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Abstract:

The present study aimed at the comparison of ARIMA model with Holt’s model and ARIMA
model. In this study, time series data concerning about birth rate was collected for the period
from 1995-96 to 2018-19 (24 years). Two separate models were used to find the best fitting
model for the future forecast of India's birth rate: Holt's and Autoregressive integrated
moving average (ARIMA). In terms of low accuracy measure error, Holt's models and the
ARIMA model are found to be more accurate than the other analysed models. Forecasting
errors namely Mean Square Error (MSE), Root Mean Square Error (RMSE), Mean Absolute
Error (MAE), Mean Absolute Percentage Error (MAPE), and Mean Percentage Error (MPE).
The ARIMA model performance and is more accurate than the Holts model, which has the
lowest MSE = 0.012227, RMSE= 0.110577, MAE = 0.087999, MPE= 0.088056, and

MAPE=0.366742.
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1.Introduction

Fertility is one of a population's most important demographic characteristics (Bhende et
al., 1997, Pathak et al., 2016; Singh et al., 2022). The level of childbearing in a population is
measured by fertility rates. They are crucial in defining a population's growth rate as well as
its age structure (the proportion of the population who is young against the proportion who is
old) (Bhende et al., 1997; Tiwari et al., 2021). Some fertility measurements are true “rates,”
in the sense that they represent the "risk" of having a child during a specific time frame. The
crude birth rate, the general fertility rate, and age-specific fertility rates are examples of such
measurements. Other metrics of fertility, such as cohort completed fertility and the total
fertility rate, are not true rates but do capture the level of childbearing in a community
(Bhende et al., 1997; Bongaarts, 2020). Fertility prediction plays a vital role due to its
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relevance in predicting and controlling population growth and dynamics (Pathak et al., 2016;
Radkar, 2020).

This study investigates various causes of declining birth rates. We start by looking at birth
rates by age, education, race and ethnicity, marital status, and birth parity for various
demographic groups (Kearney et al., 2022). We wanted to see how a gonadotropin releasing
hormone agonist trigger, alone or in combination with several low dosage human chorionic
gonadotropin regimens, affected rates of oocyte maturation and cumulative live birth in high
responders who were on gonadotropin releasing hormone antagonist cycles (He ef al., 2022).
We characterise monthly variations in preterm birth by method of delivery adjusted for
seasonality and trend using data from the US Census of Births from 2010 t02020 (Dench et
al., 2022). The researchers wanted to examine how well five different intrauterine adhesion
evaluation techniques predicted the live birth rate following transcervical adhesion (Cao et
al., 2021). The birth rate is a crude measure of a population's fertility and is an important
factor in population expansion. It calculates the number of live births per thousand population
in a particular year and location.

Many researchers (Shang et al., 2020) have considered model averaging techniques, (Singh
et al., 2022) considered Bongaarts’ proximate determinants model, (Fagbamigbe ef al., 2014;
Devkota, 2018, Arbu et al., 2021, Singh et al., 2022) considered multiple regression
techniques, (Elhag et al., 2020) considered exponential smoothing, (Adeyinka et al., 2020)
used Holt’s winter technique, (Tripathi et al., 2018; Adeyinka et al., 2020, Elhag et al.,
2020). It presents a basic econometric model for COVID-2019 spread prediction. We utilised
an ARIMA model predicted from Johns Hopkins epidemiological data to estimate the
epidemiological trajectory of COVID-2019 prevalence and incidence (Benvenuto et al. 2020).
The ARIMA model, which incorporates demographic characteristics, social economic
circumstances, transportation accessibility, and environmental resources into four
regression models, is utilised in this work to forecast other time series models. In mainland
Spain and California, they employed the ARIMA technique to establish a strategy for
estimating next-day electricity costs for both spot and long-term contracts (Contreras et al.
2003).

The number of requests for automobiles from PT. Suzuki Indomobil Motor from 2017 to
2019 is data with seasonal trends that may be smoothed with ARIMA and Holt-Winters
exponential smoothing (Pujiharta et al., 2022). Rainfall is forecasted using the ARIMA and
Holt Winters models, with the ARIMA and Holt Winters models providing the best accuracy
(Joshi and Tyagi 2021). The-Sutte Indicator approach is more accurate than ARIMA (2,2,2)
and Holt Winters in predicting data of Infant Mortality Rate in China, according to the
findings and discussion. The-Sutte Indicator method's MSE and MAPE values are less than
ARIMA (2,2,2) and Holt Winters, as can be observed from the MSE and MAPE values
(Kurniasih et al., 2018)

2.Materials and Methods

The current investigation was based on secondary data (time series data) on India's birth
rate, which was acquired from www.indiastat.com. during the years 1995-96 to 2018-19 (24
years). The data analysis has been performed using the R software.
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2.1 Double Exponential Smoothing (Holt’s) Model
Holt improved simple exponential smoothing to allow data with a trend to be forecasted

(Fig.1) and it is also known as Double exponential smoothing method (Holt, 2004, Nazim et
al., 2014). Holt’s technique uses two smoothing parameters to update the level and trend
component and have three equations which perform different function: (1) level smoothing
equation (/) (2) trend smoothing equation (b;) and (3) forecasting equation (/m). The
mathematical equation for Holt’s method is given as follows:

Level smoothing equation: h=oay+ (1-a) (1 + by (1)
Trend smoothing equation: be=B (I - Ii.1) + (1- B) by (2)
Forecasting equation : him =1 + m b, 3)

a=smoothing constant for the data (0<a<I)
= smoothing constant for the trend estimate (0<B<1)
m=number of periods ahead to be forecast

Data vs Methods
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Fig. 1 Selection Procedure for Double Exponential Smoothing

2.3 Autoregressive Integrated Moving Average (ARIMA)

The Autoregressive Integrated Moving Average (ARIMA) model was created by Box and
Jenkins and is widely used in time series forecasting (Tripathi et al., 2018). The fundamental
goal of fitting this ARIMA model is to identify the time series' stochastic process and
properly predict future values (Asteriou et al., 2011; Liu et al, 2021). ARIMA can be used in
situations when there is a signal of non-stationarity in the data. The architecture of Box-
Jenkins Methodology is shown in (Fig. 2),
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Fig. 2 Architecture of Box-Jenkins Methodology
An Autoregressive Integrated Moving Average (ARIMA) is used to describe a time series
X, of order (p, d, q) if d™ difference of X, i.c., Y, =V%X, is a stationary ARMA (p, q) process.
As Y; ~ ARMA (p, q), it has the following form:

YV =DV, 1+ DY o+ + @Yy +E+ O18 1+ Orerp +..o. +0,6¢—g - - (5)
Where @, # 0 and @, # 0, €, ~ white noise (0, g%), Cov (€, , Y, ) =0V j > 0.

The ARIMA model is a composite of several models rather than a single model (Elhag et
al., 2020). As a result, the ARIMA equation is stated in the form of the orders of these
distinct models designated by the letters p, d, and q and it is explained in (Fig.3).

ARIMA (p,d,q)

AR (p) I (d) MA (q)
Number of time Number of times Number of past
lags in auto differencing is done random errors in
regressive model moving average mode|

Fig. 3 Architecture of ARIMA Model
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Fig. 4 Process of ARIMA analysis and accuracy measurements

3.Results and Discussion

- \[ Varianeey, [ v, ]\f Variemee v, ./ v, )

In this section, a comparative of the prediction accuracy of the ARIMA model to Holt's
model for future prediction of India's birth rate and it is shown in Table 1. The outcome
revealed that ARIMA Model is significantly better than the other considered model i.e.,
Holt’s model and it is observed by the low values of accuracy measures namely mean square
error (MSE), root mean square error (RMSE), mean absolute error (MAE), mean percentage

error (MPE), mean absolute percentage error (MAPE).

Table 1 Comparison of Various Model on the basis of Model Evaluation Criteria

Model Evaluation ARIMA HOLT’s
Criteria

MSE 0.012227 0.018578

RMSE 0.110577 0.136302

MAE 0.087999 0.094424

MPE 0.088056 0.212323

MAPE 0.366742 0.389555
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The above Fig. 5 line plot shows total actual birth rate data in India from 1995 to 2019.
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The above Fig. 6 The autocorrelation function was used to actual data plot in India from
1995 to 2019.
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The above Fig. 7 Actual data from 1995 to 2019 in India was shown using the parital
autocorrelation function.

Holt's Method Fitted
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The above Fig. 8 Holt's method actual and fitted plot are used in India (1995-2019).
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Forecasts from Holt's method
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The above Fig. 9 birth rate fit and forecast plots using Holt's method in India (1995-2035).
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The above Fig. 10 Holt's method Residuals plots.
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Holt's Future Prediction for the Period 2020-2021 to 2034-2035
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The above Fig. 11 Holt's method during the 2020-2021 to 2034-2035 period, the
compersion upper future prediction is 80% and 95%. The best future forecast has a 95%
higher confidence level.

ARIMA(1,1,6) Fitted
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The above Fig. 12 ARIMA (1,1,6) actual and fitted plot are used in India (1995-2019).
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Forecasts from ARIMA(1,1,6)
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The above Fig. 13 birth rate fit and forecast plots using ARIMA(1,1,6) in India (1995-2035).
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The above Fig. 14 ARIMA(1,1,6) Residuals plots.
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ARIMA(1,1,6) Future Prediction forthe Period 2020-2021to 2034-2035
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The above Fig. 15 ARIMA(1,1,6) during the 2020-2021 to 2034-2035 period, the compersion
upper future prediction is 80% and 95%. The best future forecast has a 95% higher
confidence level.

ARIMA and Holt's Forecast in 2020 to 2035
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Fig. 16 shows ARIMA and Holt's models in future forecasting (2020-2035). In comparison to
Holt's future prediction line in red, the ARIMA future prediction line in green provides the
best prediction.

The birth rate was calculated annually from 1995 to 2019, and it clearly shows that the
birth rate has been steadily dropping from 1995 to 2019. From the predict of birth rate for
1995 -2019 from ARIMA, and Holt's model. The out-of-sample future predictions for each
model from 2020 to 2035, on the other hand, were not similar. ARIMA's MSE (0.012227)
was lower than Holt's method (0.018578), and ARIMA's comparable RMSE (0.110577) was
also lower than Holt's method (0.136302). When compared to Holt's method, ARIMA has
the lowest MAE (0.087999). (0.094424), ARIMA has the lowest MPE when compared to
Holt's method (0.088056). (0.212323), and ARIMA has the lowest MAPE when compared to
Holt's method (0.3667742). (0.389555). In this study, the efficacy of time series to predict
outcomes was relative to conventional statistical methods. Furthermore, the efficiency of
computer hardware such as the central processing unit (CPU) and random-access memory
(RAM) has a significant impact on calculation time (RAM). To design treatments for
enhancing child survival programmes in India, we prioritised the accuracy of procedures
over time.

4.Conclusion

The ARIMA model was shown to be more appropriate than other commonly used
techniques for estimating future estimations of India's birth rate in this study. Making
accurate birth rate forecasts will allow policymakers to take more informed decisions about
population growth, family planning programmes, and health-care delivery. It is also critical
for government policy, planning, and decision-making in multiple sectors, including maternal
and child health, childcare, education, and housing.
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