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Abstract - This study uses annual time series data of adolescent fertility rate for Libya from 1960 to 2020 to predict future 

trends of adolescent fertility rate over the period 2021 to 2030. The study utilizes Holt’s linear exponential smoothing 

model. The optimal values of smoothing constants α and β are 0.9 and 0.9 respectively based on minimum MSE. The 

results of the study indicate that annual adolescent fertility will remain low throughout the out of sample period. 

Therefore, we encourage authorities in Libya to continue promoting girl child education and protecting sexual and 

reproductive health rights of women and girls.  
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I. INTRODUCTION 

Teenage conception is a very challenging experience for the mother and her family. The physical and mental trauma the 

pregnant teenager goes through is unbearable in most of the cases (Natividad, 2014).  The thought of being a parent and dropping 

out of school will leave deep wounds in the hearts of many adolescent girls (Wado et al. 2019; Mathewos &Mekuria, 2018; 

Pradhan et al. 2018;Lee, 2010). Stigma and discrimination cannot go unmentioned as peers and members of the society will talk 

about it and making it „breaking news‟. Local media platforms have a tendency of publicizing everything about victims of sexual 

abuse further traumatizing survivors of rape (WHO, 2015; Raj & Boehmer, 2013). Teenage pregnancy is a medical and social 

problem due to its association with certain medical complications that may lead to loss of life and can cause long term 

psychological harm to the teenage mother and her family (Ayamolowo et al. 2019). Previous studies have established that 

pregnant teenagers can suffer from depression and end up committing suicide (Dare et al. 2016; Undiyaundeye et al. 2015). Other 

studies revealed that adverse sexual and reproductive health outcomes can occur such as vaginal bleeding during the antenatal 

period, pregnancy induced hypertension, anemia, preterm birth, low birth weight and severe prematurity (Sserwanja et al. 2021; 

Sserwanja& Kawuki, 2020; Ayanawet al. 2018; Ganchimeg et al. 2014; Kurth et al. 2010; Chen et al. 2007). It has also been 

reported that teenage mothers have an increased risk of experiencing adverse SRH outcomes when compared with older women in 

the 20-24 year age group (Okonofua, 2013; Paton, 2009; WHO, 2007). It is important to mention that prevention of teenage 

pregnancy is key in the reduction of obstetric complications such as maternal morbidity and mortality (UN, 2020; WHO, 2019; 

UNICEF, 2018; UN, 2016; UN, 2015; WHO, 2012). Improving education level has been found to increase the age at marriage, 

labor participation and reduce early child marriages (Mehraet al. 2018). The general decline in adolescent fertility across Africa 

has been attributed to increase in contraceptive prevalence, improved knowledge on family planning, improvements in the 

education sector and awareness campaigns among communities (Worku et al. 2021; Undie et al. 2015). In the case of Libya, 

World Bank has revealed that adolescent fertility declined gradually from around 120 births per 1000 females aged 15-19 in 1960 

to levels around 5 births per 1000 females aged 15-19 in 2020.  

The purpose of this study is to model and project future trends of adolescent fertility for Libya using Holt‟s double 

exponential smoothing technique. The research findings are expected to highlight the future burden of adolescent births in the out 

of sample period. This is expected to guide policies, planning and allocation of resources to teenage pregnancy prevention 

program activities with the aim of ending teenage pregnancy and child marriages in the country.  

II. METHODOLOGY 

This study utilizes an exponential smoothing technique to model and forecast future trends of adolescent fertility rate in 

Libya. In exponential smoothing forecasts are generated from the smoothed original series with the most recent historical values 

having more influence than those in the more distant past as more recent values are allocated more weights than those in the 
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distant past. This study uses the Holt‟s linear method (Double exponential smoothing) because it is an appropriate technique for 

modeling linear data. 

Holt‟s double exponential smoothing model is specified as follows: 

Model equation 

𝑌𝑡=𝜇𝑡  + 𝜌𝑡t + 𝜀𝑡  

Smoothing equation 

𝐿𝑡= 𝛼𝑌𝑡  + (1-α)(𝐿𝑡−1+𝑏𝑡−1) 

0<α<1 

Trend estimation equation 

𝑏𝑡=β (𝐿𝑡 -𝐿𝑡−1) + (1-β)𝑏𝑡−1 

Forecasting equation 

𝑓𝑡+ℎ= 𝐿𝑡  + h𝑏𝑡 

𝑌𝑡  is the actual value of adolescent fertility rate at time t 

𝜀𝑡  is the time varying error term 

𝜇𝑡  is the time varying mean (level) term 

𝜌𝑡  is the time varying slope term 

t is the trend component of the time series 

𝐿𝑡  is the exponentially smoothed value of adolescent fertility rate series at time t 

𝛼 is the exponential smoothing constant for the data 

𝛽 is the smoothing constant for trend 

𝑓𝑡+ℎ  is the h step ahead forecast 

𝑏𝑡 is the trend estimate at time t 

𝑏𝑡−1 is the trend estimate at time t-1 

Data Issues  

This study is based on annual adolescent fertility ratein Libya for the period 1960 – 2020. The out-of-sample forecast 

covers the period 2021 – 2030. All the data employed in this research paper was gathered from the World Bank online database. 

III. FINDINGS OF THE STUDY 

Exponential smoothing Model Summary 

Table 1: ES model summary 

Variable Y 

Included Observations 61 
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Smoothing constants  

Alpha (α) for data 0.900 

Beta (β) for trend 0.900 

  

Forecast performance measures  

  

Mean Absolute Error (MAE) 0.739000 

Sum Square Error (SSE) 234.549713 

Mean Square Error (MSE) 3.845077 

Mean Percentage Error (MPE) 0.938333 

Mean Absolute Percentage Error (MAPE) 1.648489 

 

Residual Analysis for the Applied Model 

 

Figure 1: Residual analysis 

In-sample Forecast for Y 

 

Figure 2: In-sample forecast for the Y series 
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Actual and Smoothed graph for Y series 

 

Figure 3: Actual and smoothed graph for Y series 

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

 

Figure 4: Out-of-sample forecast for Y: actual and forecasted graph 

Out-of-Sample Forecast for Y: Forecasts only 

Table 2: Tabulated out-of-sample forecasts 

Year Forecasted adolescent fertility rate 

2021 5.5528 

2022 5.4991 

2023 5.4455 

2024 5.3918 

2025 5.3381 

2026 5.2845 

2027 5.2308 

2028 5.1772 

2029 5.1235 

2030 5.0698 
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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 adolescent fertility rate will remain low 

throughout the out of sample period.  

IV. POLICY IMPLICATION & CONCLUSION 

The general decline in adolescent fertility across Africa has been attributed to increase in contraceptive prevalence, 

improved knowledge on family planning, improvements in the education sector and awareness campaigns among communities. 

As revealed by the World Bank, Libya‟s adolescent fertility declined gradually from around 120 births per 1000 females aged 15-

19 in 1960 to levels around 5 births per 1000 females aged 15-19 in 2020. This indicates the impact of government interventions 

on curbing teenage pregnancy and child marriages. This study applied Holt‟s double exponential smoothing technique to forecast 

future trends of adolescent fertility for Libya. We established that adolescent fertility will remain low throughout the out of sample 

period. Therefore, we encourage the government to continue promoting girl child education and protecting sexual and 

reproductive health rights of women and girls.  

REFERENCES 

[1] Natividad J (2014). Teenage Pregnancy in the Philippines: Trends, Correlates and Data Sources. J ASEAN Fed Endocr 

Soc. 28(1):30. 

[2] Ganchimeg T., Ota E., Morisaki N., Laopaiboon M., Lumbiganon P., Zhang J (2014). Pregnancy and childbirth outcomes 

among adolescent mothers: a World Health Organization multicountry study. BJOG Int J Obstet Gynaecol.121(Suppl 

1):40–8.  

[3] Chen X.K., Wen S.W., Fleming N., Demissie K., Rhoads G.G., and Walker M (2007). Teenage pregnancy and adverse 

birth outcomes: a large population based retrospective cohort study. Int J Epidemiol. 36(2):368–73.  

[4] Kurth F., Bélard S., Mombo-Ngoma G., Schuster K., Adegnika A.A., Bouyou-Akotet M.K (2010). Adolescence As Risk 

Factor for Adverse Pregnancy Outcome in Central Africa – A Cross-Sectional Study. PLOS ONE. 20(12):e14367. 5 

[5] Raj A., and Boehmer U (2013). Girl child marriage and its association with national rates of HIV , maternal health, and 

infant mortality across 97 countries. Violence Women.19(4):536–51. 

[6] World Health Organization., and UNAIDS (2015). Global standards for quality healthcare services for adolescents 

[Internet]. WHO. Available from: http://www.who.int/maternal_child_adolescent/documents/global-standardsadolescent-

care/en/. 

[7] Lee D (2010). The early socioeconomic effects of teenage childbearing: a propensity score matching approach. Demogr 

Res 2010; 23. 

[8] Ayanaw HabituY., YalewA., and Azale BisetegnT (2018). Prevalence and factors associated with teenage pregnancy, 

northeast Ethiopia, 2017: a cross- sectional study. J Pregnancy. 2018:1714527–7. 

[9] Sserwanja Q., and Kawuki J (2020). Prevalence of underweight and associated factors among lactating women in Ethiopia: 

a mini- review. Journal of Advances in Medicine and Medical Research 2020; 32:1–9.  

[10] Sserwanja Q., Musaba M.W., and Mukunya D (2021). Prevalence and factors associated with modern contraceptives 

utilization among female adolescents in Uganda. BMC Womens Health 2021; 21:61. 

[11] Wado Y.D., Sully E.A., and Mumah J.N (2019). Pregnancy and early motherhood among adolescents in five East African 

countries: a multi- level analysis of risk and protective factors. BMC Pregnancy Childbirth 2019; 19:59. 

[12] Mathewos S., and Mekuria A (2018). Teenage pregnancy and its associated factors among school adolescents of Arba 

Minch town, southern Ethiopia. Ethiop J Health Sci 2018;28:287–98 

[13] Pradhan R., Wynter K., and Fisher J (2018). Factors associated with pregnancy among married adolescents in Nepal: 

secondary analysis of the NationalDemographicandHealthSurveysfrom2001to2011.IntJEnvironResPublicHealth. 

15(229):12. 

[14] Dare A.A., Omolade D.G., and Samuel A.E (2016). Psychosocial effects of pregnancy on teenage mothers in Angwan 

Rukuba community, Jos, Plateau State, Nigeria. Afr J Midwifery Womens Health. 10(2):72–7. 

[15] Undiyaundeye F.A., Agba A.A., and Mandeun T (2015). The effect of teenage pregnancyon the girl-child in Nigerian 

society. Int J Multidiscipl Thought. 5(4):283–9. 

[16] Ayamolowo S.J., Olajubu A.O., and Akintola FE (2019). Perceived social support and depression among pregnant and 

child-rearing teenagers in IleIfe, Southwest Nigeria. Afr J Midwifery Womens Health. 13(4): 1–9. 

http://www.who.int/maternal_child_adolescent/documents/global-standardsadolescent-care/en/
http://www.who.int/maternal_child_adolescent/documents/global-standardsadolescent-care/en/


International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 2, pp 178-183, February-2023 

https://doi.org/10.47001/IRJIET/2023.702028  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                            183                                                                    
 

[17] Okonofua F (2013). Prevention of child marriage and teenage pregnancy in Africa: need for more research and innovation. 

Afr J Reprod Health. 17(4):9–13. 

[18] Paton D (2009). Exploring the evidence on strategies to reduce teenage pregnancy rates. Nurs. Times 2009, 105, 22–25.  

[19] World Health Organization (WHO). Adolescent Pregnancy: Unmet Needs and Undone Deeds. A Review of the Literature 

and Programmes; World Health Organization: Geneva, Switzerland, 2007. 

[20] WHO. Early Marriages, Adolescent and Young Pregnancies; World Health Organization: Geneva, Switzerland, 2012; pp. 

1–4. 

[21] Worku M.G., Tessema, Z.T., Teshale A.B., Tesema G.A., and Yeshaw Y (2021). Prevalence and associated factors of 

adolescent pregnancy (15–19 years) in East Africa: A multilevel analysis. BMC Preg. Childbirth 2021, 21, 253. 

[22] Undie C.C., MacKenzie I., Birungi H., Barongo S., Ahindukha D., and Omondi C (2015). Education sector response to 

early and unintended pregnancy: A policy dialogue in Homa Bay County, Kenya. Knowl. Commons 2015. 

[23] Mehra D., Sarkar A., Sreenath P., Behera J.,and Mehra, S (2018). Effectiveness of a community based intervention to delay 

early marriage, early pregnancy and improve school retention among adolescents in India. BMCPublic Health 2018, 18, 

732. 

[24] World Health Organization (WHO) (2019). SDG 3: Ensure healthy lives and promote wellbeing for all at all ages. 

[25] United Nation. Transforming our world: The 2030 agenda for sustainable development 2016. 

[26] United Nations. (2015). transforming our world: The 2030 agenda for sustainable development, A/RES/70/1. New York: 

UN General Assembly. 

[27] UN (2020) sustainable development goals. https://www.un.org/sustainabl development/development-agenda 

[28] UNICEF (2018). Every Child alive. New York: UNICEF. 

 

 

 

 

******* 

Citation of this Article: 

Smartson. P. NYONI, Thabani NYONI, “Forecasting Adolescent Fertility for Libya Using Holt‟s Double Exponential 

Smoothing Technique” Published in International Research Journal of Innovations in Engineering and Technology - IRJIET, 

Volume 7, Issue 2, pp 178-183, February 2023. Article DOI https://doi.org/10.47001/IRJIET/2022.702028  

 

https://doi.org/10.47001/IRJIET/2022.702028

