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Abstract - This study uses annual time series data of adolescent fertility rate for Liberia 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 0.4 respectively based on minimum MSE. The 

results of the study indicate that annual adolescent fertility rate will continue to decline but remain very high throughout 

the out of sample period. Therefore, we encourage policy makers in Liberia to address socio-cultural, economic and 

geographic factors that significantly contribute to teenage pregnancies. There is need to enforce laws that protect the 

rights of women and girls, promote girl child education and establish adolescent friendly health facilities that will provide 

affordable comprehensive sexual and reproductive health services. 
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I. INTRODUCTION 

The challenge of teenage pregnancy is a global health issue mainly affecting adolescent girls in developing countries. Its 

occurrence calls for governments to improve access to education, health and employment opportunities for women. Adoption of 

WHO recommendations on ending teenage pregnancy should be among the top priorities in the reduction of adverse maternal and 

child health outcomes. The 3rd sustainable development goal (SDG3) has a target which focuses on improving access to quality 

and affordable sexual and reproductive health services including that of adolescents (UN, 2020; UNICEF, 2019; WHO, 2019. 

UNICEF, 2018; UN, 2016; UN, 2015). More than 1 million adolescent girls aged 10–14 years and an estimated 16 million ages 

15–19 y give birth each year (WHO, 2020). About one-third (29–33%) of pregnancies in sub-Saharan Africa (SSA) have been 

described as unintended: mistimed (occurring when a woman did not want to become pregnant at the time of pregnancy) or 

unwanted (Bain et al. 2020; Ameyaw et al. 2019). Above 50% of unintended pregnancies end up as abortions and 97% of these in 

Africa are classified as unsafe (WHO, 2020). In addition, 12 million women aged 15–19 y and at least 777 000 girls below 15 

years of age give birth each year in low- and middle-income countries (LMICs). In a systematic review and meta-analysis carried 

out in 2018, the prevalence of adolescent pregnancy in SSA was reported to be 19.3% (Kassa et al. 2018).Previous literature has 

indicated that many adverse outcomes of teen pregnancy are being reported in developing countries and these have been found to 

occur in the antenatal period, during delivery and post natal periods (Noori et al.2022; Ahinkorah et al. 2021; Harrington et al. 

2021; Kaforau et al. 2021;UNICEF, 2019).  These include eclampsia, anemia, preterm delivery and low birth weight (Kassa et al. 

2019; Wall-Wieleret al. 2019; Grønvik et al. 2018). In addition, morbidity and mortality among adolescent pregnant mothers and 

children born to teenage mothers was found to be higher than that of women of an older age group (WHO, 2020). Post war Liberia 

is currently facing numerous challenges including that of child marriages. The government has implemented several strategies 

including family planning services and laws that prohibit child marriage. However more needs to be done to end harmful practices 

which promote child marriage. In this paper we apply Holt’s double exponential smoothing to forecast future trends of adolescent 

fertility over the out of sample period. The findings will guide policymaking, planning and allocation of resources towards 

activities designed to curb child marriages and protection of women’s rights.  

II. METHODOLOGY 

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

Liberia. 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 

distant past. This study uses the Holt’s linear method (Double exponential smoothing) because it is an appropriate technique for 

modeling linear data. 
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Holt’s linear method is specified as follows: 

Model equation 

𝐴𝑡=𝜇𝑡  + 𝜌𝑡t + 𝜀𝑡  

Smoothing equation 

𝐿𝑡= 𝛼𝐴𝑡 + (1-α)(𝐿𝑡−1+𝑏𝑡−1) 

0<α<1 

Trend estimation equation 

𝑏𝑡=β (𝐿𝑡 -𝐿𝑡−1) + (1-β)𝑏𝑡−1 

0<β<1 

Forecasting equation 

𝑓𝑡+ℎ= 𝐿𝑡  + h𝑏𝑡 

𝐴𝑡  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 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 rate in Liberia 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 A 

Included Observations 61 
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Smoothing constants  

Alpha (α) for data 0.900 

Beta (β) for trend 0.400 

  

Forecast performance measures  

  

Mean Absolute Error (MAE) 0.612093 

Sum Square Error (SSE) 95.892403 

Mean Square Error (MSE) 1.572007 

Mean Percentage Error (MPE) 0.051557 

Mean Absolute Percentage Error (MAPE) 0.323473 

 

Residual Analysis for the Applied Model 

 

Figure 1: Residual analysis 

In-sample Forecast for A 

 

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

 

Figure 3: Actual and smoothed graph for A series 

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

 

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

Out-of-Sample Forecast for A: Forecasts only 

Table 2: Tabulated out-of-sample forecasts 

 Year Forecasted adolescent fertility rate 

2021 134.3244 

2022 133.8836 

2023 133.4428 

2024 133.0020 

2025 132.5612 

2026 132.1205 

2027 131.6797 

2028 131.2389 

2029 130.7981 

2030 130.3573 
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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 ratewill continue to 

decline but remain very high throughout the out of sample period.  

IV. POLICY IMPLICATION & CONCLUSION 

Post war Liberia is currently facing numerous challenges including that of child marriages. The government has 

implemented several strategies including family planning services and laws that prohibit child marriage. However more needs to 

be done to end harmful practices which promote child marriage. This study applied the double exponential smoothing technique to 

forecast future trends of adolescent fertility for Liberia. We found out that adolescent fertility will continue to decline but remain 

very high throughout the out of sample period. Therefore, we encourage the government to address socio-cultural, economic and 

geographic factors that significantly contribute to teenage pregnancies. There is need to enforce laws that protect the rights of 

women and girls, promote girl child education and establish adolescent friendly health facilities that will provide affordable 

comprehensive sexual and reproductive health services. 
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