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Abstract - This study uses annual time series data of adolescent fertility rate for Jordan 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 p are 0.9 and 0.4 respectively based on minimum MSE. The
results of the study indicate that annual adolescent fertility rate will hover around 25 births per 1000 women aged 15-
19years throughout the out of sample period. Therefore, we encourage policy makers in Jordan to establish more
adolescent friendly clinics that are well resourced to attend to the various adolescent health problems and address all the
existing problems which contribute to teenage pregnancies.
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I. INTRODUCTION

This era of sustainable development goals is a golden opportunity for UN member states to accelerate progress towards
achieving their targets by the end of 2030. Top among the list of global challenges is to address maternal and child mortality
affecting developing countries to a greater extent. Poverty reduction through sustainable agriculture and application of
environmentally friendly industrial technologies should be encouraged as this is one of the pillars that support the health of any
population (UN, 2020; UNICEF, 2018; WHO, 2019; UN, 2016; UN, 2015). Promoting peace and security will create a conducive
atmosphere for businesses to thrive thereby stimulating economic growth and development which is a key determinant for health.
Wars and armed conflicts are a recipe for collapse of health systems and therefore it is important for all UN countries to preserve
peace at all costs. It is important to implement new strategies that will help reduce maternal and child mortality across the globe
with specific attention being given to teenage pregnancy prevention. Teenage pregnancies continue to be a global health problem
that has negative impact on the mother, her baby and family. Other Authors consider teenage pregnancy as a medical, economic
and social problem (Muna et al. 2019; Ghouth et al. 2017). Adverse pregnancy outcomes associated with conception during the
adolescence period include obstructed labour, hypertensive disorders, preterm delivery, antepartum hemorrhage, maternal and
perinatal mortality and maternal mental disorders (Althabeet al.2015; Ganchimeg et al. 2014;Malabareyet al. 2012). Teenage girls
living in poverty, with family history of teenage pregnancy, having previous teenage pregnancy, alcohol abuse, parental absence,
exposure to pornographic material, incorrect and inconsistent use of condoms, lack of sexual and reproductive health knowledge
and low educational status are among the risk factors for teenage pregnancy (Sedgh et al. 2016; Gibbs et al. 2012; Larsson et al.
2002). Previous authors have highlighted the importance of improving educational levels among adolescents, addressing gender
imbalances, increasing SRH knowledge and contraceptive prevalence in order to substantially reduce pregnancy among teenage
girls (Shatilwe et al. 2022;Vasconcelos et al. 2022;Zegeye et al.2021; Birhanuet al.2019; Samandari et al. 2019; Yakubu &
Salisu, 2018;UN, 2016; UN, 2015; UN, 1995). Teenage pregnancy remains a problem in Jordan as revealed by the World Bank
statistics. The country has recorded a gradual decline in adolescent fertility from around 123 births per 1000 women aged 15-19
years in 1960 to 25 births per 1000 women aged 15-19 in 2020. This reflects a significant decline in adolescent birth rate over the
past decades, however new strategies are required to end teenage pregnancy in the country so as to prevent adverse maternal and
child health outcomes.

The objective of this paper is to model and forecast future trends of adolescent fertility for Jordan using Holt’s double
exponential smoothing technique. The results of this piece of work are envisioned to highlight likely future trends of adolescent
fertility in the out of sample period. This will inform policy, decisions, planning and allocation of resources to teenage pregnancy
prevention programs.
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Il. METHODOLOGY
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This study utilizes an exponential smoothing technique to model and forecast future trends of adolescent fertility rate in
Jordan. 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.

Holt’s double exponential smoothing method is specified as follows:
Model equation
Xe=pe + pt+e

Smoothing equation

L= aX, + (1-0)(L_1+b;_q)
0<a<1

Trend estimation equation

b=B (L¢-Li—q) + (1-B)b—q
0<p<1

Forecasting equation

fe+n= L +hb,

X, 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 1S the h step ahead forecast

b, is the trend estimate at time t

b,_q is the trend estimate at time t-1

Data Issues

This study is based on annual adolescent fertility rate in Jordan 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.
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I11. FINDINGS OF THE STUDY
Exponential smoothing Model Summary
Table 1: ES model summary
Variable X
Included Observations 61
Smoothing constants
Alpha (a) for data 0.900
Beta (B) for trend 0.400
Forecast performance measures
Mean Absolute Error (MAE) 0.538670
Sum Square Error (SSE) 83.809493
Mean Square Error (MSE) 1.373926
Mean Percentage Error (MPE) 0.271500
Mean Absolute Percentage Error (MAPE) 0.730050
Residual Analysis for the Applied Model
Residual Graph
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Figure 1: Residual analysis
In-sample Forecast for X
Actual and Predicted Graph
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Figure 2: In-sample forecast for the X series
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Actual and Smoothed graph for X series

Actual and Smoothed Graph

[—— Actual —— Smoothed |
140 7 : — ———— . . . . — — . T

120 + E
100 + E

g0 1 ]

Data

60 L ]
40 T 1

20 1 ]

0 4 " | : : : | : | : u
1960 1966 1972 1978 1984 1990 1996 2002 2008 2014 2020
Time

Figure 3: Actual and smoothed graph for X series

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

Actual and Forecasted Graph
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Figure 4: Out-of-sample forecast for X: actual and forecasted graph
Out-of-Sample Forecast for X: Forecasts only

Table 2: Tabulated out-of-sample forecasts

Year Predicted adolescent fertility rate
2021 25.6290
2022 25.5062
2023 25.3835
2024 25.2607
2025 25.1379
2026 25.0151
2027 24.8923
2028 24.7695
2029 24.6467
2030 24.5239
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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 hover around 25
births per 1000 women aged 15-19 throughout the out of sample period.

IV. POLICY IMPLICATION & CONCLUSION

Teenage pregnancy remains a public health problem in Jordan as revealed by the World Bank statistics. The country has
reported a gradual decline in adolescent fertility from around 123 births per 1000 women aged 15-19 years in 1960 to 25 births per
1000 women aged 15-19 in 2020. This indicates a significant decline in adolescent birth rate over the past decades due to
improvements in the education sector, use of modern methods of contraception and better employment opportunities for women.
This study applied Holt’s double exponential smoothing technique to forecast future trends of adolescent fertility for Jordan. Our
study findings revealed that adolescent fertility will hover around 25 births per 1000 women aged 15-19 years throughout the out
of sample period. Therefore, we encourage the government to establish more adolescent friendly clinics that are well resourced to
attend to the various adolescent health problems and address all the existing problems which contribute to teenage pregnancies.

REFERENCES

[1 United Nations (2015). transforming our world: The 2030 agenda for sustainable development, A/RES/70/1. New York:
UN General Assembly.

[2] UN (2020) sustainable development goals. https://mwww.un.org/sustainabl development/development-agenda

[3] UNICEF (2018). Every Child alive. New York: UNICEF

[4] World Health Organization (WHO) (2019). SDG 3: Ensure healthy lives and promote wellbeing for all at all ages.

[5] United Nations (2016). Transforming our world: The 2030 agenda for sustainable development.

[6] United Nations (1995). United Nations International Conference on Population and Development, Cairo 5-13 September,
1994. Programme of Action. New York: United Nations, Department for Economic and Social Information and Policy
Analysis.

71 Muna Maharjan., Niresh Thapa., Narayani Maharjan., Pabita Rai., Prakash Pun., Marcia A Petrini.,and Jiong Yang (2019).
Prevalence of Teenage Pregnancy in aCommunity Hospital of Rural Nepal: A Cross-sectional Study. J Nepal Med Assoc
57(217):176-180

[8] Abdulla Salim Bin Ghouth., Ahlam Saleh Bin Break., Adnan Ali Melkat.,, Amer Salmeen Belafair (2017). Profile of
Teenage Pregnancy in Hadramout, Yemen.Journal of women’s reproductive health. 1(4):1, DOI : 10.14302/issn.2381-
862X.jwrh-16-1292

[9] Althabe F., Moore J.L., Gibbons L., Berrueta M., Goudar S.S., Chomba E., Derman R.J., Patel A., Saleem S., and Pasha O
(2015). Adverse maternal and perinatal outcomes in adolescent pregnancies: The Global Network's Maternal Newborn
Health Registry study. Reprod Health. 12(Suppl 2):S8.

[10] Ganchimeg T., Ota E., Morisaki N., Laopaiboon M., Lumbiganon P., Zhang J., Yamdamsuren B., Temmerman M., Say L.,
and Tuncalp O (2014). Pregnancy and childbirth outcomes among adolescent mothers: a World Health Organization
multicountry study. BJOG. 121(Suppl 1):40-8.

[11] Malabarey O.T., Balayla J., Klam S.L., Shrim A.,.and Abenhaim HA. Pregnancies in young adolescent mothers: a
population-based study on 37 million births. J Pediatr Adolesc Gynecol. 25(2):98-102.

[12] Gibbs C.M., Wendt A., Peters S., and Hogue C.J (2012). The impact of early age at first childbirth on maternal and infant
health. Paediatr Perinat Epidemiol. 2012; 26(Suppl 1):259-84

[13] Larsson M., Aneblom G., Odlind V., and Tydén T (2002). Reasons for pregnancy termination, contraceptive habits and
contraceptive failure among Swedish women requesting an early pregnancy termination. Acta Obstet Gynecol Scand.
81(1):64-71. https://doi.org/10.1046/].0001-6349.2001.00169.x.

[14] Sedgh G., Ashford L.S., and Hussain R (2016). Unmet need for contraception in developing countries: examining women’s
reasons for not using a method. New York: Guttmacher Institute. 2:2015-6.

[15] Joyce T. Shatilwe., Khumbulani Hlongwana.,and Tivani P. Mashamba-Thompson (2022). Pregnant adolescents and nurses
perspectives on accessibility and utilization of maternal and child health information in Ohangwena Region, Namibia.
BMC Pregnancy and Childbirth (2022) 22:284 https://doi.org/10.1186/s12884-022-04619-w

[16] Alexandra Vasconcelos., Nelson Bandeira.,, Swasilanne Sousa., Maria Céu Machado and Filomena Pereira
(2022).Adolescent pregnancy in Sao Tome and Principe: are there different obstetric and perinatal outcomes?BMC
Pregnancy and Childbirth (2022) 22:453 https://doi.org/10.1186/s12884-022-04779-9

© 2023-2017 IRJIET All Rights Reserved www.irjiet.com 145


https://doi.org/10.1046/j.0001-6349.2001.00169.x
https://doi.org/10.1186/s12884-022-04619-w
https://doi.org/10.1186/s12884-022-04779-9

[17]

[18]

[19]

[20]

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

.=
/7 | ISSN (online): 2581-3048
/ Volume 7, Issue 2, pp 141-146, February-2023
IHJIET https://doi.org/10.47001 /IRJIET/2023.702022
Betelhem Eshetu Birhanu., Deresse Legesse Kebede., Alemayehu Bayray Kahsay and Abate Bekele Belachew (2019).
Predictors of teenage pregnancy in Ethiopia: a multilevel analysis. BMC Public Health (2019) 19:601
https://doi.org/10.1186/s12889-019-6845-7
Betregiorgis Zegeye., Bright Opoku Ahinkorah., Dina Idriss-Wheeler., Comfort Z. Olorunsaiye4, Nicholas Kofi Adjei5
and Sanni Yaya6 (2021). Modern contraceptive utilization and its associated factors among married women in Senegal: a
multilevel analysis. BMC Public Health (2021) 21:231 https://doi.org/10.1186/s12889-021-10252-7
Ibrahim Yakubu and Waliu Jawula Salisu (2018). Determinants of adolescent pregnancy in sub-Saharan Africa: a
systematic review. Reproductive Health (2018) 15:15 DOI 10.1186/s12978-018-0460-4
Ghazaleh Samandari., Carolyn Grant., Lily Brent and Sara Gullo (2019).“Tt is a thing that depends on God”: barriers to

delaying first birth and pursuing alternative futures among newly married adolescent girls in Niger. Reproductive Health
(2019) 16:109 https://doi.org/10.1186/s12978-019-0757-y.

Citation of this Article:

Smartson. P. NYONI, Thabani NYONI, “Holt’s Linear Method Use in Forecasting Adolescent Fertility for Jordan” Published
in International Research Journal of Innovations in Engineering and Technology - IRJIET, Volume 7, Issue 2, pp 141-146,
February 2023. Article DOI https://doi.org/10.47001/IRJIET/2022.702022

*kkkhkkikk

© 2023-2017 IRJIET All Rights Reserved www.irjiet.com 146



https://doi.org/10.1186/s12889-019-6845-7
https://doi.org/10.1186/s12889-021-10252-7
https://doi.org/10.1186/s12978-019-0757-y
https://doi.org/10.47001/IRJIET/2022.702022

