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Abstract - This study employs annual time series data of adolescent fertility rate for Panama 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 0.7 respectively based on minimum MSE. 

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

out of sample period. Therefore, we encourage authorities in Panama to enforce laws that protect sexual and reproductive 

health rights of women and girls, promote girl child education and fund empowerment programs for youths, and scale up 

awareness campaigns among communities.  
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I. INTRODUCTION 

Teenage pregnancy is one of the most important public health challenges affecting both developing and developed 

countries (Klein, 2005). Low and middle income countries are consistently reporting disappointing trends of teenage pregnancies 

and births (Fall et al. 2015). Existing challenges in developing countries predispose teenage girls to early unprotected sexual 

activity and pregnancy. Poverty, lack of adequate SRH information, inaccessible reproductive services and social norms are 

reportedly among the factors that contribute to adolescent pregnancy (Ochako et al. 2015; Chandra-Mouliet al. 2014;UNICEF, 

2014; Wong, 2012; UNICEF, 2011). Persistent droughts as a result of climate change, economic down turn and civil wars tend to 

worsen the situation. Sub-Saharan Africa has the highest teenage pregnancy rates in the world followed by Latin America and the 

Caribbean (PAHO, 2010). Worldwide, the leading causes of death among adolescent girls between 15 and 19years old are related 

to pregnancy and child bearing (Kaphagawani & Kalipeni, 2017; Sedgh et al. 2016; PAHO, 2015; Larsson et al. 2002). 

Previous studies have reported high school dropouts, social rejection and psychological disorders among pregnant 

teenage girls (Croft et al. 2018; Berthelon & Kruger, 2017; Okigbo & Speizer, 2015; Duflo et al. 2014). In addition, complications 

during the antenatal period, at birth and post natal periods were also highlighted (Odimegwu & Mkwananzi, 2016; WHO, 2016; 

Neal et al. 2012). The long term consequences of teenage pregnancy cannot be over emphasized. Repeat pregnancy, obstetric 

fistula, failure to attain higher educational level leading to getting lower paying jobs and repeating cycle of poverty (Sychareun et 

al. 2018; Gibbs et al. 2012).In Panama, adolescents encounter various health problems such as high rates of unwanted teenage 

pregnancies, sexual violence, STIs and HIV infections. Approximately 30% of all pregnant women in 2017 were adolescents 

between 10 and 19years old (MINSA, 2017). Previous studies have indicated that1.1 million adolescent girls and boys in Panama 

have experienced sexual violence (UNICEF, 2017). Adolescents particularly girls, experience such violence to a larger extent 

(UNAIDS, 2016; Rico & Trucco, 2014). 

This paper aims to model and forecast future trends of adolescent fertility in Panama using the double exponential 

smoothing technique. The findings of this research are expected to depict the future burden of adolescent births in the country. 

This will inform policy, decisions, planning and resource allocation 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 

Panama. 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 

𝑃𝑡=𝜇𝑡  + 𝜌𝑡t + 𝜀𝑡  

Smoothing equation 

𝐿𝑡= 𝛼𝑃𝑡  + (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 

𝑃𝑡  is the actual 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 Panama 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 P 

Included Observations 61 
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Smoothing constants  

Alpha (α) for data 0.900 

Beta (β) for trend 0.700 

  

Forecast performance measures  

  

Mean Absolute Error (MAE) 0.195549 

Sum Square Error (SSE) 11.543730 

Mean Square Error (MSE) 0.189241 

Mean Percentage Error (MPE) 0.013570 

Mean Absolute Percentage Error (MAPE) 0.170950 

 

Residual Analysis for the Applied Model 

 

Figure 1: Residual analysis 

In-sample Forecast for P 

 

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

 

Figure 3: Actual and smoothed graph for P series 

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

 

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

Out-of-Sample Forecast for P: Forecasts only 

Table 2: Tabulated out-of-sample forecasts 

Year Forecasted adolescent fertility rate 

2021 78.6683 

2022 77.8794 

2023 77.0906 

2024 76.3017 

2025 75.5129 

2026 74.7240 

2027 73.9352 

2028 73.1463 

2029 72.3575 

2030 71.5686 
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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 

decline but remain high throughout the out of sample period.  

IV. POLICY IMPLICATION & CONCLUSION 

Teenage pregnancy continues to be an important public health problem in Panama. Pregnancy among teenagers in 

Panama has been associated with adverse sexual and reproductive health outcomes such as STIs, HIV, unsafe abortions and 

unintended pregnancies. Major drivers of these unintended pregnancies among youths include poverty, lack of education, social 

norms, peer pressure and sexual violence.  The national family planning program has contributed significantly to the decline of 

adolescent fertility. Adolescent fertility declined from 143 births per 1000 women aged 15-19 years in 1960 to 79 births per 1000 

women aged 15-19 years in 2020. This study applies Holt’s double exponential smoothing technique to forecast future trends of 

adolescent fertility for Panama. Our study findings indicate that adolescent fertility will continue to decline but will remain high 

throughout the out of sample period. Therefore, we encourage the government of Panama to enforce laws that protect sexual and 

reproductive health rights of women and girls, promote girl child education and fund empowerment programs for youths, and 

scale up awareness campaigns among communities. 
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