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Abstract - The burden of teenage pregnancy in Western Europe is reportedly highest in the UK and has been found to have 

a geographic variation. This study employs annual time series data of adolescent fertility rate for the United Kingdom 

(UK) 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 0.5 respectively 

based on minimum MSE. The results of the study indicate that annual adolescent fertility will continue to drop to levels 

below 5 births per 1000 women aged 15-19 years by the end of 2030.Therefore, we encourage authorities in the United 

Kingdom to address local factors that contribute to teenage pregnancies so as to avert adverse pregnancy outcomes. 
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I. INTRODUCTION 

Adolescent pregnancy is a well-recognized global health problem that affects both developed and developing countries 

(Sedgh et al. 2015; WHO, 2014; Klein, 2005). This problem has emerged to be an issue of concern in recent times in the United 

Kingdom (Kirchengast, 2016; Santelli&Melnikas,2010). The burden of teenage pregnancy in Western Europe is reportedly 

highest in the UK (ONS, 2016; TPSE, 2005). It has been reported in various studies that adolescent pregnancy is linked to 

socioeconomic factors (Chirwa et al. 2019; ONS, 2018; Ahorluet al. 2015; Penman-Aguilaret al. 2013; McLeod, 2001;). The 

resultant adverse maternal and child health outcomes include maternal and neonatal deaths (Kassa et al.2018; Pradhan et al. 2018; 

Mehra et al. 2018; Sama et al. 2017; Odimegwuet al. 2016; WHO, 2016; Envuladu et al. 2014; Neal et al. 2012). There is a 

geographical variation of the burden of adolescent pregnancies. In England, the teenage pregnancy rates tend to follow the north-

south divide. The most deprived areas in the northeast have high teen pregnancy rates but lower abortion rates while the affluent 

areas of the southeast have low conception but higher abortion rates (ONS, 2018).In 1999, the United Kingdom labor government 

launched a 10 year adolescent pregnancy strategy for England designed to reduce teenage pregnancy by 50% (Hadley et al. 2016). 

The under-18 pregnancy rate in England and Wales declined from an average of 45.1 per 1000 to an average of 16.8 per 1000 

among girls aged 15-17 years from 1999 to 2018 (ONS, 2018). However, the percentage of under-18 conceptions that led to 

abortion increased from 46.5% in 1999 to over 50% in 2018 (ONS, 2018;Conrad, 2012).Literature indicates that sociocultural 

norms and availability of abortion services are the major contributors of high abortion rates in affluent areas (Smith and Roberts, 

2009). Low rates of adolescent pregnancy are being reported in the Netherlands and Scandinavian countries due to the wider use 

of modern methods of contraception, adequate SRH information, and cultures that promote free and open discussion of sexual 

matters (Cook and Cameron, 2017). In addition, low contraceptive use has been reported among sexually active teenagers In the 

United Kingdom (Aluga and Okolie, 2021). 

This study applies Holt‟s double exponential smoothing technique to predict future trends of adolescent fertility in the 

out of sample period. The findings of this study are expected to depict likely future burden of adolescent births in the UK. This 

will trigger review of current policies and legal instruments to protect adolescent pregnancy and prevent sexual abuse of women 

II. METHODOLOGY 

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

the UK. 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 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 

0<β<1 

Forecasting equation 

𝑓𝑡+ℎ= 𝐿𝑡  + h𝑏𝑡 

𝑌𝑡 is the 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 

tis 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 

𝛽is the smoothing constant for trend 

𝑓𝑡+ℎ is the h step ahead forecast 

𝑏𝑡is the trend estimate at time t 

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

Data Issues  

This study is based on annual adolescent fertility rate in the UK 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 0.500 

  

Forecast performance measures  

  

Mean Absolute Error (MAE) 1.159658 

Sum Square Error (SSE) 610.571919 

Mean Square Error (MSE) 10.009376 

Mean Percentage Error (MPE) 0.297713 

Mean Absolute Percentage Error (MAPE) 2.219798 

 

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 Forecasting adolescent fertility rate 

2021 10.4111 

2022 9.6487 

2023 8.8864 

2024 8.1240 

2025 7.3617 

2026 6.5993 

2027 5.8370 

2028 5.0746 

2029 4.3123 

2030 3.5499 
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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 continue to drop 

throughout the out of sample period.  

IV. POLICY IMPLICATION & CONCLUSION 

Teenage pregnancy has emerged to be an issue of concern in recent times in the United Kingdom. The burden of teenage 

pregnancy in Western Europe is reportedly highest in the UK. Literature shows that there is a geographic variation of teenage 

pregnancy across the United Kingdom with low contraceptive use among teenagers being reported as one of the risk factors for 

adolescent pregnancy. Over the past decades, adolescent fertility in the UK declined gradually indicating huge achievements made 

by existing family planning programs in the country. This study applied Holt‟s double exponential smoothing technique to 

forecast future trends of adolescent fertility for the UK. Forecast results indicate that adolescent fertility will continue to drop to 

levels below 5 births per 1000 women aged 15-19 years by the end of 2030. Hence, we encourage the UK government to address 

local factors which drive unintended pregnancies among teenagers.  
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