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Abstract - In this research article, the ANN approach was applied to analyze TFR in Morocco. The employed annual data 

covers the period 1960-2018 and the out-of-sample period ranges over the period 2019-2030. The residuals and forecast 

evaluation criteria (Error, MSE and MAE) of the applied model indicate that the model is stable in forecasting TFR in 

Morocco. The results of the study indicate that annual total fertility rates in Morocco are generally likely to remain 

around 2.4 births per woman throughout the out-of-sample period. Therefore, the authorities in Morocco are encouraged 

to continue improving access to sexual and reproductive health (SRH) services among adolescents and young adults to 

prevent adverse SRH outcomes, and empowerment of women. 
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I. INTRODUCTION 

Sexual and reproductive health rights are critical for economic development. As agreed during the International 

conference on Population and development in Cairo, Egypt in 1994, signatories to the conference are supposed to ensure universal 

access to SRH services especially for adolescent girls and young woman. The conference recognized the sexual and reproductive 

rights of every individual or couple, however women’s sexual and reproductive rights became a big issue as there is rampant 

violation of their rights across the globe. Women must be accorded their rights to choose their sexual partners, number of children 

they wish to have and time of childbearing. They must have equal access to health information, education and SRH services. 

Many adolescent girls and women in Sub-Saharan Africa are at high risk of unwanted pregnancies, unsafe abortions, and STIs 
(Newman et al, 2015; Vos et al, 2013; Chinsembu, 2009). Lack of comprehensive knowledge on SRH services increases the risk 

of poor SRH outcomes (Newton-Levinson et al, 2016; Elkak, 2013; Aquaiz et al, 2012; Kahhalch, 2009; Dejong et al, 2007). In 

2016 Morocco recorded 22 000 people living with HIV (UNAIDS, 2016) and 4800 adolescents were living with HIV in MENA 

countries (UNICEF, 2018). El Kazdouh et al (2019) revealed that successful intervention programs should target the multifaceted 

factors affecting the adolescent’s sexual behaviors, from the individual to the societal level. Coast et al (2019) examined early 

adolescent understandings and experiences of sexual and reproductive health (SRH) in Ethiopia and Rwanda, drawing on a 

multisite qualitative research study with 10- to 12-year-old and 14- to 15-year-old male and female adolescents and a range of 

adult participants. The authors concluded that there is need for program designers and implementers to address the role of 

underlying social norms in a more strategic and context-specific way to help young people navigate their sexual and reproductive 

lives. Pearce (2019) explored adolescent access to reproductive health services through the experiences of adolescent girls and 

healthcare providers in Namibia by conducting a qualitative case study. The data was collected through interviews with adolescent 
girls and key-informants who are experienced healthcare providers. The findings showed that the girls have access to SRHS. 

However, they lack a comprehensive understanding of their sexual and reproductive health rights (SRHR). 

Morocco has recorded a decline in TFR over the years from 7.1 births per woman in 1965 to 2.4 births per woman in 

2020. The country reported an infant mortality of 16.1 infant deaths per 1000 live births in 2020 (Worldometer, 2020). The aim of 

this study is to project TFR in Morocco using a machine learning algorithm. The findings of the study are expected to reveal the 

fertility trends in the out of sample period to facilitate planning and resource mobilization for health, education and employment 

creation.  

II. METHODOLOGY 

The Artificial Neural Network (ANN) approach, which is flexible and capable of nonlinear modeling; will be applied in 

this study. The ANN is a data processing system consisting of a large number of highly interconnected processing elements in 

architecture inspired by the way biological nervous systems of the brain appear like. Since no explicit guidelines exist for the 

determination of the ANN structure, the study applies the popular ANN (12, 12, 1) model based on the hyperbolic tangent 
activation function.  This paper applies the Artificial Neural Network (ANN) approach in predicting annual total fertility rates in 

Morocco. 
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Data Issues 

This study is based on annual total fertility rate (births per woman)in Morocco for the period 1960 – 2018.The out-of-

sample forecast covers the period 2019 – 2030.All the data employed in this research paper was gathered from the World Bank 

online database.   

 

III. FINDINGS OF THE STUDY 

ANN Model Summary   

Table 1: ANN model summary 

Variable M 

Observations 47 (After Adjusting Endpoints) 

Neural Network Architecture:  

Input Layer Neurons 12 

Hidden Layer Neurons 12 

Output Layer Neurons 1 

Activation Function Hyperbolic Tangent Function 

Back Propagation Learning:  

Learning Rate 0.005 

Momentum 0.05 

Criteria:  

Error 0.043744 

MSE 0.013046 

MAE 0.086803 

 

 

Residual Analysis for the Applied Model 

 

Figure 1: Residual analysis 
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In-sample Forecast for M 

 

Figure 2: In-sample forecast for the M series 

Out-of-Sample Forecast for M: Actual and Forecasted Graph 

 

Figure 3: Out-of-sample forecast for M: actual and forecasted graph 

Out-of-Sample Forecast for M: Forecasts only 

Table 2: Tabulated out-of-sample forecasts 

Year Forecasts 

2019 2.4412 

2020 2.4021 

2021 2.4518 

2022 2.4569 

2023 2.4467 

2024 2.4842 

2025 2.4733 

2026 2.5066 

2027 2.4913 

2028 2.4760 

2029 2.5258 

2030 2.4486 
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The main results of the study are shown in table 1. It is clear that the model is stable as confirmed by evaluation criterion 

as well as the residual plot of the model shown in figure 1. It is projected that annual total fertility rates in Morocco are generally 

likely to remain around 2.4 births per woman throughout the out-of-sample period. 

IV. CONCLUSION & RECOMMENDATIONS 

Total fertility rates have been declining over the past years in Morocco alongside a decrease in infant and child mortality 

rates. In this paper we applied an artificial neural network approach to predict TFR in Morocco and the ANN model projections 

revealed that annual total fertility rates in Morocco are generally likely to remain around 2.4 births per woman throughout the out-

of-sample period. Therefore the Moroccan government is advised to continue improving access to sexual and reproductive health 

(SRH) services among adolescents and young adults to prevent adverse SRH outcomes and empowerment of women. 
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