3.
44

 
3.

22
 

1.
99

 

4.
90

 
6.

00
 

3.
50

 

4.
77

 

4.
43

 
2.

51
 

7.
02

 

19
97

 

3.
54

 

3.
06

 

2.
94

 
4.

96
 

2.
90

 

3.
65

 
2.

33
 

5.
24

 

2.
94

 

4.
34

 
2.

97
 

2.
66

 

3.
27

 
3.

12
 

1.
93

 

4.
62

 
5.

82
 

3.
43

 

4.
59

 

4.
28

 
2.

36
 

6.
83

 

19
98

 

3.
43

 

2.
91

 

2.
89

 
4.

78
 

2.
71

 

3.
62

 
2.

20
 

5.
15

 

2.
98

 

4.
16

 
2.

88
 

2.
60

 

3.
11

 
3.

01
 

1.
84

 

4.
34

 
5.

70
 

3.
34

 

4.
42

 

4.
18

 
2.

22
 

6.
64

 

19
99

 

3.
32

 

2.
79

 

2.
87

 
4.

67
 

2.
62

 

3.
52

 
2.

10
 

5.
06

 

2.
97

 

4.
04

 
2.

79
 

2.
55

 

2.
97

 
2.

87
 

1.
73

 

4.
13

 
5.

58
 

3.
27

 

4.
25

 

4.
08

 
2.

10
 

6.
51

 

20
00

 

3.
23

 

2.
73

 

2.
78

 
4.

58
 

2.
57

 

3.
44

 
2.

02
 

4.
95

 

2.
95

 

3.
92

 
2.

74
 

2.
50

 

2.
85

 
2.

80
 

1.
68

 

3.
89

 
5.

44
 

3.
23

 

4.
12

 

4.
00

 
2.

05
 

6.
32

 

20
01

 

3.
15

 

2.
62

 

2.
66

 
4.

50
 

2.
51

 

3.
39

 
1.

94
 

4.
84

 

2.
92

 

3.
85

 
2.

72
 

2.
46

 

2.
97

 
2.

72
 

1.
48

 

3.
69

 
5.

32
 

3.
18

 

3.
91

 

4.
01

 
2.

00
 

6.
11

 

20
02

 

3.
07

 

2.
54

 

2.
69

 
4.

38
 

2.
46

 

3.
32

 
1.

87
 

4.
71

 

2.
89

 

3.
83

 
2.

69
 

2.
41

 

2.
91

 
2.

67
 

1.
45

 

3.
50

 
5.

19
 

3.
04

 

3.
71

 

3.
95

 
1.

97
 

5.
94

 

20
03

 

3.
02

 

2.
49

 

2.
73

 
4.

25
 

2.
48

 

3.
26

 
1.

82
 

4.
62

 

2.
95

 

3.
84

 
2.

69
 

2.
35

 

2.
86

 
2.

63
 

1.
48

 

3.
35

 
5.

02
 

2.
91

 

3.
50

 

3.
90

 
1.

98
 

5.
82

 

20
04

 

2.
98

 

2.
38

 

2.
71

 
4.

11
 

2.
51

 

3.
18

 
1.

80
 

4.
58

 

2.
90

 

3.
80

 
2.

69
 

2.
27

 

2.
81

 
2.

60
 

1.
40

 

3.
20

 
4.

94
 

2.
75

 

3.
34

 

3.
86

 
1.

98
 

5.
71

 

20
05

 

2.
94

 

2.
20

 

2.
62

 
3.

99
 

2.
56

 

3.
15

 
1.

78
 

4.
48

 

2.
84

 

3.
78

 
2.

66
 

2.
20

 

2.
77

 
2.

57
 

1.
38

 

3.
05

 
4.

84
 

2.
58

 

3.
24

 

3.
81

 
1.

98
 

5.
58

 

20
06

 

2.
92

 

2.
07

 

2.
46

 
3.

86
 

2.
60

 

3.
11

 
1.

77
 

4.
44

 

2.
88

 

3.
80

 
2.

60
 

2.
16

 

2.
70

 
2.

56
 

1.
36

 

2.
92

 
4.

72
 

2.
43

 

3.
21

 

3.
76

 
1.

98
 

5.
43

 

20
07

 

2.
91

 

1.
99

 

2.
29

 
3.

72
 

2.
68

 

3.
12

 
1.

77
 

4.
37

 

2.
90

 

3.
85

 
2.

52
 

2.
11

 

2.
65

 
2.

55
 

1.
35

 

2.
81

 
4.

61
 

2.
34

 

3.
18

 

3.
70

 
1.

99
 

5.
27

 



 

42 
 

20
08

 

2.
89

 

1.
92

 

2.
17

 
3.

59
 

2.
75

 

3.
10

 
1.

77
 

4.
34

 

2.
96

 

3.
89

 
2.

42
 

2.
08

 

2.
60

 
2.

55
 

1.
43

 

2.
81

 
4.

50
 

2.
28

 

3.
06

 

3.
61

 
2.

01
 

5.
13

 

20
09

 

2.
88

 

1.
85

 

2.
09

 
3.

49
 

2.
81

 

3.
11

 
1.

77
 

4.
36

 

2.
96

 

3.
84

 
2.

34
 

2.
09

 

2.
56

 
2.

58
 

1.
42

 

2.
84

 
4.

41
 

2.
18

 

2.
95

 

3.
51

 
2.

05
 

4.
99

 

20
10

 

2.
90

 

1.
79

 

2.
05

 
3.

39
 

2.
84

 

3.
21

 
1.

77
 

4.
43

 

3.
03

 

3.
78

 
2.

26
 

2.
13

 

2.
60

 
2.

59
 

1.
36

 

2.
94

 
4.

38
 

2.
09

 

2.
85

 

3.
40

 
2.

11
 

4.
86

 

20
11

 

2.
92

 

1.
72

 

2.
09

 
3.

31
 

2.
88

 

3.
25

 
1.

80
 

4.
54

 

2.
98

 

3.
68

 
2.

20
 

2.
16

 

2.
65

 
2.

61
 

1.
45

 

2.
94

 
4.

27
 

2.
04

 

2.
81

 

3.
28

 
2.

19
 

4.
74

 

20
12

 

2.
95

 

1.
67

 

2.
16

 
3.

24
 

2.
96

 

3.
34

 
1.

89
 

4.
48

 

3.
05

 

3.
56

 
2.

17
 

2.
17

 

2.
68

 
2.

60
 

1.
42

 

2.
93

 
4.

16
 

1.
97

 

2.
78

 

3.
22

 
2.

22
 

4.
63

 

20
13

 

2.
97

 

1.
60

 

2.
16

 
3.

18
 

2.
96

 

3.
42

 
1.

96
 

4.
38

 

3.
03

 

3.
44

 
2.

15
 

2.
17

 

2.
72

 
2.

59
 

1.
36

 

2.
95

 
4.

08
 

1.
93

 

2.
74

 

3.
17

 
2.

24
 

4.
53

 

20
14

 

2.
97

 

1.
55

 

2.
16

 
3.

11
 

3.
00

 

3.
44

 
2.

04
 

4.
28

 

3.
08

 

3.
31

 
2.

16
 

2.
18

 

2.
75

 
2.

55
 

1.
38

 

2.
96

 
4.

04
 

1.
90

 

2.
69

 

3.
10

 
2.

25
 

4.
43

 

20
15

 

2.
95

 

1.
49

 

2.
13

 
3.

07
 

3.
04

 

3.
44

 
2.

05
 

4.
09

 

3.
09

 

3.
18

 
2.

16
 

2.
18

 

2.
71

 
2.

53
 

1.
37

 

2.
96

 
4.

05
 

1.
86

 

2.
64

 

3.
05

 
2.

25
 

4.
32

 

20
16

 

2.
87

 

1.
44

 

2.
07

 
3.

01
 

3.
05

 

3.
20

 
2.

07
 

3.
90

 

3.
11

 

3.
08

 
2.

16
 

2.
18

 

2.
67

 
2.

45
 

1.
37

 

2.
95

 
3.

94
 

1.
83

 

2.
59

 

2.
99

 
2.

24
 

4.
21

 

20
17

 

2.
84

 

1.
42

 

2.
01

 
2.

97
 

3.
05

 

3.
15

 
2.

07
 

3.
73

 

3.
11

 

3.
03

 
2.

16
 

2.
17

 

2.
63

 
2.

45
 

1.
26

 

2.
94

 
3.

81
 

1.
84

 

2.
58

 

2.
94

 
2.

22
 

4.
11

 

20
18

 

2.
78

 

1.
36

 

1.
93

 
2.

93
 

3.
02

 

3.
10

 
1.

97
 

3.
66

 

3.
09

 

2.
97

 
2.

17
 

2.
15

 

2.
58

 
2.

42
 

1.
23

 

2.
88

 
3.

71
 

1.
85

 

2.
55

 

2.
89

 
2.

17
 

4.
04

 

20
19

 

2.
70

 

1.
33

 

1.
86

 
2.

89
 

2.
99

 

3.
00

 
1.

77
 

3.
60

 

3.
01

 

2.
92

 
2.

16
 

2.
13

 

2.
54

 
2.

38
 

1.
14

 

2.
78

 
3.

64
 

1.
83

 

2.
50

 

2.
84

 
2.

15
 

3.
96

 

20
20

 

2.
66

 

1.
46

 

1.
83

 
2.

85
 

2.
94

 

2.
96

 
1.

71
 

3.
55

 

2.
90

 

2.
87

 
2.

14
 

2.
10

 

2.
51

 
2.

35
 

1.
13

 

2.
69

 
3.

57
 

1.
82

 

2.
47

 

2.
80

 
2.

11
 

3.
89

 

20
21

 

2.
63

 

1.
46

 

1.
81

 
2.

80
 

2.
89

 

2.
92

 
1.

69
 

3.
50

 

3.
00

 

2.
83

 
2.

11
 

2.
09

 

2.
46

 
2.

33
 

1.
14

 

2.
62

 
3.

50
 

1.
80

 

2.
43

 

2.
75

 
2.

09
 

3.
80

 

 
  



 

43 
 

3.2.2 Data Analysis 

For the second phase, summary statistics are summarized in Table 3-2. 

§ Central Tendency (Mean and Median): For MENA TFR, the mean and median 

values of fertility rates generally decrease over the years, indicating a general 

downward trend in fertility. The mean values range from 6.70145 in 1960 to 

2.47681 in 2021, while the median values decrease from 7.096 in 1960 to 2.462 in 

2021. 

§ Variance (Spread/Dispersion): For MENA TFR in Table 3-2, the variance 

generally decreases over time. This suggests that fertility rates became less variable 

or more consistent across the years. That is, together with the mean and median 

TFR, total fertility is consistently decreasing across the years. 

§ Skewness (Asymmetry): The negative skewness values throughout the years 

indicate a left-skewed distribution. This means that the distribution is tilted to the 

left, and there may be a tail of lower fertility rates. For MENA TFR in Table 3-2, 

the skewness values started negative but increase over time towards symmetry. 

§ Excess Kurtosis (Peakedness or Tailedness): The positive excess kurtosis values 

imply that the distribution has heavier tails than a normal distribution. This means 

there may be more outliers or extreme values in the dataset than those in the normal 

distribution. 

Overall, these summary statistics indicate a consistent and notable decline in fertility rates 

over the years. The data initially had a left-skewed and leptokurtic distribution, suggesting 

that the distribution was skewed to the left with heavier tails. However, the skewness and 
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kurtosis values changed over time, indicating a trend towards a more symmetrical and less 

heavy-tailed distribution.  
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3-2 Summary Statistics of MENA Average TFR 

Year Mean Median Variance Skewness Kurtosis 
1960 6.70145 7.096 1.398924 -1.510634 1.203526 
1961 6.717 7.0975 1.48116 -1.666591 1.900775 
1962 6.78125 7.092 1.473107 -1.82878 2.459905 
1963 6.77155 7.0385 1.638971 -1.862077 2.69342 
1964 6.7713 7.038 1.728376 -1.819263 2.613312 
1965 6.75815 7.048 1.891896 -1.817682 2.712682 
1966 6.7423 7.011 2.014634 -1.807109 2.755652 
1967 6.7183 6.976 2.08227 -1.765803 2.667792 
1968 6.6833 6.913 2.156103 -1.731612 2.620642 
1969 6.64425 6.873 2.229365 -1.673721 2.49552 
1970 6.59725 6.782 2.240649 -1.573314 2.218039 
1971 6.5436 6.6855 2.248706 -1.450784 1.87747 
1972 6.4816 6.5485 2.288771 -1.361198 1.664278 
1973 6.40115 6.4325 2.497962 -1.391586 1.834998 
1974 6.34285 6.352 2.542224 -1.302613 1.559033 
1975 6.32115 6.2645 2.304398 -0.9921218 0.5636214 
1976 6.2686 6.1735 2.381467 -0.9395611 0.4369969 
1977 6.20685 6.179 2.462255 -0.8766802 0.3141956 
1978 6.1331 6.2125 2.535449 -0.825549 0.2106705 
1979 6.0762 6.2805 2.588664 -0.7051206 -0.0099739 
1980 5.9811 6.2505 2.636249 -0.6488725 -0.0289797 
1981 5.8874 6.1515 2.689095 -0.5858032 -0.0168156 
1982 5.7928 6.047 2.682494 -0.4713995 -0.1225436 
1983 5.68885 5.934 2.657912 -0.354168 -0.1905326 
1984 5.5734 5.7625 2.627896 -0.2243659 -0.2549846 
1985 5.4467 5.5675 2.598226 -0.1026287 -0.2610852 
1986 5.3102 5.3475 2.554948 0.01740649 -0.2073045 
1987 5.16325 5.158 2.476894 0.1630443 -0.1333586 
1988 5.0176 4.965 2.373382 0.32241 -0.0158934 
1989 4.86625 4.7555 2.282055 0.4659788 0.1449278 
1990 4.801619 4.556 2.315042 0.4453412 -0.0668245 
1991 4.631 4.386 2.272204 0.557349 -0.02614085 
1992 4.487667 4.253 2.162208 0.6544165 0.006393016 
1993 4.332714 4.059 2.078479 0.7027873 -0.000729743 
1994 4.185095 3.846 1.974954 0.7157817 -0.014534 
1995 4.005286 3.573 1.897606 0.7503564 -0.0755433 
1996 3.861 3.439 1.655701 0.7363266 -0.361282 
1997 3.725667 3.265 1.592662 0.7431834 -0.3328266 
1998 3.60319 3.109 1.53021 0.7411363 -0.3032297 
1999 3.498048 2.97 1.4942 0.7480384 -0.2430621 
2000 3.406714 2.95 1.411835 0.7427126 -0.2501465 
2001 3.323286 2.971 1.35533 0.6583823 -0.3037501 
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2002 3.24281 2.911 1.26752 0.6572747 -0.2846647 
2003 3.186143 2.906 1.171976 0.6831115 -0.2104475 
2004 3.119381 2.808 1.138583 0.6962019 -0.1779394 
2005 3.050143 2.765 1.091827 0.7011479 -0.2179794 
2006 2.990571 2.699 1.048888 0.6728668 -0.3335299 
2007 2.940857 2.677 1.001972 0.6288629 -0.4663583 
2008 2.903 2.753 0.944894 0.6225888 -0.5648566 
2009 2.865857 2.813 0.9054508 0.5864396 -0.6436752 
2010 2.850286 2.843 0.8894643 0.5117121 -0.7219211 
2011 2.838048 2.814 0.8356917 0.5413538 -0.6775388 
2012 2.822143 2.78 0.7831522 0.4623515 -0.7061501 
2013 2.797762 2.737 0.7412743 0.3717755 -0.7292037 
2014 2.778524 2.754 0.697704 0.3180608 -0.7600487 
2015 2.745048 2.711 0.6586461 0.2446815 -0.8079182 
2016 2.691 2.673 0.5974973 0.1886777 -0.7819776 
2017 2.649952 2.626 0.5611857 0.05682597 -0.764014 
2018 2.602714 2.581 0.5483589 0.02287502 -0.7789112 
2019 2.544048 2.539 0.5439731 -0.0111066 -0.7654084 
2020 2.50681 2.507 0.5039713 0.03144227 -0.7629187 
2021 2.47681 2.462 0.4796474 0.01951871 -0.8273185 
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Both histograms and smoothed empirical density polygons in Figures 3-3 and 3-4 below 

are consistent with the findings of the summary statistics. The data initially had a left-

skewed and leptokurtic distribution. However, the skewness decreased over time, 

indicating a trend towards a more symmetrical and less heavy-tailed distribution. 
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Figure 3-3  Histograms of MENA TFRs 1960-2021 
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Figure 3-4  Empirical Density Polygons of MENA TFR 1960-2021 
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After that, statistical tests for common distributions are used to confirm the distribution of 

the fertility rate of MENA countries for each year. Because some of the early years showed 

more than one peak in the histograms, unimodal distribution was tested to test if the data 

has more than one peak for each year. For all the years, the MENA TFRs indicate evidence 

for unimodality, meaning for each year there is a single peak in MENA TFRs. After 

confirming unimodality, each year is tested for Normal, Log-normal, Gamma, Weibull, and 

Generalized Extreme Values distributions. Table 3-3 provides distribution of fertility 

results for MENA countries for each year. In particular, the table reports the p-value results 

of the Kolmogorov-Smirnov test for each distribution.  
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TABLE 3-3 Test Results of Statistical Distributions by Year 

Year Unimodal  Normal Log-normal Gamma  Weibull GEV  
1960 0.05623762 2.2E-16 2.117e-07 2.2e-16 0.2652 0.555746 
1961 0.05947614 2.2E-16 9.01e-08 2.2e-16 0.257 0.5816381 
1962 0.05286458 2.2E-16 9.065e-08 2.2e-16 0.1738 0.4585547 
1963 0.06302993 2.2E-16 9.406e-08 2.2e-16 0.1901 0.6538091 
1964 0.0559794 2.2E-16 9.886E-07 2.2e-16 0.2358 0.6484015 
1965 0.05908257 2.2E-16 1.054e-07 2.2e-16 0.2634 0.6959013 
1966 0.05307692 2.2E-16 1.239e-07 2.2e-16 0.3224 0.7073712 
1967 0.05795455 2.2E-16 1.759e-07 2.2e-16 0.358 0.6472909 
1968 0.06402439 2.2E-16 2.214e-07 2.2e-16 0.3462 0.6472909 
1969 0.06160377 2.2E-16 2.804e-07 2.2e-16 0.2751 0.6472909 
1970 0.05695122 2.2E-16 3.645e-07 2.2e-16 0.2798 0.6472909 
1971 0.05974843 2.2E-16 4.954e-07 2.2e-16 0.4187 0.6472909 
1972 0.07166031 2.2E-16 6.515e-07 2.2e-16 0.5219 0.6472909 
1973 0.08958904 2.2E-16 9.084e-07 2.2e-16 0.441 0.6472909 
1974 0.07771377 2.2E-16 1.254e-06 2.2e-16 0.4912 0.6472909 
1975 0.07982871 2.2E-16 1.781e-06 2.2e-16 0.8045 0.7675814 
1976 0.07978723 2.2E-16 2.679e-06 2.2e-16 0.7906 0.7890223 
1977 0.06831797 2.2E-16 3.729e-06 2.2e-16 0.6865 0.8536626 
1978 0.05480978 2.2E-16 5.28e-06 2.2e-16 0.9032 0.9686826 
1979 0.06667505 2.2E-16 7.398e-06 2.2e-16 0.9727 0.9969183 
1980 0.0698505 2.2E-16 8.985e-06 2.2e-16 0.8337 0.7516102 
1981 0.07068008 2.2e-16 1.055e-05 2.2e-16 0.7843 0.7516102 
1982 0.07749511 2.2e-16 1.482e-05 2.2e-16 0.7041 0.7922199 
1983 0.08488445 2.2e-16 2.081e-05 2.2e-16 0.6172 0.744482 
1984 0.08490391 2.2e-16 2.837e-05 2.2e-16 0.7093 0.7730827 
1985 0.08490807 2.2e-16 4.407e-05 2.2e-16 0.8253 0.8427628 
1986 0.07082909 2.2e-16 5.564e-05 2.2e-16 0.892 0.8874961 
1987 0.05162399 2.2e-16 6.319e-05 2.2e-16 0.8546 0.8917877 
1988 0.05389192 2.2e-16 8.824e-05 2.2e-16 0.8159 0.9058166 
1989 0.05486402 2.2e-16 9.592e-05 2.2e-16 0.8787 0.9675097 
1990 0.05366326 2.2e-16 7.255e-05 2.2e-16 0.9954 0.9998956 
1991 0.05200851 2.2e-16 0.0001241 2.2e-16 0.952 0.9999379 
1992 0.05691222 2.2e-16 0.0002099 2.2e-16 0.7356 0.9834967 
1993 0.06445631 2.2e-16 0.000116 2.2e-16 0.507 0.860981 
1994 0.06841046 2.2e-16 8.294e-05 2.2e-16 0.5109 0.8643758 
1995 0.06710792 2.2e-16 0.0002547 2.2e-16 0.5612 0.8836177 
1996 0.06397275 2.2e-16 0.0007594 2.2e-16 0.5097 0.8745191 
1997 0.06227106 2.2e-16 0.002469 2.2e-16 0.6446 0.8705711 
1998 0.06743003 2.2e-16 0.006519 2.2e-16 0.5528 0.8649029 
1999 0.07174553 2.2e-16 0.01805 2.2e-16 0.5262 0.800655 
2000 0.06801553 2.2e-16 0.01938 2.2e-16 0.6007 0.894848 
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2001 0.05152602 2.2e-16 0.03048 2.2e-16 0.8642 0.9854993 
2002 0.05303189 2.2e-16 0.03038 2.2e-16 0.8077 0.9880227 
2003 0.05388422 2.2e-16 0.04238 2.2e-16 0.6934 0.9614802 
2004 0.05593004 2.2e-16 0.0474 2.2e-16 0.7336 0.9734006 
2005 0.05114286 2.2e-16 0.04192 2.2e-16 0.7455 0.9246093 
2006 0.0611614 2.2e-16 0.03615 2.2e-16 0.7583 0.9849897 
2007 0.05533049 2.2e-16 0.03058 2.2e-16 0.8246 0.9849897 
2008 0.0553869 2.2e-16 0.02619 2.2e-16 0.7938 0.9951075 
2009 0.0639881 2.2e-16 0.022 2.2e-16 0.8453 0.9879843 
2010 0.06215068 2.2e-16 0.01853 2.2e-16 0.9498 0.9385305 
2011 0.0793148 2.2e-16 0.01587 2.2e-16 0.8397 0.8397437 
2012 0.07315205 2.2e-16 0.01347 2.2e-16 0.8559 0.8597458 
2013 0.07285004 2.2e-16 0.0114 2.2e-16 0.9108 0.9224177 
2014 0.0752381 2.2e-16 0.009595 2.2e-16 0.9113 0.9428724 
2015 0.07742037 2.2e-16 0.007943 2.2e-16 0.9056 0.960634 
2016 0.08251794 2.2e-16 0.006451 2.2e-16 0.8915 0.8959226 
2017 0.0750601 2.2e-16 0.005227 2.2e-16 0.9111 0.8537701 
2018 0.07536232 2.2e-16 0.004496 2.2e-16 0.9153 0.8812671 
2019 0.06501548 2.2e-16 0.00374 2.2e-16 0.8503 0.8592054 
2020 0.06255567 2.2e-16 0.003102 2.2e-16 0.8553 0.8878882 
2021 0.06537713 2.2e-16 0.002453 2.2e-16 0.9921 0.9944589 
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Table 3-3 presents the p-values from the Diptest and the Kolmogorov-Smirnov (KS) test 

for normal, log-normal, gamma, Weibull, and Generalized Extreme Value (GEV) 

distributions across various years.  

§ For the normal distribution, the p-values are consistently extremely low, indicating 

a significant deviation from normality. 

§ Log-normal and gamma distributions also show consistently low p-values, 

suggesting non-conformance with these distributions. 

§ For Weibull distribution, there is not enough evidence to reject the null hypothesis 

of the KS test.  

§ The GEV distribution exhibits higher p-values, indicating a relatively better fit 

compared to other distributions. 

In summary, the GEV distribution shows a comparatively better fit. The variations across 

years highlight the dynamic nature of the dataset's conformity to different statistical 

distributions. 

The Generalized Extreme Value (GEV) distribution is considered a better fit than the 

Weibull distribution based on the provided data because, for the Total Fertility Rates (TFR) 

in the Middle East and North Africa (MENA) region, the p-values from the Kolmogorov-

Smirnov (KS) goodness-of-fit test consistently favor the GEV distribution over the Weibull 

distribution. 

In each year from 1981 to 2021, the p-value associated with the GEV distribution is higher 

than that of the Weibull distribution. The p-value indicates the probability of observing a 

discrepancy between the empirical data and the assumed distribution as extreme as what is 

observed, under the null hypothesis that the data follows the specified distribution. 
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Higher p-values (closer to 1) suggest better agreement between the data and the distribution 

being tested. Therefore, the consistently higher p-values for the GEV distribution imply 

that, according to the KS test, the TFR data in MENA more closely aligns with the GEV 

distribution compared to the Weibull distribution across the considered years. 

Table 3-4 summarizes the GEV parameters for MENA region for each year:  

§ Location Parameter (Central Tendency): Changes in the location parameter may 

suggest shifts in the central tendency of fertility rates in the MENA region. 

Increasing values might indicate a rise in average fertility rates, while decreasing 

values could signify a decline. 

§ Scale Parameter (Variability): Changes in the scale parameter reflect variability in 

fertility rates. Increasing scale values suggest higher spread in fertility rates, while 

decreasing values indicate more stability. 

§ Shape Parameter (Tail Behavior): Positive shape values indicate unbounded upper 

tails, suggesting the possibility of extreme fertility rates. Negative shape values 

suggest bounded upper tails, indicating that extreme values are less likely. 

§ Kolmogorov-Smirnov (KS) Test Results: Lower p-values in the KS test may 

indicate years where the estimated GEV distribution does not fit the observed 

fertility data well. Higher p-values suggest better agreement between the estimated 

distribution and the actual data. 

Overall Trends: 

§ 1960s-1970s: Potential increases in central tendency (location) and variability 

(scale) during this period. Negative shape values might suggest a bounded upper 

tail more like the Weibull-type GEV. 
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§ 1980s: Notable decrease in the scale parameter, indicating potential stabilization in 

fertility rates. The shape parameter becomes less negative, suggesting a transition 

from a more bounded upper tail. 

§ 1990s-2000s: Fluctuations in the location and scale parameters. Slightly positive 

(near zero) shape values in the 1990s may indicate a return to unbounded upper tails 

more like the Gumbel distribution or the Frechet-type GEV. 

§ 2010s-2021: Decrease in location and scale parameters. The shape parameter 

remains negative but less so, indicating a more bounded upper tail. 

§ Implications: Periods of increased variability may signify economic, social, or 

political factors influencing fertility rates. Bounded upper tails may suggest policies 

or societal changes that limit extreme fertility values. High location values (nearing 

7 or 7 life offsprings per woman) and negative shape (bounded upper tails) in the 

early 1960s to lower location value (nearing 2 or 2 children per woman) with 

negative shape (bounded upper tail) may indicate the gradual change from natural 

fertility moving towards more active fertility limitations. Stabilization in the 1980s 

could be linked to socio-economic developments or family planning initiatives. 

  



 

56 
 

TABLE 3-4  Parameters of GEV Distribution by Year 

Year Location Location 
SE 

Scale Scale 
SE 

Shape Shape 
SE 

Statistic 
ks 

P-value 

1960 6.8086 0.2789 1.1294 0.2750 -0.9117 0.1838 0.1697 0.5557 
1961 6.8240 0.2829 1.1390 0.2781 -1.1020 0.1765 0.1662 0.5816 
1962 6.8862 0.2889 1.0768 0.2818 -1.0780 0.1694 0.1833 0.4586 
1963 6.8582 0.2912 1.1228 0.2911 -0.9912 0.1577 0.1567 0.6538 
1964 6.8456 0.3075 1.1924 0.2983 -1.1000 0.1438 0.1574 0.6484 
1965 6.8228 0.3142 1.2552 0.3017 -1.0070 0.1342 0.1511 0.6959 
1966 6.8081 0.3251 1.3189 0.3152 -1.0050 0.1255 0.1496 0.7074 
1967 6.7828 0.3356 1.3832 0.3187 -1.0450 0.1162 0.1575 0.6473 
1968 6.6833 0.3476 1.5447 0.3284 -0.9953 0.0955 0.1575 0.6473 
1969 6.6132 0.3518 1.5770 0.3363 -0.9835 0.0841 0.1575 0.6473 
1970 6.5663 0.3526 1.5856 0.3463 -0.9455 0.0710 0.1575 0.6473 
1971 6.4717 0.3869 1.6014 0.3849 -0.8862 0.2078 0.1575 0.6473 
1972 6.4816 0.3894 1.6110 0.3667 -0.8195 0.1928 0.1575 0.6473 
1973 6.2702 0.4037 1.6721 0.3745 -0.8085 0.1865 0.1575 0.6473 
1974 6.1752 0.4074 1.6888 0.3637 -0.7641 0.1746 0.1575 0.6473 
1975 6.0974 0.3929 1.6265 0.3309 -0.6781 0.1626 0.1415 0.7676 
1976 6.0188 0.3993 1.6517 0.3293 -0.6494 0.1577 0.1384 0.7890 
1977 5.9238 0.4054 1.6765 0.3252 -0.6129 0.1521 0.1287 0.8537 
1978 5.8280 0.0060 1.6996 0.0017 -0.4699 0.000002 0.1031 0.9687 
1979 5.7143 0.4134 1.7058 0.3132 -0.5259 0.1413 0.0835 0.9969 
1980 5.5869 0.4158 1.7138 0.3082 -0.4908 0.1377 0.1237 0.8516 
1981 5.4626 0.4184 1.7224 0.3044 -0.4587 0.1350 0.1176 0.7526 
1982 5.3358 0.4147 1.7045 0.2965 -0.4190 0.1330 0.1380 0.7922 
1983 5.2018 0.4084 1.6763 0.2876 -0.3791 0.1308 0.1446 0.7445 
1984 5.0580 0.4005 1.6407 0.279 -0.3392 0.1298 0.1407 0.7731 
1985 4.9065 0.3920 1.6033 0.271 -0.3021 0.1293 0.1304 0.8428 
1986 4.7497 0.3819 1.5602 0.2622 -0.2666 0.1287 0.1229 0.8875 
1987 4.5849 0.3674 1.4966 0.2521 -0.2267 0.1302 0.1222 0.8918 
1988 4.4256 0.3492 1.4173 0.2404 -0.1837 0.1340 0.1195 0.9058 
1989 4.2652 0.3324 1.3443 0.2302 -0.1456 0.1382 0.1036 0.9675 
1990 4.1943 0.3272 1.3498 0.2285 -0.1453 0.1427 0.0665 0.9999 
1991 4.0095 0.3144 1.2888 0.2218 -0.1073 0.1514 0.0649 0.9999 
1992 3.8591 0.2966 1.2046 0.2128 -0.0633 0.1639 0.0941 0.9835 
1993 3.7072 0.2844 1.1545 0.2049 -0.0417 0.1655 0.1246 0.8610 
1994 3.5750 0.2752 1.1206 0.1977 -0.0389 0.1625 0.1240 0.8644 
1995 3.3943 0.2630 1.0671 0.191 -0.0099 0.1682 0.1208 0.8836 
1996 3.2513 0.2373 0.9351 0.1806 0.0691 0.2035 0.1223 0.8745 
1997 3.1263 0.2333 0.9151 0.1782 0.0724 0.2082 0.1230 0.8706 
1998 3.0221 0.2312 0.9084 0.1754 0.0573 0.2054 0.1239 0.8649 
1999 2.9321 0.2299 0.9096 0.1727 0.0401 0.1975 0.0665 0.9999 
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2000 2.8598 0.2246 0.8901 0.168 0.0323 0.1950 0.1188 0.8948 
2001 2.8130 0.2303 0.9262 0.1675 -0.0337 0.1779 0.0995 0.9855 
2002 2.7524 0.2234 0.9008 0.1617 -0.0404 0.1747 0.0912 0.9880 
2003 2.7136 0.2135 0.8617 0.1544 -0.0356 0.1729 0.1033 0.9615 
2004 2.6563 0.2098 0.8513 0.1508 -0.0398 0.1670 0.0990 0.9734 
2005 2.5930 0.2041 0.8263 0.1474 -0.0303 0.1702 0.1129 0.9246 
2006 2.5400 0.2007 0.8088 0.1458 -0.0271 0.1763 0.0932 0.9850 
2007 2.4996 0.1983 0.7941 0.1449 -0.0297 0.1838 0.0930 0.9854 
2008 2.4634 0.1915 0.7552 0.1426 -0.0023 0.2009 0.0845 0.9951 
2009 2.4377 0.1904 0.7470 0.1419 -0.0123 0.2060 0.0913 0.9880 
2010 2.4407 0.1956 0.7700 0.1443 -0.0583 0.2025 0.1097 0.9385 
2011 2.4355 0.1878 0.7360 0.1393 -0.0410 0.2066 0.1279 0.8397 
2012 2.4491 0.1883 0.7438 0.138 -0.0931 0.1982 0.1248 0.8597 
2013 2.4531 0.1893 0.7555 0.1371 -0.1479 0.1879 0.1134 0.9224 
2014 2.4532 0.1870 0.7479 0.1353 -0.1753 0.1865 0.1086 0.9429 
2015 2.4413 0.1859 0.7453 0.1347 -0.2122 0.1860 0.1036 0.9606 
2016 2.4100 0.1791 0.7232 0.1293 -0.2372 0.1781 0.1186 0.8959 
2017 2.3955 0.1779 0.7264 0.1283 -0.2916 0.1665 0.1257 0.8538 
2018 2.3555 0.1767 0.7235 0.1278 -0.3046 0.1644 0.1212 0.8813 
2019 2.3025 0.1771 0.7262 0.1282 -0.3181 0.1628 0.1249 0.8592 
2020 2.2689 0.1693 0.6924 0.1222 -0.3014 0.1649 0.1200 0.8879 
2021 2.2484 0.1663 0.6782 0.1212 -0.3130 0.1706 0.0853 0.9945 
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4 CHAPTER 4 

STATISTICAL MODELING OF FERTILITY IN MENA 

In the context of the Middle East and North Africa (MENA) region, where demographic 

transitions are rapid, statistical modeling serves as an essential tool to analyze and predict 

these transitions. Statistical modeling offers a systematic and structured approach to unravel 

the complexities embedded in fertility dynamics.  

This chapter embarks on a journey to explore and analyze fertility patterns in the MENA 

region through the lens of statistical modeling. The overarching goal is to provide a nuanced 

understanding of the fertility trends over time in MENA.  

In the broader context of demographic research, statistical modeling acts as a compass, 

guiding researchers through the intricate terrain of fertility dynamics. This chapter thus 

serves as a gateway to unraveling the complex tapestry of fertility rates in the MENA 

region, showcasing the pivotal role statistical modeling plays in enhancing our 

understanding of demographic phenomena. 

4.1 Methodology 

The initial phase of the chapter involves employing regression analysis, a cornerstone of 

statistical modeling, to establish relationships between fertility rates and time. However, 

the assumptions underpinning regression analysis are not always universally met, and 

deviations from these assumptions may compromise the reliability of the results. 

Recognizing the limitations and potential pitfalls of regression models, the approach is 

fortified with a robust examination of the assumptions, ensuring the validity and integrity 
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of the findings. Should the assumptions be violated or if the data exhibit temporal 

dependencies, necessitating a more dynamic analysis, the approach will pivot towards time 

series analysis. Time series methods enable to capture the temporal structure inherent in 

fertility rate data, providing a more nuanced understanding of how these rates evolve over 

time. 

4.1.1 Regression Modeling 

In essence, regression analysis serves as a powerful tool in the statistical modeling toolkit, 

offering a systematic and data-driven approach to understanding the intricacies of fertility 

dynamics in the MENA region.  

Using the average TFR data that was collected from World Bank, MENA average TFR will 

be regressed overtime to understand the trends and dynamics. In the model the dependent 

variable (y) is the TFR of the countries of MENA and the predictor (x) is the year of that 

TFR for each country. The model will be as:  

TFR = β0 + β1×year + ϵ 

Here, β0 is the intercept, β1 is the year coefficient, and ϵ represents the error term. 

After conducting the regression model, the assumptions of the regression model will be 

checked. Assumptions of Regression Modeling: 

§ Linearity: The relationship between the dependent variable and independent variables 

is linear. Testing for linearity in regression involves assessing whether the relationship 

between the dependent and independent variables is adequately captured by a linear 

model. One common way to check for linearity is by examining residual plots where a 

scatterplot of residuals is created against the fitted values. In a linear relationship, it is 

expected to see a random scatter of points around the horizontal axis with no clear 
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pattern. A non-linear relationship might be indicated by a systematic pattern or 

curvature in the residuals. While visual inspection is often informative, statistical tests 

can also be performed to test for linearity. One common approach is the RESET 

(Regression Specification Error Test) test is used to examine whether there are omitted 

nonlinearities in a regression model, which might indicate a lack of fit. The null 

hypothesis of the RESET test is that the model is correctly specified, meaning it 

includes all relevant linear terms. A small p-value may suggest a lack of linearity. If 

the test indicates a lack of linearity in the regression model, several strategies may be 

considered to address this issue such as transforming variables, using splines, etc.  

§ Normality of Residuals: The residuals should follow a normal distribution. This 

assumption is essential for hypothesis testing and constructing confidence intervals. 

Normality will be tested visually using histogram and QQ plot. In the QQ plot, points 

should approximately follow a straight line. Departures from the line may indicate 

departures from normality. The Shapiro-Wilk test will be also used to test for 

normality. The Shapiro-Wilk test is a formal statistical test for normality. The null 

hypothesis is that the data follows a normal distribution. A low p-value suggests 

rejection of the normality assumption. Transformation can be considered on the 

dependent variable to fix the departure from normality.  

§ Homoscedasticity: Residuals should exhibit constant variance across all levels of the 

independent variables. Visually, homoscedasticity can be assessed from the residuals 

vs. fitted values plot. The goal is a random scatter of points around the horizontal line 

at y = 0. If there is a funnel shape or any pattern observed, it may suggest 

heteroscedasticity. The Breusch-Pagan test will also be used to confirm 
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homoscedasticity. The Breusch-Pagan test is a diagnostic test designed to detect 

heteroscedasticity in the residuals of a regression model. The test involves estimating 

a regression model and then testing whether the variance of the residuals is related to 

the independent variables. The steps involve fitting the original regression model and 

obtaining the residuals. Then, a secondary regression model is estimated, where the 

dependent variable is the squared residuals from the original model, and the 

independent variables are the same as in the original model. The test statistic is based 

on the idea that, under the null hypothesis of homoscedasticity, the coefficients in this 

secondary model should not be significantly different from zero H%:	β" =	β& = ⋯ =

0. The test statistic follows a chi-square distribution with degrees of freedom equals to 

the number of the independent variables in the regression model, and if the p-value is 

below a chosen significance level, it suggests rejecting the null hypothesis of 

homoscedasticity in favor of the alternative hypothesis of heteroscedasticity.  

§ Independence of Errors: Residuals (the differences between observed and predicted 

values) should be independent of each other. The Durbin-Watson test will be used to 

test for independence of errors. The Durbin-Watson test statistic ranges from 0 to 4. A 

value around 2 indicates no autocorrelation (independence of errors). Values 

significantly different from 2 may suggest autocorrelation. 

4.1.2 Time Series Modeling 

Time series is defined as a sequence of observations measured at regular time intervals 

(Box, George, Jenkins, & Reinsel, 2008). The MENA average TFR data is considered a 

time series data.  A major assumption of many regression methods is uncorrelated residuals. 

This assumption makes the structure of time series data challenging for researchers. Within 
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a single time series, it becomes evident that data points taken in close temporal proximity 

exhibit greater similarity than those farther apart, leading to correlated residuals, a 

phenomenon known as "autocorrelation." Models that overlook autocorrelation may 

produce accurate parameter estimates but incorrect standard errors.  

Autoregressive Integrated Moving Average (ARIMA) model is a type of model that 

accounts for autocorrelation and it is applied using a methodology developed by George 

Box and Gwilym Jenkins in 1970. The application of ARIMA model requires the formal 

characterization of the inherent pattern in a time series to be able to forecast future behavior 

of the time series using this pattern. It can be defined as:  

 𝒴𝑡	(𝒹)	 = 𝒸 + 𝜀𝒾 + 𝜙"𝒴𝓉!"
(-) + 𝜙&𝒴𝓉!&

(-) +⋯+ 𝜙.𝒴𝓉!.
(-) + 𝜃"𝜀/!" + 𝜃&𝜀/!& +⋯+ 𝜃.𝜀.!0 

The MENA average TFR data meets the data requirements of ARIMA model as it has a 

univariate time series with at least 50 observations. The interval over which the count is 

taken is the same over time (1 year). Data is presented in a vertical vector (column of data).  

An essential requirement for ARIMA models is that the dataset in question should exhibit 

stationarity, indicating that it maintains a consistent mean and variance across time. If the 

dataset is not stationary from the outset, stationarity can be achieved through a technique 

known as "differencing." 

The ARIMA model decomposes the time series pattern into three elements:  

§ The autoregressive component denoted as "p," which characterizes the relationship 

between observations due to their proximity in time. 

§ The differencing component, marked as "d," used to render the time series 

stationary 
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§ The moving average component, referred to as "q," which explains external 

disturbances or "shocks" to the system. 

The Box-Jenkins methodology involves a sequential process consisting of the following 

three stages: 

1. Identification: In this initial step, a class of straightforward ARIMA models is 

chosen based on data visualizations, autocorrelations, partial autocorrelations, and 

other relevant information. This entails determining suitable values for p, d, and q. 

2. Estimation: Following the selection of the model, the parameters (phis and thetas) 

for the chosen model are estimated using techniques like maximum likelihood 

estimation, back casting, and others outlined in the Box-Jenkins (1976) 

methodology.  

3. Diagnostic Checking: The model obtained in the previous step is subjected to a 

diagnostic assessment to identify any deficiencies. This evaluation involves 

examining the autocorrelations of the residual series, which represents the series of 

residual or error values using Ljung-Box test.  

After applying these steps, the final model can be used to forecast the average TFR of 

future years.  

4.2 Results  

4.2.1 Regression Modeling 

Table 4-1 shows the summary of the model. The model is:  

TFR = 175.314234 – 0.08574 year 
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The negative coefficient for "year" implies that, on average, the average TFR in the MENA 

region decreases by 0.0857 units each year. This suggests a declining trend in fertility rates 

over the years. 

The highly significant p-values indicate that the relationship between "year" and TFR is 

unlikely to be due to random chance. 

The R-squared value of 0.5826 indicates that the model explains a substantial portion of the 

variability in TFR. However, there are other factors not included in the model that 

contribute to the remaining variability. 

The F-statistic's low p-value supports the overall significance of the model. 

In summary, the regression suggests a statistically significant negative relationship between 

the year and average TFR in the MENA region, indicating a declining trend in fertility rates 

over time. 

After conducting the regression model, the assumptions of the regression model are 

checked: 

§ Linearity: Figure 4-1 shows the Residuals vs. Fitted Values plot. The scatter 

of points around the horizontal axis is not completely random. There is 

curvature in the residuals which might indicate the violation of the linearity 

assumption. To confirm further, statistical test will be used. The RESET 

(Regression Specification Error Test) test is used to examine whether there are 

omitted nonlinearities in a regression model, which might indicate a lack of fit. 

The null hypothesis of the RESET test is that the model is correctly specified, 

meaning it includes all relevant linear terms. 4-2 shows that the p-value is very 

close to zero (1.309e-12), which is well below common significance levels like 
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0.05. Therefore, the null hypothesis is rejected and there is evidence of omitted 

nonlinearities in the regression model. This suggests that the model may not 

adequately capture the relationship between the TFR and the year, indicating 

the need for further investigation or refinement of the model.  

§ Normality of Residuals:   Figures 4-2 and 4-3 represent the histogram and Q-

Q plot of residuals. Both graphs show departure from normality.   The Shapiro-

Wilk test result in Table 4-2 confirms that. The low p-value (5.768e-11, which 

is close to zero) suggests strong evidence against the null hypothesis. The 

Shapiro-Wilk test indicates that the residuals of your regression model are not 

normally distributed. This violation of normality might suggest that the 

assumption of normally distributed errors is not met.  

§ Homoscedasticity: from the residuals vs. fitted values plot (Figure 4-1), it can 

be observed that the residuals follow a pattern which might indicate 

heteroscedasticity. The result of Breusch-Pagan test confirms that. The low p-

value (4.284e-09, which is close to zero) suggests strong evidence against the 

null hypothesis. Since the p-value is very small, the null hypothesis is rejected. 

The studentized Breusch-Pagan test indicates that there is evidence of 

heteroscedasticity in the residuals of the regression model. Heteroscedasticity 

means that the variance of the residuals is not constant across all levels of the 

independent variable (year). 

§ Independence of Errors: The p-value of 0 of Durbin Watson test (Table 4-2) 

suggests strong evidence against the null hypothesis. Therefore, there is 

evidence of first-order autocorrelation in the residuals of the regression model.  
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Since all regression assumptions are violated, it can have several consequences, including 

biased parameter estimates, incorrect standard errors, unreliable hypothesis tests, and 

unreliable predictions. It may be challenging to obtain reliable results from the current 

model, that is why alternative models should be considered.  
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TABLE 4-1 Regression Model Summary 

Model TFR ~ year 

Multiple R-squared 0.5826 

Adjusted R-squared 0.5822 

F-static 1814 

P-value <2.2e-16 

Coefficients (Intercept) Year 

Estimate 175.314234 -0.085740 

Std. Error 4.006918 0.002013 

Pr(|t|) <2e-16 <2e-16 
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Figure 4-1 Residuals vs. Fitted Values Plot 
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Figure 4-2  Histogram of Residuals 
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Figure 4-3   Q-Q Plot 
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TABLE 4-2 Test Results of Regression Model Assumptions 

Assumption Test P-value 

Linearity RESET test 1.309e-12 

Normality of residuals Shapiro-Wilk normality test 5.768e-11 

Homoscedasticity studentized Breusch-Pagan test 4.284e-09 

Independence of errors Durbin Watson Test 0 
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4.2.2 Time Series Modeling 

Applying the Box-Jenkins Methodology to MENA average TFR data: 

Step 1: Model Identification 

Using R Programming, the MENA average TFR will be defined as time series object 

starting on 1960 and ending on 2021 with frequency = 1. Next, the original series is plotted 

(Figure 4-4). Based on the average TFR Data plot, there is significant downward trend from 

1960 until 2021. Since there is a trend component in the series, the series is not stationary.  

Next, the Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) 

for the MENA average TFR are plotted (Figure 4-5). Based on Autocorrelation function 

(ACF) for the MENA average TFR, the ACF is slowly declining as the number of lags 

increase suggesting that the MENA average TFR is not stationary. Also, based on Partial 

Autocorrelation function (PACF) of the MENA average TFR, there is one significant spike 

(exceeding the standard error (SE) band). This is a signal that the first differencing can be 

performed to turn the MENA average TFR into stationary series. 

Figure 4-6 shows the series after the first difference is performed to the MENA average 

TFR data. Based on the ACF of the first difference, the rate of decline is much faster which 

the changes from positive autocorrelation at lag 11. Meanwhile, for PACF shows 

significant spike at lag one (exceeded the SE bands). Although, the trend has declined, the 

time series is still not considered stationary after the first differencing. Accordingly, the 

data needs to be differenced one more time to achieve stationary. Figure 4-7 shows the ACF 

and PACF after second differencing and it is clear now that the stationary is accomplished.  
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Figure 4-4 Plot of MENA TFR 1960 - 2021 
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Figure 4-5 ACF and PACF Plots 
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Figure 4-6 First Difference of ACF and PACF 
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Figure 4-7 Second Difference of ACF and PACF 
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Stage 2: Model Validation and Estimation 

Based on the ACF and PACF after differencing the original MENA average TFR data, the 

order of ARIMA model can be identified. In the context of an ARIMA model, the notation 

(0,2,0) specifies the orders of the components within the model.  

§ Autoregressive Order (p): The first number (0 in this case) refers to the 

autoregressive order, denoted as 'p.' This component represents the number of 

lagged observations included in the model. In an (0,2,0) model, there are no 

autoregressive terms, meaning the current value of the time series is not linearly 

dependent on any past values. 

§ Integrated Order (d): The second number (2 in this case) is the integrated order, 

denoted as 'd.' This component represents the number of times the time series needs 

to be differenced to achieve stationarity. In an (0,2,0) model, the time series has 

been differenced twice. 

§ Moving Average Order (q): The third number (0 in this case) is the moving average 

order, denoted as 'q.' This component represents the number of lagged forecast 

errors included in the model. In an (0,2,0) model, there are no moving average 

terms. 

Thus, it can be concluded that the suitable model based on ACF and PACF is ARIMA (0, 

2, 0). So, an ARIMA (0,2,0) model means that the time series has been differenced twice 

to achieve stationarity, and the model does not include autoregressive or moving average 

terms. The notation (0,2,0) suggests a simple differencing approach without considering 

the influence of past observations or forecast errors. 

Below is the summary of the ARIMA (0,2,0) model: 
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Coefficients: 

§ ar1: The coefficient for the first autoregressive term is approximately 1.9587. 

§ ar2: The coefficient for the second autoregressive term is approximately -0.9618. 

§ intercept: The intercept term is approximately 4.5667. 

Standard Errors (s.e.): 

Standard errors are provided for each coefficient estimate:  

§ 0.0265 for ar1. 

§ 0.0271 for ar2. 

§ 0.9067 for the intercept. 

Variance (sigma^2): 

The estimated variance (sigma^2) of the residuals is approximately 0.0006792. 

Log Likelihood and AIC: 

Log likelihood is 132.69, and the AIC (Akaike Information Criterion) is -257.39. A lower 

AIC suggests a better-fitting model, so in this case, the model is evaluated favorably. 

Training Set Error Measures: 

§ ME (Mean Error): Approximately -0.0022 

§ RMSE (Root Mean Squared Error): Approximately 0.0261 

§ MAE (Mean Absolute Error): Approximately 0.0197 

§ MPE (Mean Percentage Error): Approximately -0.0546 

§ MAPE (Mean Absolute Percentage Error): Approximately 0.4582 

§ MASE (Mean Absolute Scaled Error): Approximately 0.2534 

§ ACF1 (Autocorrelation of Residuals at Lag 1): Approximately -0.0881 
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These error measures provide insights into how well the model fits the training data. 

Overall, a lower RMSE, MAE, MPE, MAPE, and MASE, and a close-to-zero ACF1 

indicate a better fit. The negative sign in front of ME, MPE, and ACF1 suggests a slight 

underestimation in the model. 

To obtain more conclusive evidence, several alternatives will be considered. For example, 

ARIMA (1, 1, 0), ARIMA (1, 1, 1) and ARIMA (3, 1, 0) can be chosen as competing 

alternatives. Table 4-3 shows the summaries of these models.  

In addition to the competitive models, ARIMA model has been fit to each country in MENA 

separately (Table 4-4). ARIMA (0,2,0) is the most repeated best model for countries in 

MENA which shows consistency between member countries of MENA and MENA as a 

whole.  
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TABLE 4-3 Time Series ARIMA Competing Models 

Model ARIMA (0,2,0) ARIMA(1,1,0) ARIMA(1,1,1) ARIMA(3,1,0) 

Coefficients NA ar1=0.9526 ar1=0.9553, 
ma1= -0.0337 

ar1=0.9085, 
ar2=0.1532, 
ar3=-0.1107 

AIC -261.07 -262.99 -261.07 -259.63 
ME -0.001051859 -0.003982673 -0.003944315 -0.003944798 
RMSE 0.02660994 0.02639741 0.02638337 0.02624779 
MAE 0.02009083 0.02010184 0.02024068 0.01982156 
MPE 0.02256638 -0.04937207 -0.04702531 -0.05032577 
MAPE 0.479026 0.4702958 0.4731494 0.4634338 
MASE 0.2589237 0.2590657 0.260855 0.2554536 
ACF1 -0.06787385 -0.0384383 -0.004001433 -0.01102234 
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TABLE 4-4 ARIMA Model for Each Country in MENA 

Country ARIMA 
Malta (0,1,0) 
West Bank and Gaza (0,2,0) 
Djibouti (0,2,0) 
Algeria (0,2,0) 
Jordan (0,2,0) 
Morocco (0,2,0) 
Saudi Arabia (0,2,0) 
Syria (0,2,0) 
Tunisia (0,2,0) 
Israel (0,2,1) 
Libya (0,2,1) 
Bahrain (0,2,2) 
Egypt (1,1,0) 
Qatar (1,1,1) 
Iraq (1,2,0) 
Oman (1,2,0) 
Yemen (1,2,0) 
UAE (1,2,1) 
Lebanon (1,2,1) 
Iran (2,1,0) 
Kuwait (3,2,0) 
India (3,1,0) 
Germany (0,2,1) 
USA (0,2,2) 
Brazil (0,2,1) 
Nigeria (0,2,2) 
Australia (1,2,1) 
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Step 3: Model diagnostic 

Based on the AIC criterion and the magnitude of ACF1, ARIMA(1, 1, 0) appears to be a 

slightly better fit than ARIMA(0, 2, 0) for the provided data. Both models have similar 

performance in terms of error measures. The differences in ME, RMSE, MAE, MPE, 

MAPE, and MASE are relatively small. The ACF1 value provides information about the 

autocorrelation of the residuals at lag 1. Both models have negative ACF1 values, 

indicating some level of underestimation in both cases. However, the magnitude is higher 

in ARIMA(0, 2, 0), suggesting a potentially better fit. ARIMA (0,2,0) provides a better 

trade-off between model complexity and goodness of fit. 

In addition, based on Ljung-Box test, which resulted in p-value of 0.5841, there is no 

enough evidence to reject the null hypothesis indicated that the residuals are white noise. 

Figure 4-8 shows the forecasted average TFR using ARIMA (0,2,0) and the actual average 

TFR from 2016-2020.  

To allow for a quick assessment of how well the forecasting model performed for each 

year, Table 4-5 compares the actual average TFR with the forecasted average TFR for the 

years 2016 to 2020, along with the difference between the two values. 

§ Actual Average TFR: This column represents the observed or real average TFR for 

each respective year. 

§ Forecasted Average TFR: This column shows the average TFR values predicted by 

the forecasting model for the corresponding years. 

§ Difference: This column calculates the variance between the actual and forecasted 

average TFR. It indicates how much the forecasting model deviated from the actual 

values. 



 

83 
 

A negative difference indicates that the forecasted values are lower than the actual values. 

For all years, the forecasted TFR is lower than the actual TFR. 

For example, in 2016, the actual TFR was 2.8712, but the forecasted TFR was 2.9289. The 

difference is -0.0578, indicating that the model underestimated the TFR by approximately 

0.058. The magnitude of the underestimation increases from 2016 to 2020. 

Since the differences are consistently small and within an acceptable range, it can suggest 

a reasonably accurate model.  

The increasing discrepancies over the years might indicate that the forecasting model may 

not be capturing some of the more complex or dynamic aspects of fertility trends as the 

forecast horizon extends. It's not uncommon for forecasting accuracy to decrease as the 

projection period becomes more distant from the observed data, as there is greater 

uncertainty about future conditions and events that could influence the outcome. It might 

be worth exploring whether the model needs adjustments or if additional factors could 

enhance its predictive performance. 
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TABLE 4-5 Difference Between Actual and Forecasted Average TFR 2016 - 2020 

Year Actual Average TFR Forecasted Average TFR Difference 
2016 2.8712 2.9289 -0.0578 
2017 2.8380 2.9061 -0.0681 
2018 2.7830 2.8833 -0.1002 
2019 2.7004 2.8605 -0.1601 
2020 2.6605 2.8376 -0.1771 
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Figure 4-8  Forecasted Vs. Actual MENA Average TFR 2010-2020 
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Model Application and forecasting  

The model ARIMA (0, 2, 0) is used to generate 5 years ahead (2022-2026). Figures 4-9, 

and 4-10 represent the plot of the forecasted years with the current average TFR, and a 

focus on the forecasted years respectively.  

The forecast values for 2022-2026 are 2.6, 2.57, 2.53, 2.5 and 2.47. These forecasts are 

valuable for understanding and predicting fertility trends in the MENA region, aiding 

policymakers, researchers, and demographers in making informed decisions based on 

robust statistical analysis.  
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Figure 4-9  MENA TFR 1960-2026 
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Figure 4-10  Forecasted MENA TFR 2022-2026 
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Benchmarking 

Comparing fertility dynamics between the MENA region (Middle East and North Africa) 

and another region, such as Europe, can provide several valuable insights and benefits such 

as understanding how fertility patterns differ or resemble between regions, recognizing 

patterns, trends, and challenges that may have global implications, especially in the context 

of population growth, demographic transition, and sustainable development. In addition, 

benchmarking provides an opportunity to assess the robustness and generalizability of 

research methodologies and models. Different regions may have unique characteristics that 

impact the applicability of certain models and approaches. Table 4-6  shows that the best 

ARIMA model fitting the average TFR of Europe is (0,2,1). Table 4-7 shows the summary 

of the model. Figure 4-11 and 4-12 show the forecasted values of Europe TFR while Figure 

4-13 shows the average TFR of both MENA and Europe from 1960 to 2021. When 

comparing the summary of Europe model to the summary of ARIMA (0,2,0) of MENA, it 

can be observed that: 

§ The model for the MENA region has a better fit compared to the model for Europe 

as the AIC of MENA is -261.07 while for Europe it is -246.42.   

§ The smaller RMSE and MAE suggest that the MENA model provides more accurate 

predictions for average TFR in the MENA region compared to the model for 

Europe.  

§ The negative ma1 coefficient indicates a negative impact of the moving average 

component on the average TFR in Europe. This implies that past errors in prediction 

are influencing current average TFR values negatively. 
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§ Both models have negative ACF1 values, indicating that past residuals are 

influencing current residuals negatively, but MENA model has a more negative 

ACF1 which suggests better model performance.  

Considering the lower AIC, smaller RMSE and MAE, and a more negative ACF1, the 

ARIMA model for the MENA region appears to be a better fit for predicting TFR 

compared to the model for Europe. The negative coefficient in Europe model suggests 

that there might be a stronger influence of past errors on current predictions in the 

European context.  

In summary, the decline in the average TFR in both the MENA region and Europe 

reflects significant changes in fertility behavior over the past six decades. Analyzing 

the specific factors contributing to these trends can provide valuable insights for 

policymakers and researchers in addressing demographic challenges and opportunities 

in each region which will be discussed in the next chapter.  

  



 

91 
 

TABLE 4-6  Europe ARIMA Competing Models 

Model AIC 

ARIMA(0,2,1) -246.2074 

ARIMA(2,2,2) -243.5081 

ARIMA(0,2,0) -224.5493 

ARIMA(1,2,0) -237.0416 

ARIMA(1,2,1) -244.0095 

ARIMA(0,2,2) -244.0125 

ARIMA(1,2,2) -242.3813 
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TABLE 4-7  Europe ARIMA (0,2,1) Summary 

Model ARIMA (0,2,1) 

Coefficients ma1 = -0.6918 

AIC -246.42 

ME -0.000122656 

RMSE 0.02937969 

MAE 0.02280414 

MPE 0.05238161 

MAPE 1.243296 

MASE 0.7528384 

ACF1 -0.01869559 
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Figure 4-11  Europe TFR 1960-2026 
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Figure 4-12  Forecasted Europe TFR 2022-2026 
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Figure 4-12  TFR of MENA Compared to Europe from 1960-2021 
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5 CHAPTER 5 

DETERMINANTS OF FERTILITY IN MENA 

The dynamics of fertility rates hold profound implications for demographic patterns, 

economic development, and social structures. In the context of the Middle East and North 

Africa (MENA) region, understanding the determinants of fertility is a crucial endeavor 

given the unique blend of socio-cultural, economic, and political factors that shape 

reproductive behaviors. 

MENA, encompassing diverse countries with varying levels of economic development and 

cultural landscapes, presents an intriguing case for fertility rate studies. This region has 

witnessed significant socio-economic transformations over the past few decades, leading to 

shifts in family structures, educational attainment, and workforce participation. 

Consequently, fertility rates have experienced notable fluctuations, influencing population 

growth trajectories and demographic transitions. 

This chapter seeks to unravel the complex web of factors influencing fertility rates in 

MENA, offering a comprehensive analysis that goes beyond traditional demographic 

models. By examining the interplay of socio-cultural norms, economic conditions, 

healthcare access, and the empowerment of women, the aim is to provide a nuanced 

understanding of the drivers of fertility within the region. 

Understanding the determinants of fertility rates in MENA is not only essential for 

academic research but also carries significant policy implications. Policymakers can utilize 

the insights gained from this study to formulate targeted interventions aimed at addressing 



 

97 
 

specific challenges and opportunities related to population dynamics in the region. 

Furthermore, the findings may contribute to the broader discourse on demographic 

transitions, providing valuable insights for global discussions on sustainable development 

and population growth. 

Through a multifaceted exploration of the determinants of fertility rates in MENA, this 

thesis aims to contribute to the existing literature and offer a nuanced perspective that 

considers the intricate interplay of factors shaping reproductive behaviors in this diverse 

and dynamic region. 

5.1 Methodology  

To accomplish the objective of this study, first, a systematic review to identify the factors 

that affect fertility rate in MENA will be conducted. After that, a regression analysis is 

conducted for all the factors in the presence of each other. If regression does not provide 

conclusive results, time series modeling will be used.  

5.1.1 Systematic Review 

All research articles published in the English language between the years 2015 and 2023 

will be examined. After identifying the main factors, an indicator for each of the identified 

factors is selected. The selection of the indicators is based on the relevance and the 

availability of the data. All the data used are extracted from the World Bank. (World 

Development Indicators, 2022).  

5.1.2 Regression Analysis 

A multiple regression model is employed to estimate the relationship between the average 

TFR and the selected determinants. The model is specified as follows: 
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TFRi = β0 + β1.Determinant1i + β2⋅Determinant2i + β3⋅Determinant3i + β4⋅Determinant4i+ϵi 

The study tests several hypotheses regarding the impact of different identified factors on 

the average TFR in addition to the interactions between these factors.  

The regression analysis assumes linearity, independence, homoscedasticity, and normality 

of errors. Diagnostic tests will be conducted to assess these assumptions. In addition to the 

assumptions, multicollinearity will be checked as well with the criteria below: 

§ Variance Inflation Factor (VIF) values around 1 indicate low correlation between 

the predictor and the other variables. 

§ VIF values between 1 and 5 are generally considered moderate. 

§ VIF values above 5 may indicate high correlation and potential multicollinearity. 

5.1.3 Transfer Functions 

If the assumptions of traditional regression are not met, and there are issues like non-

linearity, autocorrelation, or heteroscedasticity, time series transfer functions can be a 

valuable alternative for analyzing the impact of determinants on fertility rates. A time series 

transfer function is a model that captures how changes in one time series influence changes 

in another over time. Transfer functions, in the context of time series analysis, allow for the 

exploration of the dynamic relationships between a dependent time series (e.g., fertility 

rates) and one or more independent time series (e.g., determinants). The transfer function 

equation generally takes the form: 

 

𝛾/,2 =	J𝛿3 L
𝑡
𝑇N 𝛾/!3,2 +J𝜔4 L

𝑡
𝑇N𝑋/!4,2 + 𝜖/ , 𝑡 = 1,… , 𝑇,

5

46%

7

36"

 

where: 
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§ Yt is the dependent variable (fertility rates). 

§ T is the number of observations and εt is i.i.d. (0, σ2). The error and the input series 

are assumed to be independent.  

§ The functions ωj(𝑢) j = 0,1,2,...,n, and δi(u), i = 1,2,...,n, are supported on the 

interval (0,1) and connected to the underlying series by an appropriate rescaling of 

time, u =t/T.  

Identifying an appropriate transfer function involves examining the autocorrelation and 

partial autocorrelation functions of both the dependent and independent variables.  

Significant lags in these functions help identify the appropriate lag structure for the transfer 

function. Transfer functions can handle situations where traditional regression assumptions 

may not hold, providing more flexibility in capturing the underlying dynamics. 

To evaluate the accuracy of a Transfer Function model in predicting average TFR in 

MENA region, the outlined methodology below will be used:   

a) Data Splitting: The dataset will be divided into training (1960-2015) and testing 

(2016-2020) sets, encompassing 90% and 10% of the available data, respectively. 

The training dataset will be used to build the best transfer function model. 

b) Transfer Function Models: Transfer Function models will be applied to the entire 

set of predictors collectively and individually. The objective is to identify the model 

with the best fit for average TFR prediction. 

c) Model Evaluation: The accuracy of each model will be assessed by comparing the 

AIC and errors. The model demonstrating the highest accuracy during the 

evaluation phase will be selected. 
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d) Validation: The selected model will be used to predict average TFR for the 

validation period (2016-2020). 

e) Comparison and Analysis: Forecasted average TFR values will be compared to 

actual data for the validation period, and the accuracy of the overall forecasting will 

be analyzed. 

f) Forecasting: The selected model will be used to forecast the average MENA TFR 

This methodology ensures a rigorous assessment of the Transfer Function model's 

performance in predicting average TFR in the MENA region. The approach of evaluating 

models collectively and individually provides a nuanced understanding of predictor 

variable contributions to the accuracy of average TFR forecasts. 

5.2 Results  

5.2.1 Systematic Review 

The systematic review has identified key determinants influencing fertility rates in the 

MENA region as follows: 

§ Urbanization: A negative correlation has been observed between urbanization and 

fertility rates in MENA. The transition from rural to urban areas is associated with 

increased access to family planning services, education, and employment 

opportunities for women, leading to a decline in fertility rates. 

§ Economic Growth: Economic growth shows a positive correlation with fertility 

rates in MENA. Rising incomes enable families to better support their children, 

contributing to an increase in fertility rates. However, as economic growth 

continues, families may opt for fewer children, prioritizing their overall quality of 

life. 
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§ Women's Labor Force Participation: Women's involvement in the labor force is 

negatively correlated with fertility rates in MENA. Increased participation often 

results in delayed marriage and childbearing, contributing to a decline in fertility 

rates. 

§ Female Education: Education exhibits a negative correlation with fertility rates in 

MENA. Higher levels of education among women are associated with delayed 

marriage and childbearing, leading to a reduction in fertility rates. 

Other factors influencing fertility rates in MENA encompass aspects such as access to 

healthcare, cultural and religious values, government policies related to family planning, 

and the availability of contraception. However, this study will primarily focus on the 

aforementioned key factors. 

For each identified determinant, an indicator from the World Bank (World Development 

Indicators, 2022) has been selected. Fertility rate, measured by the total fertility rate (TFR), 

serves as the metric estimating the average number of children a woman would give birth 

to during her reproductive years, following the age-specific fertility rates of a given year 

and assuming she lives until the end of her childbearing period. 

§ Urbanization (Figure 5-1) is measured by the percentage of people living in urban 

areas to the whole population.  

§ Economic growth (Figure 5-2) is measured by Gross Domestic Product (GDP) at 

purchaser's prices which is a measure of the total value of goods and services 

produced within an economy over a specific time period. It is calculated as the sum 

of the gross value added by all resident producers in the economy, inclusive of any 
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product taxes, and subtracting any subsidies that are not included in the value of the 

final products. Data are in constant 2015 prices, expressed in U.S. dollars. 

§ Women labor force participation (Figure 5-3) is measured as the proportion of 

women who are currently employed or seeking employment, out of the total number 

of individuals aged 15 and above who are considered to be part of the labor force. 

The labor force refers to individuals who are engaged in the production of goods 

and services during a given time frame. 

§ Female education (Figure 5-4) is measured as the percentage of female students in 

the secondary school. Secondary school is not as advanced as college degrees or 

basic as primary school. It provides a good insight especially for underdeveloped 

countries where college education is not as common. In addition, data on percentage 

of females who pursued bachelor’s degrees is not available.  
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Figure 5-1  MENA Urban Population (% of Total Population) 
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Figure 5-2  MENA Economic Growth 1975 – 2020 
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Figure 5-3  MENA Women Labor Force Participation 
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Figure 5-4  Female secondary education % 
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5.2.2 Regression Analysis 

After identifying the determinants and their appropriate measure, multiple regression model 

will be fit with the below formula: 

TFRi = β0 + β1.Urbanizationi + β2⋅Economic Growth + β3⋅Female Labor Forcei + β4⋅Female 

Educationi+ϵi 

Table 5-1  shows the summary of the model: 

§ The estimated intercept is 3.276e+00. It represents the expected value of average 

TFR when all predictor variables are zero. 

§ Urbanization (4.022e-01): For every one-unit increase in urbanization, the average 

TFR is expected to increase by 4.022e-01 units, holding other variables constant. 

§ GDP (-1.550e-12): The coefficient is extremely small and negative. For practical 

purposes, it suggests that GDP does not have a substantial linear relationship with 

the average TFR in this model. 

§ Female Labor (-1.484e-01): For every one-unit increase in the percentage of female 

labor force participation, the average TFR is expected to decrease by 1.484e-01 

units, holding other variables constant. 

§ Female Education (-3.848e-01): For every one-unit increase in the female education 

variable, the TFR is expected to decrease by 3.848e-01 units, holding other variables 

constant. 

§ All coefficients are statistically significant (p-value < 0.05), indicating that each 

predictor contributes significantly to explaining the variability in the average TFR. 



 

108 
 

§ Residual Standard Error: The standard deviation of the residuals is 0.1845. It 

represents the typical difference between the observed and predicted values of  the 

average TFR. 

§ R-squared (Multiple): 98.86% of the variability in the average TFR is explained by 

the model. 

§ Adjusted R-squared takes into account the number of predictors and is 98.78%. 

In summary, Urbanization, female labor force participation, and female education are 

significant predictors of the average TFR. GDP, in this model, does not show a substantial 

linear relationship with the average TFR. The model has a high level of explanatory power, 

as evidenced by the high R-squared value. 

Next, the assumptions of regression model are checked:  

§ Linearity: Figure 5-5 shows the Residuals vs. Fitted Values plot. The scatter of 

points around the horizontal axis is not completely random. There is curvature in 

the residuals which might indicate the violation of the linearity assumption. To 

confirm further, statistical test will be used. The RESET (Regression Specification 

Error Test) test is used to examine whether there are omitted nonlinearities in a 

regression model, which might indicate a lack of fit. The null hypothesis of the 

RESET test (Table 5-2  ) is that the model is correctly specified, meaning it includes 

all relevant linear terms. The p-value is extremely small, indicating strong evidence 

against the null hypothesis. Since the RESET test suggests a specification error, 

there might be a need to revisit the model and consider including additional 

variables, transforming variables, or exploring more complex model specifications 

to improve the model's fit. 
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§ Normality of Residuals:   Figures 5-6 represents the Q-Q plot of residuals. The 

graph does not show severe departure from normality.   The Shapiro-Wilk test result 

(Table 5-2) confirms that. With a p-value of 0.3309, we fail to reject the null 

hypothesis of normality. This suggests that the residuals of model1 are not 

significantly different from a normal distribution. Therefore, the residuals are 

assumed to follow a normal distribution based on this test. 

§ Homoscedasticity: from the residuals vs. fitted values plot (Figure 5-5), it can be 

observed that the residuals follow a pattern which might indicate heteroscedasticity. 

The result of Breusch-Pagan test (Table 5-2) confirms that. With a small p-value 

(0.002191), there is evidence to reject the null hypothesis of homoscedasticity. This 

suggests the presence of heteroscedasticity in the residuals of model1. In practical 

terms, it means that the variance of the residuals is not constant across all levels of 

the independent variables. 

§ Independence of Errors: The p-value of 0 of the Durbin Watson test (Table 5-2 ) 

suggests strong evidence against the null hypothesis. Therefore, there is evidence 

of first-order autocorrelation in the residuals of the regression model.  

In summary, the diagnostic of model 1 reveals potential issues with linearity, 

homoscedasticity, and independence of errors in the model. Addressing these concerns may 

involve adjusting model specifications, exploring additional variables, or transforming 

existing ones to enhance the model's overall fit. 
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TABLE 5-1 Model 1 Summary 

Model TFR ~ Urbanization + GDP + FemaleLabor + FemaleEducation 

Multiple  

R-squared 
0.9886 

Adjusted 

R-squared 
0.9878 

F-static 
1215 

P-value <2.20E-16 

Coefficients (Intercept) Urbanization GDP Female Labor Female Education 

Estimate 3.276 0.4022 -1.55E-12 -0.1484 -0.3848 

Std. Error 0.5754 0.03263 8.353E-14 0.01087 0.02957 

Pr(|t|) 0.000000475 <2.00E-16 <2.00E-16 <2.00E-16 <2.00E-16 
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Figure 5-5  Model 1 Residuals vs. Fitted Values Plot 
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Figure 5-6   Model 1 QQ Plot 
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TABLE 5-2 Model 1 Test Results of Regression Assumptions 

Assumption Test P-value 

Linearity RESET test <2.2e-16 

Normality of residuals Shapiro-Wilk normality test 3.31E-01 

Homoscedasticity studentized Breusch-Pagan test 2.19E-03 

Independence of errors Durbin Watson Test 0 
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Now, another model will be fit but without interpolating the missing data to check if the 

results would be different.  

The model summary (Table 5-3) suggests that Urbanization, Female Labor, and Female 

Education significantly influence the Total Fertility Rate in the given context, while GDP 

appears to have a negligible impact. The model exhibits a high level of explanatory power, 

as indicated by the high R-squared values and the significant F-statistic. 

Next, the assumptions of regression model are checked:  

§ Linearity: In Figure 5-7, the scatter of points around the horizontal axis is not 

completely random. There is curvature in the residuals which might indicate the 

violation of the linearity assumption. This is confirmed by the small p-value (< 0.05) 

of RESET test (Table 5-3) provides strong evidence against the null hypothesis. 

Therefore, the result suggests that there are omitted nonlinearities in your regression 

model, indicating a lack of fit. 

§ Normality of Residuals:   The Q-Q plot in Figure 5-8 does not show serios 

departure from normality. This is confirmed by a p-value of 0.1088 (greater than 

the typical significance level of 0.05) of the Shapiro-Wilk Normality Test (Table 

5-4). There is not enough evidence to conclude that the residuals significantly 

deviate from a normal distribution. Therefore, based on this test, it can be assumed 

that the residuals are approximately normally distributed. 

§ Homoscedasticity: from the residuals vs. fitted values plot (Figure 5-7), it can be 

observed that the residuals follow a pattern which might indicate heteroscedasticity. 

The result of Breusch-Pagan test (Table 5-4) confirms that. With a small p-value 

(0.002191), there is evidence to reject the null hypothesis of homoscedasticity. This 
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suggests the presence of heteroscedasticity in the residuals of model 2. In practical 

terms, it means that the variance of the residuals is not constant across all levels of 

the independent variables. 

§ Independence of Errors: The p-value of 0 of the Durbin Watson test (Table 5-4) 

suggests strong evidence against the null hypothesis. Therefore, there is evidence 

of first-order autocorrelation in the residuals of the regression model.  

§ Lastly, high VIF values (Table 5-4) for Urbanization and GDP could be a concern 

due to multicollinearity. It might be worth investigating the correlation between 

Urbanization and GDP and considering whether one of them can be excluded from 

the model to address multicollinearity issues. The VIF for FemaleLabor and 

FemaleEducation is less concerning.  

Accordingly, the next model will be fit without the GDP since it is insignificant predictor 

and might be a cause of the high VIF for urbanization.  
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TABLE 5-3  Model 2 Summary 

Model TFR ~ Urbanization + GDP + FemaleLabor + FemaleEducation 

Multiple  
R-squared 0.9846 

Adjusted  
R-squared 0.9822 

F-static 414.8 

P-value <2.20E-16 

Coefficients (Intercept) Urbanization GDP Female Labor Female Education 

Estimate 2.71E+01 -2.47E-01 9.30E-13 -1.11E-01 -1.91E-01 

Std. Error 3.72E+00 1.05E-01 3.93E-13 3.32E-02 4.51E-02 

Pr(|t|) 9.74E-08 0.026086 0.025542 0.002518 0.000247 
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Figure 5-7 Model 2 Residuals vs. Fitted Values 
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Figure 5-8  Model 2 Q-Q Plot 
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TABLE 5-4 Model 2 Test Results of Regression Assumptions 

Assumption Test P-value 

Linearity RESET test 3.88E-09 

Normality of residuals Shapiro-Wilk normality test 0.31088 

Homoscedasticity studentized Breusch-Pagan test 0.002191 

Independence of errors Durbin Watson Test 0 

No multicollinearity 

VIF VIF value 

Urbanization 548.90 

GDP 387.56 

Female Labor 4.801233 

Female Education 31.038863 
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The summary of the model in Table 5-5 shows that Female Labor and Female Education 

have statistically significant effects on TFR, with negative coefficients, implying that as 

Female Labor and Female Education increase, TFR tends to decrease. The model with 

Urbanization included does not perform significantly better than a model without it, as 

indicated by its non-significant coefficient. 

The model, in general, has a high R-squared value, indicating a good fit to the data. 

Next, the assumptions of regression model are checked:  

§ Linearity: In Figure 5-9, the scatter of points around the horizontal axis is not 

completely random. There is curvature in the residuals which might indicate the 

violation of the linearity assumption. This is confirmed by the small p-value (< 0.05) 

of RESET test (Table 5-6) provides strong evidence against the null hypothesis. 

Therefore, the result suggests that there are omitted nonlinearities in your regression 

model, indicating a lack of fit. 

§ Normality of Residuals:   The Q-Q plot in Figure 5-10 does not show serios 

departure from normality. This is confirmed by a p-value of 0.5388 (greater than 

the typical significance level of 0.05) of the Shapiro-Wilk Normality Test (Table 

5-6). There is not enough evidence to conclude that the residuals significantly 

deviate from a normal distribution. Therefore, based on this test, it can be assumed 

that the residuals are approximately normally distributed. 

§ Homoscedasticity: from the residuals vs. fitted values plot (Figure 5-9), it can be 

observed that the residuals do not follow a pattern which might indicate 

homoscedasticity. The result of Breusch-Pagan test (Table 5-6) confirms that. With 

a p-value (0.06715), there is no enough evidence to reject the null hypothesis of 
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homoscedasticity.. In practical terms, it means that the variance of the residuals is 

constant across all levels of the independent variables. 

§ Independence of Errors: The p-value of 0 of the Durbin Watson test (Table 5-6) 

suggests strong evidence against the null hypothesis. Therefore, there is evidence 

of first-order autocorrelation in the residuals of the regression model.  

§ Lastly, the VIF values (Table 5-6) for Urbanization, Female Labor, and Female 

Education are all below 5, suggesting that there is no severe multicollinearity among 

these predictors. These values indicate a moderate level of correlation, which is 

generally acceptable. The VIF results suggest that the predictors in the model are 

not highly correlated, and multicollinearity is not a major concern.  

In summary, although the normality, homoscedasticity, and multicollinearity assumptions 

seem to be met, the model shows indications of issues related to linearity and 

autocorrelation. To improve the model, interactions between the variables can be 

considered. 
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TABLE 5-5 Model 3 Summary 

Model TFR ~ Urbanization + FemaleLabor + FemaleEducation 

Multiple  
R-squared 

0.9812 

Adjusted 
R-squared 

0.9792 

F-static 470.8 

P-value <2.20E-16 

Coefficients (Intercept) Urbanization Female Labor Female Education 

Estimate 1.83E+01 -2.77E-05 -8.62E-02 -2.89E-01 

Std. Error 4.23E-01 1.03E-02 3.41E-02 2.01E-02 

Pr(|t|) <2.00E-16 0.9979 0.0176 3.42E-14 
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Figure 5-9  Model Residuals vs. Fitted Values 
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Figure 5-10  Model 3 Q-Q Plot 
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TABLE 5-6 Model 3 Test Results of Regression Assumptions 

Assumption Test P-value 

Linearity RESET test 8.59E-10 

Normality of 

residuals 
Shapiro-Wilk normality test 0.53880 

Homoscedasticity studentized Breusch-Pagan test 0.067150 

Independence of 

errors 
Durbin Watson Test 0 

No multicollinearity 

VIF VIF value 

Urbanization 4.534859 

Female Labor 4.322893 

Female Education 5.239348 

 
 
 
  



 

126 
 

The summary of the model in Table 5-7 shows that Urbanization and Female Labor, 

individually, do not appear to be significant predictors of TFR in this model while Female 

Education has a significant negative effect on TFR. There are significant interactions 

between Urbanization and Female Education, suggesting that the relationship between TFR 

and Urbanization depends on the level of Female Education. The model seems to fit the 

data very well based on the high R-squared values 99.5% 

Next, the assumptions of regression model are checked:  

§ Linearity: In Figure 5-11, the scatter of points around the horizontal axis is random. 

Also, The p-value of RESET (Table 5-8) 0.099 is greater than the typical 

significance level of 0.05. Therefore, there is no enough evidence to reject the null 

hypothesis. This suggests that there is no strong evidence of a specification error or 

departure from linearity in the model based on the RESET test. In practical terms, 

it implies that the linear regression model adequately captures the linear relationship 

between the predictors and the response variable. 

§ Normality of Residuals: The Q-Q plot in Figure 5-12 does not show serios 

departure from normality. This is confirmed by a p-value of 0.2448 (greater than 

the typical significance level of 0.05) of the Shapiro-Wilk Normality Test (5-8). 

There is not enough evidence to conclude that the residuals significantly deviate 

from a normal distribution. Therefore, based on this test, it can be assumed that the 

residuals are approximately normally distributed. 

§ Homoscedasticity: From the residuals vs. fitted values plot (Figure 5-11), it can be 

observed that the residuals do not follow a pattern which might indicate 

homoscedasticity. The result of Breusch-Pagan test (5-8) confirms that. With a p-
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value (0.05193), there is no enough evidence to reject the null hypothesis of 

homoscedasticity. In practical terms, it means that the variance of the residuals is 

constant across all levels of the independent variables. 

§ Independence of Errors: The p-value of 0 of the Durbin Watson test (5-8) suggests 

strong evidence against the null hypothesis. Therefore, there is evidence of first-

order autocorrelation in the residuals of the regression model.  

§ Lastly, the VIF values (Table 5-8) for Urbanization, Female Labor, and Female 

Education are all 1, suggesting that there is no multicollinearity among these 

predictors. The VIF results suggest that the predictors in the model are not 

correlated, and multicollinearity is not a concern.  
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TABLE 5-7 Model 4 Summary 

Model 
TFR ~ Urbanization + FemaleLabor + 

FemaleEducation+Urbanization:FemaleLabor+Urbanization:FemaleEducation+ 
FemaleLabor:FemaleEducation 

Multiple  
R-squared 0.996 

Adjusted 
R-squared 0.9949 

F-static 985.7 

P-value <2.20E-16 
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Figure 5-11  Model 4 Residuals vs. Fitted Values 
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Figure 5-12  Model 4 Q-Q Plot 
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TABLE 5-8 Model 4 Test Results of Regression Assumptions 

Assumption Test P-value 

Linearity RESET test 0.099 

Normality of residuals Shapiro-Wilk normality test 0.24480 

Homoscedasticity studentized Breusch-Pagan test 0.051930 

Independence of errors Durbin Watson Test 0 

No correlations 

VIF VIF value 

Urbanization 1 

Female Labor 1 

Female Education 1 
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In summary, although adding the interactions in the model improved the R-squared and 

overcame the issue of linearity, the issue of autocorrelation is still there. Considering other 

approaches like transfer functions can be considered at this stage.  

5.2.3 Transfer Functions  

Transfer function models, particularly in the context of time series analysis, can potentially 

address issues of autocorrelation. Transfer function models are designed to capture the 

dynamic relationships between variables, allowing for the inclusion of lagged values and 

exogenous input variables. 

5-9 is the result of an automatic model selection process for an ARIMA (AutoRegressive 

Integrated Moving Average) time series model using the auto.arima function in R. The 

function evaluates different combinations of ARIMA orders and selects the model with the 

lowest Akaike Information Criterion (AIC). In this case, the best model selected by the 

auto.arima function is ARIMA(0,2,0). The numbers in the parentheses represent the order 

of the autoregressive (p), differencing (d), and moving average (q) components of the 

ARIMA model, respectively. 

The AIC values associated with each model are negative, and the model with the lowest 

(most negative) AIC is considered the best fit. In this case, ARIMA(0,2,0) has the lowest 

AIC among the models considered. 

So, the best model chosen is ARIMA(0,2,0), which indicates a second-order differencing 

(d=2) without any autoregressive or moving average components. This implies that the time 

series data might have a trend that needs differencing twice to make it stationary. 
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TABLE 5-9  Competing Models 

Model AIC 

ARIMA(2,2,2)                     -249.8694 

ARIMA(0,2,0)                     -255.7156 

ARIMA(1,2,0)                     -253.8297 

ARIMA(0,2,1)                     -253.7899 

ARIMA(1,2,1)                     -251.9388 
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Below is the summary of model 1 for the ARIMA(0,2,0) model fit to a time series and an 

interpretation of the key components. 

ARIMA Model Information 

ARIMA(0,2,0): This indicates an AutoRegressive Integrated Moving Average model with 

zero autoregressive (AR) terms, two differences (indicating second-order differencing), and 

zero moving average (MA) terms. 

Model Fit Information 

§ sigma^2 = 0.0007429: The estimated variance of the residuals. 

§ Log likelihood = 128.89: The log likelihood of the model given the data. Higher 

values are better. 

§ AIC (Akaike Information Criterion) = -255.79: A measure of the model's goodness 

of fit. Lower values are better. 

§ AICc = -255.72: AIC corrected for small sample sizes. 

§ BIC (Bayesian Information Criterion) = -253.71: Similar to AIC but penalizes 

model complexity more. Lower values are better. 

Training Set Error Measures 

§ ME (Mean Error) = -0.001206543: The average of the forecast errors. 

§ RMSE (Root Mean Squared Error) = 0.02680568: A measure of the average 

magnitude of the forecast errors. 

§ MAE (Mean Absolute Error) = 0.02028274: The average of the absolute forecast 

errors. 

§ MPE (Mean Percentage Error) = 0.01770858: The average percentage difference 

between the forecast and the actual values. 
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§ MAPE (Mean Absolute Percentage Error) = 0.4816512: A percentage version of 

MAE, providing a relative measure of accuracy. 

§ MASE (Mean Absolute Scaled Error) = 0.2588318: Scaled relative to the mean 

absolute error of a naïve forecast. 

§ ACF1 (Autocorrelation of Forecast Errors at Lag 1) = -0.0776905: A measure of 

the autocorrelation in the forecast errors. 

In summary, the model seems to have a good fit to the training data based on the given error 

measures and information criteria. 

Now, the model will be assessed after adding the predictors: female education, female 

labor, urbanization and GDP.  

Below is the summary for model 2 that includes a regression component with exogenous 

variables along with ARIMA(0,2,0) errors and interpretation of the key components. 

Regression Coefficients: 

§ exog_urbanization: -0.0057 

§ exog_GDP: 0 (coefficient is zero) 

§ exog_FemaleLabor: 0.0111 

§ exog_FemaleEducation: -0.0056 

Standard errors (s.e.) are also provided for each coefficient. 

§ exog_urbanization: 0.0106          

§ exog_GDP: 0    

§ exog_FemaleLabor: 0.0116  

§ exog_FemaleEducation: 0.0144 

ARIMA Model Information: 
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ARIMA(0,2,0): This indicates an AutoRegressive Integrated Moving Average model with 

zero autoregressive (AR) terms, two differences (indicating second-order differencing), and 

zero moving average (MA) terms. 

Model Fit Information: 

§ sigma^2 = 0.0007822:  

§ Log likelihood = 129.45  

§ AIC = -248.9  

§ AICc = -247.77 

§ BIC (Bayesian Information Criterion) = -238.51 

Training Set Error Measures: 

§ ME (Mean Error) = -0.001137512 

§ RMSE (Root Mean Squared Error) = 0.02655678 

§ MAE (Mean Absolute Error) = 0.01933895 

§ MPE (Mean Percentage Error) = 0.02425205 

§ MAPE (Mean Absolute Percentage Error) = 0.4586414 

§ MASE (Mean Absolute Scaled Error) = 0.2467879 

§ ACF1 (Autocorrelation of Forecast Errors at Lag 1) = -0.06131313 

In summary, the model includes a regression component with coefficients for exogenous 

variables, and the ARIMA errors follow a (0,2,0) structure. The model seems to have a 

good fit to the training data based on the given error measures and information criteria. 

Since the GDP is not adding any effect, the model will be assessed without the GDP. The 

summary of model 3 indicates the following: 

Regression Coefficients: 
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§ exog_urbanization: -0.0013 

§ exog_FemaleLabor: 0.0112 

§ exog_FemaleEducation: -0.0049 

Standard errors (s.e.) are also provided for each coefficient. 

§ exog_urbanization: 0.0821 

§ exog_FemaleLabor: 0.0117                 

§ exog_FemaleEducation: 0.0144 

ARIMA Model Information: 

ARIMA(0,2,0): This indicates an AutoRegressive Integrated Moving Average model with 

zero autoregressive (AR) terms, two differences (indicating second-order differencing), and 

zero moving average (MA) terms. 

Model Fit Information: 

§ sigma^2 = 0.0007703 

§ log likelihood = 129.37 

§ AIC (Akaike Information Criterion) = -250.74 

§ AICc = -249.99:  

§ BIC (Bayesian Information Criterion) = -242.42 

Training Set Error Measures: 

§ ME (Mean Error) = -0.001151452 

§ RMSE (Root Mean Squared Error) = 0.02659263 

§ MAE (Mean Absolute Error) = 0.01943455 

§ MPE (Mean Percentage Error) = 0.02246131 

§ MAPE (Mean Absolute Percentage Error) = 0.4593915 
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§ MASE (Mean Absolute Scaled Error) = 0.2480079 

§ ACF1 (Autocorrelation of Forecast Errors at Lag 1) = -0.06614485 

In summary, the model includes a regression component with coefficients for exogenous 

variables, and the ARIMA errors follow a (0,2,0) structure. The model appears to have a 

better than the model with the GDP included based on the AIC value.  

Model Forecasting 

To evaluate the accuracy of a Transfer Function model in predicting average TFR in MENA 

region, the dataset is divided into training (1960-2015) and testing (2016-2020) sets, 

encompassing 90% and 10% of the available data, respectively. 

Transfer Function models will be applied to the entire set of predictors collectively and 

individually. The objective is to identify the model with the best fit for TFR prediction. 

a) Model Evaluation: The accuracy of each model will be assessed by comparing the 

AIC and errors.  The model demonstrating the highest accuracy during the 

evaluation phase will be selected. 

b) Validation: The selected model will be used to predict TFR for the validation 

period (2016-2020). 

c) Comparison and Analysis: Forecasted TFR values will be compared to actual data 

for the validation period, and the accuracy of the overall forecasting will be 

analyzed. 

d) Forecasting: The selected model will be used to forecast the average MENA TFR 

Table 5-10 summarizes the results of the Transfer Function with ARIMA (0,2,0) models 

fitted on the TFR data from 1960-2015: 
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§ Model 1: This model serves as the baseline without any regressors. It provides an 

AIC value and error metrics that can be used for comparison. 

§ Model 2: This model includes all regressors. It generally improves AIC and error 

metrics compared to the baseline, indicating that including these predictors 

contributes to a better fit. 

§ Model 3: This model excludes GDP as a predictor. It shows slightly improved AIC 

and some error metrics compared to model 2, suggesting that GDP might not be a 

significant contributor. 

§ Model 4:  This model considers only Urbanization. While AIC is similar to model 

2, it performs slightly worse in some error metrics. 

§ Model 5: This model considers only Female Education. It performs similarly to 

model 4 but with different error patterns. 

§ Model 6: This model considers only Female Labor. It has a similar AIC to model 1 

and performs well in some error metrics. 

Based on the AIC and error measures, model 1 and model 6 are considered the best fit with 

a slight difference between them. Thus, both models will be used to forecast the average 

TFR from 2016-2020. Then the model with the smallest difference from the actual average 

TFR will be used to forecast the average TFR from 2021-2026. 
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TABLE 5-10 Transfer Function with ARIMA (0,2,0) Models from 1960-2015 

Model Regressors Coefficients A
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Table 5-11 and Figure 5-13 show the forecasted values using model 1 (no regressors). The 

blue range represents the 80% prediction interval, which means there is an 80% probability 

that the true value will fall within this interval. The grey range represents the 95% 

prediction interval, providing a wider range with a 95% probability. It can be observed that 

the model consistently overestimates the average TFR across the years, as indicated by the 

negative differences. 

On the other hand, Table 5-12 and Figure 5-13 show the forecasted values using model 6 

(female labor only). It can be observed that the model consistently underestimates the 

average TFR across the years, as indicated by the positive differences. 

Based on the provided metrics, model 1 shows smaller differences and percentage errors in 

the forecasted values compared to the actual values. Thus, although model 6 has slightly a 

lower AIC, when considering both the AIC and the forecast accuracy, model 1 seems to be 

a better fit for forecasting the MENA average TFR. Hence, model 1 will be used to forecast 

average TFR from 2021-2026.  
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TABLE 5-11  Difference Between Actual Average TFR and Forecasted Average 

TFR Using Model 1 

Year Actual 
Average 
TFR 

Forecasted 
Average 
TFR 

Difference Difference 
% 

Lo 
80 

Hi 
80 

Lo 
90 

Hi 
90 

2016 2.87 2.93 -0.06 -2.0% 2.90 2.96 2.88 2.98 
2017 2.84 2.91 -0.07 -2.4% 2.83 2.98 2.79 3.02 
2018 2.78 2.88 -0.10 -3.6% 2.76 3.01 2.70 3.07 
2019 2.70 2.86 -0.16 -5.9% 2.68 3.04 2.59 3.13 
2020 2.66 2.84 -0.18 -6.7% 2.60 3.08 2.47 3.21 
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Forecasted Average TFR 

Actual TFR 

80% Prediction Interval  

95% Prediction Interval  

Figure 5-13 Actual vs. Forecasted Average TFR Using Model 1 
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TABLE 5-12 Difference Between Actual Average TFR and Forecasted Average TFR 

Using Model 6 

Year Actual 
Average 
TFR 

Forecasted 
Average 
TFR 

Difference Difference 
% 

Lo 
80 

Hi 
80 

Lo 
90 

Hi 
90 

2016 2.87 2.54 0.33 11.4% 2.51 2.58 2.49 2.59 
2017 2.84 2.51 0.33 11.5% 2.44 2.58 2.40 2.62 
2018 2.78 2.48 0.30 10.8% 2.36 2.60 2.30 2.67 
2019 2.70 2.45 0.25 9.2% 2.28 2.63 2.18 2.72 
2020 2.66 2.42 0.24 8.9% 2.18 2.66 2.06 2.79 
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95% Prediction Interval  

Figure 5-14  Actual vs. Forecasted Average TFR Using Model 6 
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Figure 5-14 represents the estimated value of the average TFR from 2021-2026 along with 

prediction intervals using model 1. The blue range represents the 80% prediction interval, 

and the grey range represents the 95% prediction interval. 

For example, taking the year 2021: 

§ Point Forecast: 2.5826 

§ Lo 80: 2.5470, Hi 80: 2.6182 

§ Lo 95: 2.5282, Hi 95: 2.6370 

These values suggest that, based on the model, the expected average TFR in 2021 is 

estimated to be around 2.5826, and there is an 80% probability that the true value will be 

between 2.5470 and 2.6182, and a 95% probability that it will be between 2.5282 and 

2.6370. The same interpretation applies to subsequent years in the forecast. 

Looking at the provided forecast, if the point forecasts for future years are consistently 

decreasing, it suggests a declining trend in the predicted TFR. 
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Figure 5-15 Forecasted Average TFR from 2021-2026 Using Model 1 



 

148 
 

6 CHAPTER 6 

RESULTS AND CONCLUSION 

This chapter summarizes the conclusions of the three research questions in addition to the 

limitations and recommendations for future research.  

6.1 Distribution of Fertility Rates 

The first research question aimed to provide an insightful exploration into the distribution 

of fertility rates in the Middle East and North Africa (MENA) region. The diversity in 

fertility rates revealed not only the heterogeneity within MENA but also the dynamic nature 

of reproductive behaviors.  In summary, this analysis of fertility rate data in the Middle 

East and North Africa (MENA) region from 1960 to 2021 has yielded valuable insights into 

the changing demographic landscape. Fertility rates have exhibited a consistent and notable 

decline over the decades, indicative of evolving population dynamics. The data initially 

displayed characteristics of a left-skewed and leptokurtic distribution, but over time, it 

transitioned towards a more symmetrical and less heavy-tailed pattern. 

However, it's important to acknowledge the limitations of this study. First and foremost, 

the analysis relies on publicly available demographic databases and World Bank reports. 

As such, the accuracy and completeness of the data are contingent on the sources 

themselves. Variabilities or inconsistencies in data collection methodologies among 

different regions within the MENA area may introduce uncertainties. Furthermore, this 

study does not delve into the underlying causes of the observed changes in fertility rates. 
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While the data shows a consistent decline, further research is needed to explore the complex 

socio-cultural, economic, and policy factors that drive these demographic shifts. 

Despite these limitations, these findings have far-reaching implications for policy planning, 

resource allocation, healthcare services, and family planning programs in the MENA 

region. Policymakers can use this information to make informed decisions regarding 

healthcare, education, social services, and labor markets. Demographers and researchers 

can leverage these insights to better understand demographic trends and anticipate future 

population shifts. 

The analysis reaffirms the suitability of the Generalized Extreme Value (GEV) distribution 

in modeling TFR as extreme values, aligning with the presence of outlier events within the 

fertility rate data. The suitability of the GEV for any years above other distributions tend to 

make us view fertility rates as natural extreme value or the maximum rates of fertility. This 

is crucial for risk assessment and management in demography and other various fields, such 

as finance, insurance, and economics, where understanding extreme events is of paramount 

importance. 

As the MENA region continues to undergo demographic changes, this study provides a 

foundational understanding of fertility rate distribution that can inform future policies and 

initiatives, contributing to the region's socio-economic development and well-being. These 

findings and their implications serve as a steppingstone for further in-depth research into 

the underlying factors driving these changes and their broader societal impacts. 
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6.2 Statistical Modeling of Fertility Rates 

In the rapidly evolving landscape of the Middle East and North Africa (MENA) region, 

characterized by swift demographic transitions, the application of statistical modeling 

emerges as an indispensable tool. This chapter has undertaken a journey to explore and 

analyze fertility patterns in MENA through the lens of statistical modeling, aiming to 

provide a nuanced understanding of the region's fertility trends over time. 

The integration of regression and time series modeling approaches has provided a 

comprehensive understanding of fertility dynamics in the MENA region. The declining 

trend in fertility rates, as indicated by both models, aligns with global patterns of 

demographic transition. 

However, the identified limitations and model violations underscore the complexity of 

fertility dynamics. Policymakers and researchers should approach findings with caution, 

recognizing the need for ongoing refinement and exploration of alternative models. The 

combination of regression and time series modeling offers a more nuanced understanding 

of the multifaceted factors influencing fertility in MENA. 

As the MENA region continues its demographic transition, future research endeavors could 

delve deeper into specific sub-regional variations, consider additional variables, and 

explore the evolving impact of global trends on reproductive behaviors. The collaboration 

between statistical modelers, demographers, and policymakers remains crucial for 

developing targeted interventions that address demographic challenges and promote 

sustainable development in the MENA region. 

In conclusion, this chapter serves as a testament to the power of statistical modeling in 

unraveling the intricate tapestry of fertility rates in MENA. While the journey has provided 
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valuable insights, it is a call to action for continued exploration, refinement, and 

collaboration to navigate the evolving demographic landscape of the MENA region. 

6.3 Determinants of Fertility in MENA 

For the third research question, an in-depth exploration of the determinants influencing 

fertility in MENA was conducted. Urbanization emerged as a critical factor, reflecting the 

complex interplay between urban development and demographic outcomes. Female 

empowerment, as manifested through education and labor force participation, also proved 

pivotal.  

The final model incorporates exogenous variables (urbanization, female labor, female 

education) and ARIMA(0,2,0) model. GDP is excluded based on its lack of significance. 

The model provides forecasts for future fertility rates with associated prediction intervals, 

offering insights into expected trends. The forecasted values suggest a declining trend in 

predicted average TFR, providing insights into potential future fertility rate patterns in the 

MENA region. 

In summary, this study contributes to understanding the complex dynamics of fertility rates 

in the MENA region, providing a foundation for future research and policy considerations. 

The nuanced understanding gained from this analysis contributes to the broader discourse 

on reproductive behaviors, offering policymakers and researchers a comprehensive view of 

the forces shaping fertility in the region. As we navigate the evolving landscape of societal 

norms and economic structures, these determinants serve as guideposts for formulating 

targeted interventions to address demographic challenges and promote sustainable 

development. 
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6.4 Limitations: 

§ Data Limitations: The study relies on available data from the World Bank, and 

data completeness and accuracy may be subject to limitations inherent in 

international databases. Lack of granularity in certain variables, such as detailed 

educational attainment or specific urbanization factors, may restrict a more nuanced 

analysis. 

§ Regional Variability: The MENA region is diverse in terms of cultural, economic, 

and political contexts. Generalizing findings to the entire region may overlook sub-

regional variations and unique country-level dynamics. 

§ Omitted Variables: The models may not include all relevant determinants of 

fertility rates. Factors such as cultural shifts, government policies, and social norms, 

which are challenging to quantify, may contribute significantly. 

§ Policy Dynamics: The study does not explicitly consider the impact of policy 

changes or interventions on fertility rates. A more explicit exploration of policy 

variables and their effects could enhance the practical applicability of the research. 

6.5 Recommendations for Future Research: 

§ Qualitative Studies: Conduct qualitative studies to complement quantitative 

findings, capturing the cultural, social, and contextual nuances that may influence 

fertility decisions. 

§ Sub-Regional Analyses: Break down the analysis into sub-regional or country-

level studies to account for variations in fertility determinants within the MENA 

region. 
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§ Policy Impact Assessment: Investigate the direct impact of specific policies on 

fertility rates, considering variations in policy implementation across countries. 

§ Forecast Validation: Validate model forecasts against real-time data as they 

become available, refining the model over time and ensuring its relevance for policy 

and decision-making. 

In addressing these limitations and pursuing these recommendations, future research can 

contribute to a more comprehensive and nuanced understanding of fertility determinants in 

the MENA region. 

6.6 Overall Conclusion  

In conclusion, our journey through the distribution, statistical modeling, and determinants 

of fertility rates in MENA has unveiled a multifaceted landscape. The spatial analysis 

revealed geographical variations, prompting a deeper examination of localized factors 

influencing reproductive behaviors. Our statistical models, despite encountering 

challenges, provided valuable insights into the relationships between urbanization, female 

empowerment, and fertility rates. The determinants explored, including urbanization and 

female empowerment through education and labor force participation, emerged as crucial 

forces shaping demographic patterns in MENA. 

As we synthesize these conclusions, it becomes evident that a holistic understanding of 

fertility dynamics in MENA requires an interdisciplinary approach. The combination of 

spatial analysis, statistical modeling, and exploration of determinants offers a 

comprehensive perspective that is crucial for policymakers, researchers, and practitioners. 

The findings contribute not only to the academic discourse on demography but also provide 
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actionable insights for formulating evidence-based policies aimed at addressing the unique 

challenges and opportunities within the MENA region. 

This study, while comprehensive, is a steppingstone in the ongoing journey to unravel the 

complexities of fertility dynamics. Future research endeavors could delve deeper into 

specific sub-regional variations, consider additional variables, and explore the evolving 

impact of global trends on reproductive behaviors in MENA. The quest for knowledge 

continues, guided by the commitment to advancing our understanding of the intricate 

interplay between socioeconomic, cultural, and policy factors shaping fertility rates. 

Further investigations should embrace a multidisciplinary approach, incorporating insights 

from sociology, demography, economics, and anthropology to capture the rich tapestry of 

influences on family planning decisions.  

As we move forward, researchers should actively engage with policymakers, translating 

empirical findings into practical recommendations that can inform targeted interventions 

and strategies. Ultimately, this ongoing scientific exploration stands as a testament to the 

collective dedication to unraveling the mysteries surrounding fertility dynamics in the 

MENA region and contributing to the global discourse on population dynamics and 

sustainable development. 

 

 
  



 

155 
 

References 
[1] Box, George, Jenkins, G. M., & Reinsel, G. (2008). ime Series Analysis: Forecasting 

and Control. Hoboken: John Wiley & Sons, Inc.,. 

[2] World Development Indicators. (2022, December 22). From World Bank: 
https://datacatalog.worldbank.org/search/dataset/0037712 

[3] Arenberg, S., Kuruc, K., Franz, N., Vyas, S., Lawson, N., LoPalo, M., . . . Spears, D. 
(2022, December). Intergenerational Transmission Is Not Sufficient for Positive 
Long-Term Population Growth. Demography, 69(6), 2003–2012. 

[4] Pourreza, A., Sadeghi, A., Amini-Rarani, M., Khodayari-Zarnaq, R., & Jafari, H. 
(2021, March 25). Contributing factors to the total fertility rate declining trend in 
the Middle East and North Africa: a systemic review. Journal of Health, 
Population and Nutrition. From 
https://jhpn.biomedcentral.com/articles/10.1186/s41043-021-00239-w 

[5] Casella, G., & Berger, R. (2002). Statistical Inference. Pacific Grove: Duxbury . 

[6] Kaplan, J., Gabrosek, J., Curtiss, P., & Malone, C. (2014). Investigating Student 
Understanding of Histograms . Journal of Statistics Education. 

[7] Middle East and North Africa (MENA) Regional Update. (2021). From World Bank: 
https://thedocs.worldbank.org/en/doc/e1ee32f3549c5283c46ca44047843890-
0280012021/original/World-Bank-2021-MENA-Regional-Update.pdf 

[8] Fertility rate, total (births per woman) - Middle East & North Africa. (2023). From 
The World Bank: 
https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?locations=ZQ&most_rece
nt_value_desc=true 

[9] Buyukkececi , Z., & Engelhardt, H. (2021, July). On the Relationship between 
Fertility, Development and Gender Equality: A Comparison of Western and 
MENA Countries. Comparative Population Studies, 46. 

[10] Michael H. Kutner, C. J. (2003). Applied Linear Regression Models . From McGraw-
Hill Companies: http://www.cnachtsheim-
text.csom.umn.edu/Appendix%20C%20Data%20Sets.html 

[11] Horton, M. (2022). Regressive vs. Proportional vs. Progressive Taxes: What's the 
Difference? From Investopedia: 
https://www.investopedia.com/ask/answers/042415/what-are-differences-
between-regressive-proportional-and-progressive-taxes.asp 

[12] Nkalu, C. N. (2021, September). Dynamics of environmental pollution, socio-
economic factors, and total fertility rate in MENA, ECOWAS, and ASEAN 
regions. Health Care Women Int .  



 

156 
 

[13] Aboulghasem Pourreza, A. S.-R.-Z. (2021). Contributing factors to the total fertility 
rate declining trend in the Middle East and North Africa: a systemic review. 
Journal of Health, Population and Nutrition. 

[14] Yang, M. S. (2018). Determinants of Fertility and Population Policies in MENA 
Countries. Economic Research Forum. 

[15] Desiderio, R. (2020). The Impact of International Migration on Fertility: An 
Empirical Study. KNOMAD. 

[16] Tomáš Sobotka, A. M. (2019). Policy responses to low fertility: How effective are 
they? UNFPA Population & Development Branch. 

[17] Veera Mendonca, M. D. (2019). MENA GENERATION 2030 Investing in children 
and youth today to secure a prosperous region tomorrow. UNICEF. 

[18] Bongaarts, J., & Feeney, G. (1998). On the quantum and tempo of fertility,. Policy 
Research Division Working Paper no. 109. New York: Population Council.  

[19] Hayes, A. (2023, April 29). Multiple Linear Regression (MLR) Definition, Formula, 
and Example. From Investopedia: https://www.investopedia.com/terms/m/mlr.asp 

[20] Kotz, S., & Nadarajah, S. (2002). Extreme Value Distributions Theory and 
Applications. London: Imperial College Press . 

[21] Medford, A., & Vaupel, J. W. (2019). Extremes are not normal: a reminder to 
demographers. Journal of Population Research. 

[22] Aarssen, K., & Haan, L. d. (1994). On the maximal life span of humans . An 
International Journal of Mathematical Demography, 259-281. 

[23] Hanayama, N., & Sibuya, M. (2015). Estimating the Upper Limit of Lifetime 
Probability Distribution, Based on Data of Japanese Centenarians. Oxford 
University Press . 

[24] Rootzén, H., & Zholud, D. (2017). uman life is unlimited – but short. Extremes. 

[25] Gbari, S., Tallinn, u., Dal, L., & Denuit, M. (2017). Extreme Value Analysis of 
Mortality at the Oldest Ages: A Case Study Based on Individual Ages at Death. 
North American Actuarial Journal . 

[26] Vaupel, J. W., & Oeppen, J. &. (2002). Broken limits to life expectancy. . Science, 
1029–1031. 

[27] Basellini, U., Lenart, A., Canudas-Romo, V., & Lenart, A. (2018). Location–scale 
models in demogra- phy: A useful re-parameterization of mortality models. . 
European Journal of Population.  



 

157 
 

[28] Canudas-Romo, V., Mazzuco, S., & & Zanotto, L. (2018). Chapter 10—measures 
and models of mortality. . Integrated population biology and modeling. 

[29] Gumbel, E. (1958). Statistics of extremes. New York: Columbia University Press.  

Schmertmann, C. P., & Hauer, M. E. (2019). Bayesian estimation of total fertility from a 
population’s age–sex structure. Statistical Modelling. 

[30] Kaloyanov, T. (2011). Research on the Fertility of Bulgarian Women. Romanian 
Statistical Review. 

[31] Watts, R., Lane, S., Hanslik, T., Hauser, T., Hellmich, B., Koldingsnes, W., . . . 
Scott, D. (2006). Development and validation of a consensus methodology for the 
classification of the ANCA-associated vasculitides and polyarteritis nodosa for 
epidemiological studies. Ann Rheum Dis. 

[32] Frank, O. (2022, December 31). THE DEMOGRAPHY OF FERTILITY AND 
INFERTILITY. From Geneva Foundation for Medical Education and Research: 
https://www.gfmer.ch/Books/Reproductive_health/The_demography_of_fertility_
and_infertility.htm 

[33] OECD. (2023). Fertility rates (indicator). From The Organisation for Economic Co-
operation and Development (OECD) : https://data.oecd.org/pop/fertility-rates.htm 

[34] Medford. (2017). Best-practice life expectancy: An extreme value approach. . 
Demographic Research, 36, 989–1014. 

[35] World Development Indicators. (2022, Decwmbwe 22). From World Bank: 
https://datacatalog.worldbank.org/search/dataset/0037712 

[36] New tool determines reserves of mature oil and gas fields. (2009). Oil & Gas 
Journal. 

[37] Feller, W. (1971). An Introduction to Probability Theory and Its Applications. John 
Wiley & Sons. 

[38] Hartigan, J. A., & Hartigan, P. M. (1985). The Dip Test of Unimodality. The Annals 
of Statistics,, 70–84. 

[39] Pezzulo, C., Nilsen, K., Carioli, A., Tejedor-Garavito, N., Hanspal, S. E., Hilber, T., . 
. . Tatem, A. J. (2021). Geographical distribution of fertility rates in 70 low-
income, lower-middle-income, and upper-middle-income countries, 2010–16: a 
subnational analysis of cross-sectional surveys. Lancet Glob Health, E802-E812. 

[40] Argote, M. (2007). Estimation of the statistical distribution of the global fertility rate. 
Papeles de Población, 87-113. 



 

158 
 

[41] Mishra, R., Singh, B. P., Singh, K. K., & Singh, S. (2018). Effect of Sample Size on 
Estimation of Fertility using Open Birth Interval Data. Demography India . 

[42] Pasupuleti, S. S., & Chattopadhyay, A. K. (2013). Probability distributions of 
number of children and maternal age at various order births using age-specific 
fertility rates by birth order. Sankhya B . 

[43] Gaire, A. K., & Aryaf, R. (2015). Inverse Gaussian Model to Describe the 
Distribution of Age Specific Fertility Rates of Nepal. Journal of Institute of 
Science and Technology. 

[44] Awad, M. A. (2014). Explaining the decline in fertility among citizens of the GCC 
countries: the case of the UAE Article information. Education, Business and 
Society:Contemporary Middle Eastern Issues. 

[45] Lari, N. A., & Al-Rakeb, N. A. (2019). Fertility Transitions in Qatar: The Dynamics 
betweenWomen’s Socioeconomic Status and Fertility. International Journal of 
Current Research and Review. 

[46] Islam, M. M., Dorvlo, A. S., & Al-Qasmi, A. M. (2011). Proximate Determinants of 
DecliningFertility in Oman in the 1990s. Canadian Studies in Population . 

[47] Al-Kandari, Y. (2007). Fertility and Its Relationship with Sociocultural Factors in 
Kuwaiti Society. Eastern Mediterranean health journal. 

[48] Sabermahani, A., Goudarzi, R., & Nasiri, S. (2017). 138 Vol. 11, No. 3, September 
2017 http://jfrh.tums.ac.ir Journal of Family and Reproductive Health � Factors 
Affecting Fertility Rate in Iran (Panel Data 1966-2013):A Survey Study. Journal 
of Family & Reproductive Health. 

[49] Islam, M. N., Hossain, M. G., Karim, M. R., Islam, M. R., Lestrel, P. E., & Islam, M. 
A. (2014). Fertility Analysis of Bangladesh Population Using theRevised 
Bongaart’s Model. Advances in Life Sciences, 44-51. 

[50] Alkema, L., Raftery, A. E., Gerland, P., Clark, S. J., Pelletier, F., Buettner, T., & 
Heilig, G. K. (2011). Probabilistic Projections of the Total Fertility Ratefor All 
Countries. Demography, 815–839. 

[51] Peristera, P., & Kostaki, A. (2007). Modeling Fertility in Modern Populations. 
Demographic Research, 141-194. 

[52] Singh, B. P., Singh, S., & Chaurasia, A. R. (2021). An Indirect Method to Estimate 
Total Fertility Rate on the Basis ofthe Moments of Age Distribution of Women in 
Reproductive age. International Journal of Scientific Research and Management 
(IJSRM), 296-314. 

 



 

159 
 

Vitae 

 
Name    :Dena Alhaloul 

Nationality   :Canadian 

Date of Birth   :4/19/1995 

 Email    deena.alhaloul@gmail.com  

Address  2857-2925 Prince Sultan Road, Al Andalus, Al Khobar 

34437, Saudi Arabia  

Academic Background Bachelor’s degree in Management Information Systems             

from Dar Al- Hekma University in Jeddah, Saudi Arabia. 

 Paper “Distribution of Fertility Rates in MENA” submitted 

to Demography Journal on December 1, 2023.  

 

 

mailto:deena.alhaloul@gmail.com

