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Abstract

This research study utilizes the Time Series Model analytical approach to
investigate and predict the monthly records of female births at the General
Hospital in Ukpom Abak, estimating the expected pattern of female births
in the Abak Metropolis. Currently, there is a significant neglect of the
documentation of female births, leading to a need for more reliable
statistics on female births. This lack of data adversely affects the accuracy
of predicting the number of daughters born to a female as she progresses
through her reproductive age. Furthermore, with rapid population growth,
government planners require assistance planning for various aspects such
as workforce, education, healthcare facilities, and other essential amenities.
Despite the efforts of government agencies such as the Bureau of Statistics
to ensure proper birth records, parents have shown reluctance to provide
the necessary information. The researcher suggests using time series
analysis, which involves collecting well-defined data items obtained
through repeated measurements over time, to gain reliable insights into the
trends and patterns of female births. The analysis's findings could prove
invaluable to governmental planners and other stakeholders managing the
population.

Keywords: Sarima, Aic ,Bic,Time Series,Health

Introduction

Compulsory birth registration with governmental agencies originated in
the UK in 1853. Now, most countries have laws regulating the registration
of births, which is the responsibility of the mother's physician, midwife,
hospital administrator, or the child's parents. The original purpose of vital
statistics was tax purposes and determining the
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available military workforce. The practice of registering births with
churches continued into the 19th century.

Government agencies retain the actual birth record and provide certified
copies or representations of the original birth record upon request. These
records are used to apply for government benefits, including passports.
Birth predictions are essential for labour force planning, social welfare,
education, health, housing, transportation, and public infrastructure.
Planners and decision-makers in Commonwealth agencies, governments,
and private enterprises rely on information on future births to create
development plans.

Female births are of particular interest since they can be used to obtain the
gross reproduction rate (GRR) and net reproduction rate (NRR), which
measure the average number of daughters born to a female if she passes
through her lifetime. The case study focused on Ukpom General
Hospital's recorded female births between 2006 and 2016. The hospital is
vital since it serves women from diverse locations within the local
government area who come to deliver their babies.

Many studies have analyzed time series models, focusing on the
autoregressive integrated moving average (ARIMA) models. These
models have been utilized in various fields, including but not limited to
population growth, birth rates, malaria infections, and consumer price
index (CPI) data. For instance, Wangdi et al. (2010) developed a temporal
model utilizing ARIMAX analysis to forecast malaria infections in
Bhutan. Akhter (2013) created a model for Bangladesh's monthly CPI
from 2000 to 2012 using seasonal ARIMA models. Akpanta and Okorie
(2015) used SARIMA models to analyze Nigeria's CPI data from 1996 to
2013.

Additionally, time series models have been employed to analyze seasonal
and non-seasonal variations in monthly birth data for regions such as
Norway, Ontario, and London. Lee et al. (2006) performed a systematic
review of countries where the seasonal pattern of preterm birth has been
reported and analyzed the seasonal variability of preterm birth in a
London-based cohort. Their results demonstrated that the seasonality in
the London-based cohort differed from other developed
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countries that previously reported the seasonal pattern of preterm birth.
Therefore, it is crucial to model female birth using SARIMA models,
particularly since preterm birth has a seasonal pattern. This research aims
to determine the trend of female births, assess the series' stationarity using
ACF and PACF, and fit an appropriate time series model to the data using
the SARIMA model. Birth forecasts are vital to any developmental plan,
especially in developing countries where female births are not monitored
from reproductive age to menopause. Predicting the trend of female births
can help estimate the population of a country or state at a given time,
taking into account the average number of children a woman is expected
to have and the probability of their survival.

Method of Analysis

On generalizing data collected for time series analysis, two Seasonal
Autoregressive Integrated Moving Average Models (SARIMA) are
identified. They are SARIMA (1,1,1)(0,1,1)12 and SARIMA
(1,1,1)(1,1,21)12 for female births. Jain et al., 1985 believe that the
Autoregressive Integrated Moving Average (ARIMA) Model is adequate
for analyzing births. The result shows that the SARIMA (1,1,1)(0,1,1)12
model is appropriate for female births predictions.

Seasonal Autoregressive Integrated Moving Average Model (SARIMA)
1. Represent the series {¥;} in Buys-Ballot table which contains

Yi_o Yoy Y, Yoiq Yeis . the within periods, and

Yoo, Yoo ¥, Yoo Yoo the between periods relationships.
2. Fit a non-seasonal ARIMA model for the series.

@,(B)(1— B)®Y, = 6_(B)a, thena, will not be white noise if

Pji=E [(ﬂr_}-s —p)a, —ﬁgj] /ol =1, 2, 3... represents
the

unexplained between periods relationship.
3. The between periods can be represented as an ARIMA model.
@p(B°)(1—B7)°Y, = 0, (B )a,

where,

@p(B*) =1— ¢,(B) — £ (B%) — " $p (B¥). s
and?d, (B*)a, =1 — 0, (B*)a, — 9,(B¥)a, — -~ 0,(B¥)a,

are polynomials in B* with common roots. The root of these polynomials
liesoutside the unit circle, a, and is zero mean white noise process.
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4. combining steps 2 and 3 we get the multiplicative seasonal ARIMA model
5 d SyDyr
@p(B~)0,(B)(1— B)*(1—-B°)°Y, = 8, (B)0,(B)a,
where, E'?, [Ei':] and g [:3] are regular autoregressive and moving average factors
q

(polynomials) and 19@ (33] @ aE% _.;:] are the seasonal autoregressive andmoving

. £ -
average factors (or polynomials) respectively.

5. The model is denoted as ARIMA (p,d,q)*(P,D,Q)s where the sub index S refers
to the seasonal period.

The forecast can be obtained using
@p(B%)0,(B)(1— B)(1— B*)?Y, = 8,(B)Y,(B)a,.

Diagnostic Check and Model Selection
Model Selection

The Akaike Information Criterion (AIC) and Normalized Bayesian
Information Criterion (BIC) are used to select the most suitable model.

Diagnostic Checking

Diagnostic checking is basically used to know if the identified model is
adequate for the data. According to Box and Jenkins (1970), there are
several methods that can be used for diagnostic checking, but in this
study, the diagnostic plots were used to check if the residuals of each
model are uncorrelated at various lag.

The forecast was obtained using
@z (B%)0,(B)(1— B)*(1— B*)°Y, = 6,(B)0,(B)a,

Data Analysis, Results and Interpretation
The data collected as shown in Table 1 is analyzed and presented

Data Analysis

Before model identification, parameter estimation and validation
(diagnostic checking),some preliminary analysis such as time plot of the
original series, monthly mean and yearly mean plot were obtained.

Time plot of the original Series
The plot of the original series against time is shown in Figure 1. The
graph of the seriesshows that the series is nonstationary.

Monthly mean Plot
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The monthly mean of the data set were computed and plotted against time
as are shownin Table 3 and Figure 2. The highest monthly mean birth was
recorded in the month of May with value 93, while August and November
recorded the lowest yearly mean birth with value 55 see Table 2.

Model Identification

The Figure representing the original series displays characteristics of a
nonstationary series with peaks occurring at equal intervals, indicating the
presence of a seasonal trend. The original series' autocorrelation function
(ACF) and partial autocorrelation function (PACF) in Figures 3 and 4
confirmed these characteristics. The inability of the autocorrelation
function to rapidly decay at higher lags, such as a lag of 30, indicates that
the series is nonstationary. To achieve stationarity, a different technique
for series transformation was implemented. The stationary nature of the
differenced series is apparent from the graph in Figure 5. The ACF and
PACEF plots of the differenced series in Figures 6 and 7 confirmed that the
series was stationary. Examining the seasonal lags (for K=12, 24) in
Figures 8 and 9, it is observed that the ACF and PACF have significant
spikes, which indicates that a seasonal AR or MA term is present. Since
the ACF and PACF of the differenced series cut off at significant lags,
suggesting a mixed process, a seasonal ARIMA model may be appropriate.

The following seasonal ARIMA models were tentatively proposed based
on the abovementioned features.

SARIMA (1,1,1) (1,1, 1)12

SARIMA (1,1,1) (0,1, 1)1,

Estimation of Parameters
Based on estimation of parameters using statistical softwares (SPSS and
GRETL), theresults showed that:

()  SARIMA(1,1,1) (1,1, D

0, 3=0.33 SE=0.136 t - value = 9.701
g 1 =0847 SE=0.087 t - value = 9.701

®12; =004 SE=0231 t—value = 0.171
B,,  =0.757 SE=0.24] t - value = 3.138
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i) SARIMA(1,1,1 (0,1,1) 12:

0, =0.339 SE =0.135 t — value = 2.509
U124 = 0.850 SE =0.086 t — value = 9.893
A =0.729 SE =0.126 t — value = 5.80

Diagnostic Checking

Having identified the model, and the parameters estimated, we now apply
diagnostic check to test the adequacy of the models. Based on the Akaike
Information Criterion (AIC) and the Normalized Bayesian Information
Criterion (BIC), we compare theadequacy of the models.

SARIMA (1,1,1) (1,1,1)12 BIC =6.481 AIC =1103.047
SARIMA (1,1,1) (0,1,1)12 BIC =6.434 AIC=1101.102

The SARIMA (1,1,1) (0,1,1)12 model has the least BIC value of 6.434 and
AIC value of 1101. Since, the parameters are statistically significant the
model is appropriate and adequate and could be used for prediction.

Interpretation of Results
From the result of the analysis, SARIMA (1, 1, 1) (0, 1, 1);, model for
female births hasthe smallest BIC and AIC values, this indicates that it is
a better model than the other estimated model. The fitted models can be
written using backward shift operator.

= SARIMA (2,1,1) (1,1,1)1,:
(1 -0, B-10, BZ) (Pr:; BEF 12 Y= (f"l‘ 1B) (1 + ﬂngFBlz)
(1 -0.3068B + 0.203B,) (1 + 0.146B*?) 12 Y= (1 +0768B) (I
0.710B*?)

1=0.306B + 0.203 B1?) (1 + 0.148BB) 1, Y= (1 + 0.768B) (&+
0.710B1)

Where
W = vV oYy,

= SARIMA (1,1,1) (0,1,1),

(1-0, B)W=(1& B) (1 + 9y, BY)
(1-0, B) W= (1& 1B) (1 + (5,8
(1-0.339B)W;= (1 + 0.850B) (1 + 0.728B,2)

Conclusion
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In figurel0, upon examining the residual plot of the ACF and the PACF
for the SARIMA (1,1,1) (0,1,1)12 model, it was observed that the residuals
exhibit white noise and that the P-values of the Ljung-Box statistic for the
SARIMA (1,1,1) (0,1,1)12 model are 0.137, all of which are greater than
or equal to 0.05. Thus, the model fits the data.

Given that the prediction of births is a crucial factor in any developmental
plan, particularly in a developing country where female births are not
tracked from their reproductive age to menopause, resulting in the inability
to obtain estimates like the GRR and NRR, this female birth model, based
on the available data, can be utilized in predicting the trend of female
births, which in turn can be used to estimate the population of the state as
of 2065, taking into account the average number of children that are
expected to be born to a woman and the probability of her survival
throughout her reproductive period.

Table 1: Female Birth
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Source: General Hospital Ukpom birth record

Table 2: The Yearly Mean of Births
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S/IN  Year Yearly Total Yearly Mean
1 2008 198 16.50
2 2009 392 32.66
3 2010 476 39.66
4 2011 664 55.33
5 2012 848 71.50
6 2013 796 66.33
7 2014 829 69.08
8 2015 1022 85.20
9 2016 1148 95.60
10 2017 1133 84.41
11 2018 997 83.08

Table 3: The Monthly Mean of Births

S/IN  Month Monthly Total Month Mean
1 JAN 596 54.18
2 FEB 721 56.45
3 MAR 778 70.72
4 APR 815 74.09
5 MAY 911 82.81
6 JUN 799 72.63
7 JUL 700 52.81
8 AUG 702 67.18
9 SEP 681 61.90
10 OCT 643 58.45
11 NOV 637 57.90
12 DEC 640 58.18
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Fig. 2: Plot of Monthly Mean against Time of female births
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Fig.4: Plot of PACF of the Original Series of female births
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Fig.6: Plot of ACF of First Regular Difference of the Original Series of
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