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Abstract - This research article uses annual time series data of adolescent fertility rate for Mexico 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 a and f are 0.9 and 0.3 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 Mexico to enforce laws that protect sexual and reproductive rights of
women and girls, establish adolescent friendly clinics in marginalized regions and promote youth empowerment programs.
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I. INTRODUCTION

Teenage pregnancy is one of the most challenging public health problems of our time (Papri et al. 2016; Lawlor et al.
2004;Johnsonet al. 2001).The problem is wide spread across the whole world with low and middle income countries reporting the
highest teenage pregnancy rates (Sedgh et al. 2015). Health authorities across the globe are very much concerned of this problem
because teenage pregnancy can be associated with adverse maternal and child health outcomes (Berthelon & Kruger, 2017; Fall et
al.2015). Literature shows that complications may occur during the antenatal, child birth and postnatal periods (Sserwanja et al.
2021; Sserwanja & Kawuki, 2020;Ayanawet al. 2017). Anemia in pregnancy, obstetric hemorrhage, pregnancy induced
hypertensive disorders, preterm delivery, low birth weight and sepsis are among the problems that are encountered by pregnant
mothers (Envuladu, 2014;Uwaezuokeet al. 2004).In Latin America and the Caribbean, adolescents aged 15-19 represent 16
percent of total fertility among women of reproductive age, which represents the highest share of adolescent pregnancy of any
region in the world (UN, 2019). An increasing proportion of these pregnancies is unplanned, especially among lower poverty
quintiles (Rodriguez, 2017). Among the countries of the Organization for Economic Co-Operation and Development, Mexico has
the highest birth rate (64.2 births per 1000 women aged 15-19 years) among adolescents between 15 and 19 above Chile, Costa
Rica Uruguay and Peru (UNFPA, 2013; PAHO, 2017), nations of the same level of development (OECD, 2012). In 2012, 20
percent of all births in Mexico were to adolescents (Reyeset al. 2015). The adolescent birthrate was 76.4 births per 1000 females
aged 15-19 years in 2011, dropping to 70.5 per 1000 by 2018 (CONAPO, 2018).The Mexican government has made its
commitment to address adolescent pregnancy by implementing a National Strategy for the Prevention of Adolescent Pregnancy
(ENAPEA) since 2015. The aim of the strategy is to ensure availability of quality, affordable and accessible sexual and
reproductive health services to all women including adolescents. However, the major challenge is that it is still difficult for
adolescent mothers to access contraception after experiencing a birth (Saavedra- Avendano et al. 2017).

The aim of this paper is to model and forecast future trends of adolescent fertility in Mexico using the double
exponential smoothing technique. We expect the findings of this study to depict the future burden of adolescent births in the
country. This will inform policy, planning and allocation of resources to teenage pregnancy prevention programs.

Il. METHODOLOGY

This study utilizes an exponential smoothing technique to model and forecast future trends of adolescent fertility rate in
Mexico. 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
Ar=pe tpet t g

Smoothing equation

Le=aA; + (1-a)(Le—1+b,4)
O<a<1

Trend estimation equation

b=B (L¢-Le—q) + (1-B)b—q
0<p<1

Forecasting equation

fesn=Le +hb,

A, is the actual value of adolescent fertility rate at time t
&, isthe time varying error term

U, is the time varying mean (level) term

p, is the time varying slope term

t is the trend component of the time series

L, is the exponentially smoothed value of adolescent fertility rate at time t
a is the exponential smoothing constant for the data

B is the smoothing constant for trend

fe+n is the h step ahead forecast

b, is the trend estimate at time t

b,_4 is the trend estimate at time period t-1

Data Issues

This study is based on annual adolescent fertility rate in Mexico 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.

I11. 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 (a) for data 0.900
Beta (B) for trend 0.300
Forecast performance measures

Mean Absolute Error (MAE) 0.521463
Sum Square Error (SSE) 63.453362
Mean Square Error (MSE) 1.040219
Mean Percentage Error (MPE) 0.015871
Mean Absolute Percentage Error (MAPE) 0.524036

Residual Analysis for the Applied Model
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Figure 1: Residual analysis
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Figure 2: In-sample forecast for the A series
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Actual and Smoothed graph for A series

Actual and Smoothed Graph
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Figure 3: Actual and smoothed graph for A series

Out-of-Sample Forecast for A: Actual and Forecasted Graph
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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 56.6492
2022 55.6764
2023 54.7035
2024 53.7306
2025 52.7578
2026 51.7849
2027 50.8120
2028 49.8392
2029 48.8663
2030 47.8935
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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 throughout the out of sample period.

IV. POLICY IMPLICATION & CONCLUSION

Teenage pregnancy continues to be a challenge across the globe. The problem is more pronounced in developing regions
due to poverty, low educational levels, social norms and lower contraceptive prevalence and high unmet need for family planning
services. The general decline of adolescent fertility in developing countries can be attributed to availability of family planning
services and increase in the age at marriage among other factors. This study applied Holt’s double exponential smoothing
technique to forecast future trends of adolescent fertility for Mexico. We established that adolescent fertility will continue to
decline throughout the out of sample period. Therefore, we encourage the Mexican government to enforce laws that protect sexual
and reproductive rights of women and girls, establish adolescent friendly clinics in marginalized regions and promote youth
empowerment programs.

REFERENCES

[11 PAHO (2017). Pan American Health Organization. https://www.paho.org/salud-en-las-americas-2017/?tag=adolescent
Robles

[21 UNFPA (2013). Motherhood in Childhood Facing the Challenge of Adolescent Pregnancy. New York, NY: The United
Nations Population Fund.

[31 UN Department of Economic and Social Affairs. World population prospects 2019. https://population.un.org/wpp/

[41 Rodriguez Vignoli J (2017). Fecundidad no deseada entre las adolescentes latino americanas: Un aumento que desafia la
salud sexual y reproductiva y el ejercicio de derechos.http://hdl. handle.net/11362/42511

[5] Sedgh G., Finer L.B, Bankole A (2015). Adolescent pregnancy, birth, and abortion rates across countries: levels and recent
trends. J Adolesc Health. 56:223-30

6] Berthelon M., and Kruger D.I (2017). Does adolescent motherhood affect education and labor market outcomes of mothers?
A study on young adult women in Chile during 1990- 2013. Int J Public Health. 62:293-303.

(1 Fall C.H.D., Sachdev H.S, Osmond C (2015). Association between maternal age at childbirth and child and adult outcomes
in the offspring: a prospective study in five low- income and middle- income countries. Lancet Glob Health. 3:6366-77.

[81 Consejo Nacional de Poblacion (CONAPO) (2018). Proyecciones de la poblacion de México y de las entidades federativas
2016- 2050. Infografia. Ciudad de México.

[91 Reyes- Pablo A.E., Navarrete- Hernandez E., Canln- Serrano S (2015). [Percentage of births and fertility rates in adolescents
in Mexico (2008- 2012): stratification and prioritization of municipalities with high risk. Ginecol Obstet Mex. 83:760-9

[10] Consejo Nacional de Poblacion. Estrategia Nacional para La Prevencién del Embarazo en Adolescentes. Mexico City, 2015.

[11] Saavedra- Avendano B., Andrade- Romo Z., and Rodriguez MI (2017). Adolescents and long- acting reversible
contraception: lessons from Mexico. Matern Child Health J. 21:1724-33.

[12]1 Lawlor D.A., and Shaw M (2004). Teenage pregnancy rates: high compared with where and when? J R Soc Med. 97:121-3.

[13] Johnson M., Myors K., and Langdon R(2001). Coping styles of pregnant adolescents. Public Health Nurs. 18:24-32.

[14] Papri F.S., Khanam Z., Ara S (2016). Adolescent pregnancy: risk factors, outcome and prevention. Chatt Maa Shi Hosp Med
Coll J. 15:53-6.

[15] Ayanaw HabituY., YalewA., and Azale BisetegnT (2017). Prevalence and factors associated with teenage pregnancy,
northeast Ethiopia, 2017: a cross- sectional study. J Pregnancy. 2018:1714527—7.

[16] 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.

[17] 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.

[18] Envuladuk.A,AgboHA,Ohize VA (2014). Determinants and outcome of teenage pregnancy in a rural community in Jos,
Plateau State, Nigeria. Sub-Saharan Afr J Med. 1(1): 48-52.

[191 Uwaezuoke A.l., Uzochukwu B.S, Nwagho DF (2004). Determinants of teenage pregnancy in rural communities of Abia
State, South East Nigeria. Int J Med Health Dev. 9(1): 28-33.

© 2023-2017 IRJIET All Rights Reserved www.irjiet.com 227


https://population.un.org/wpp/

~ = International Research Journal of Innovations in Engineering and Technology (IRJIET)
- "N ISSN (online): 2581-3048

4 ’ Volume 7, Issue 2, pp 223-228, February-2023
IHJ'ET https://doi.org/10.47001/IRJIET/2023.702036

Citation of this Article:

Smartson. P. NYONI, Thabani NYONI, “Tracking Progress towards the Substantial Reduction of Adolescent Fertility for
Mexico Using Holt’s Linear Method” Published in International Research Journal of Innovations in Engineering and
Technology - IRJIET, Volume 7, Issue 2, pp  223-228, February  2023. Article DOl

https://doi.org/10.47001/IRJIET/2022.702036

*kkkhkkhkk

© 2023-2017 IRJIET All Rights Reserved www.irjiet.com 228


https://doi.org/10.47001/IRJIET/2022.702036

