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Abstract - This research paper uses annual time series data of adolescent fertility rate for St Vincent and the Grenadines 

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 will continue to decline 

throughout the out of sample period. Therefore, we encourage authorities in the country to enforce laws that safeguard 

sexual and reproductive health rights of women, promote girl child education and provide accessible and affordable 

adolescent health services.  
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I. INTRODUCTION 

According to the United Nations, an adolescent is regarded as an individual who falls within the ages of 13-19 years 

(UNFPA, 2013). Adolescent pregnancy occurs when this female individual gets pregnant. Teenage pregnant mothers are likely to 

encounter greater risks of complications during pregnancy and child birth (Ganchimeg et al. 2014; WHO, 2014Chandra-Mouliet 

al. 2013).Adolescent pregnancy is strongly linked to a number of adverse health outcomes such as preterm delivery and/or with 

low birth weight, anemia, antepartum hemorrhage, preeclampsia and high rates of cesarean sections which in turn have been 

associated with higher maternal mortality rates. (Woog & Kagesten, 2017; Margret, 2015; Glassman et al. 2012; Tebeu et al. 

2012).Previous studies have revealed that teenage pregnancy can be attributed to poverty, lack of access to education, risky 

behaviors that lead to poor health outcomes, peer influence, incorrect condom use, inadequate sexual and reproductive health 

knowledge and lack of parental guidance (Mushwana et al. 2015; Ahorlu et al. 2015; Yidana et al. 2015;Kumi-Kyeremeet al. 

2014;Ahlberget al. 2001; Adinma et al. 1999). Going to school becomes difficult for the teenage mother due to stigmatization and 

social rejection resulting in reduced economic opportunities, earnings and maintenance of financial security throughout their 

lifetime, which in turn ends up perpetuating an intergenerational cycle (UNFPA, 2013). Evidence shows that in Caribbean 

countries, pregnant teenagers are expelled from school and in South American countries pregnant school going girls are pressured 

to leave school even though official guidelines recommend and should continue to support their education (Kennedy, 2017). The 

government of St Vincent and the Grenadines has made significant progress in the reduction of adolescent fertility over the past 

decades. However, there is need to revisit existing policies and reconfigure them so that they effectively address the problem of 

teenage pregnancy in the country.  

The aim of this paper is to model and forecast future trends of adolescent fertility in the country using the double 

exponential smoothing technique. The findings will inform policy, planning and allocation of resources to teenage pregnancy 

prevention programs. 

II. METHODOLOGY 

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

St Vincent and the Grenadines. 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 St Vincent and the Grenadines 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) 1.005379 

Sum Square Error (SSE) 335.670715 

Mean Square Error (MSE) 5.502799 

Mean Percentage Error (MPE) 0.168374 

Mean Absolute Percentage Error (MAPE) 0.736831 

 

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 

s 

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 45.6333 

2022 44.7486 

2023 43.8639 

2024 42.9793 

2025 42.0946 

2026 41.2099 

2027 40.3253 

2028 39.4406 

2029 38.5559 

2030 37.6713 



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

ISSN (online): 2581-3048 

Volume 7, Issue 2, pp 389-394, February-2023 

https://doi.org/10.47001/IRJIET/2023.702065  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                            393                                                                    
 

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 continue to 

decline throughout the out of sample period.  

IV. POLICY IMPLICATION & CONCLUSION 

Adolescent fertility in St Vincent and the Grenadines has been on a downward path over the years as a result of multiple 

interventions such as use of modern contraceptive methods, increase in girl child educational level and SRH knowledge levels 

among teenagers. In this study we applied Holt’s double exponential smoothing technique to forecast adolescent fertility for St 

Vincent and the Grenadines. Findings of this piece of work revealed that adolescent fertility will continue to decline throughout 

the out of sample period. Therefore, we encourage authorities in this country to enforce laws that safeguard sexual and 

reproductive health rights of women, support girl child education and provide accessible and affordable adolescent health services.  
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