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Abstract

This research examined the Reported cases of HIV/AIDS using ARMA model. It intends to 

forecast the number of HIV Cases in Nigeria using Sir Yahaya Memorial Hospital, Birnin Kebbi, 

Kebbi State as a case study.  A visual inspection was used to observe the unit root situation of the 

variable by plotting   Autocorrelation Function (ACF) and Partial Autocorrelation Function 

(PACF) of Data respectively. There after the stationary condition of the variable was checked by 

using Augmented Dickey-Fuller and KPSS test Statistics. We discovered that the data series of 

HIV Cases is stationary at the level. The Best ARIMA model has been selected by using the Akaike 

information criteria (AIC) and Mean Absolute Percentage Error (MAPE). The model for which 

the values of criteria are smallest is considered as the best model. Hence ARIMA (2, 0, 1) is 

chosen as the best model for forecasting the variable of HIV Cases in Kebbi State. From the 

analysis  it has being confirm that monthly reported cases of HIV/AIDS in Sir Yahaya Memorial 

Hospital, Birnin Kebbi, Kebbi State, Nigeria exhibit a Downward  trend, indicating a decrease in 

the reported cases of HIV .the result shows that HIV is slightly decaying geometrically 

Key word: ARIMA,, HIV, AIDS,  FORECAST.

1.1 INTRODUCTION

AIDS (Acquired Immune Deficiency Syndrome) was the great pandemic of the second half of 

the twentieth century, first described in 1981. AIDS is a result of infection by Human Immune 

Deficiency Virus (HIV). A positive-Stand enveloped RNA virus with family retroviridae. 

Although disease has been studied intensively for the first two and a half decades that HIV-1 

arose from the SIVcpz retrovirus harbored by chimpanzee pantrodytes (Amborzia, Levy 1998)
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Epidemiologically, AIDS occurs worldwide though HIV-2 strain predominates in West Africa 

HIV is acquired and may be pass from one person to another when infected blood, semen or 

virginal secretions come in contact with uninfected persons broken skin or mucous membranes. 

In developing world AIDS affect man and women alike with many women getting the disease 

from their husbands who have multiple sex partners. The group must at risk for acquiring AIDS 

(are in descending order) men who have sex with other men, intravenous drug users and 

prostitutes, children born by infected mother, as well as Brest-fed infants transfusion patient and 

transplant recipients. Transmission of HIV in letter risk group is exceedingly rare due to 

extensive testing of blood product before use. The mortality rate from AIDS is almost 100% if it 

is not treated; the use of antiviral medication has significantly reduced the mortality and 

morbidity of AIDS in developed nations (UNAIDS).

Considering the fact that, Acquired Immune Deficiency Syndrome or Acquired 

Immunodeficiency Syndrome AIDS is a disease of human immune cause by Human Immune 

Deficiency Virus (HIV), that is an acronym for Acquired Immune Deficiency Syndrome a 

medical condition resulting from an infection by Human Immunodeficiency Virus (HIV) that 

invades and cripple immune system (the very that will normally get rid of a virus) exposing the 

body with life threatening opportunistic infection and disease. As time goes by a person who 

have been infected with HIV will likely to become ill and more often until, several years (average 

10yeas) they become ill with one of number of particular severe illness, it is at this point in the 

stage of HIV infection that they are said to have AIDS when number of immune left in their body 

drop below a particular point Palella, F.J. et al. (1998)

 Clinically, HIV infection can appear in various forms. In general doctors would look for bodily 

signs that are associated with the disease. This is not defective because, statistics shows different 

presentations of HIV infection Ardeme, G.(2017)

 

1.2  OBJECTIVES OF THE STUDY

The Objectives of this study is:

1. To use time series model (ARMA) to investigate the reported cases of patients of 

HIV/AIDS recorded at Sir Yahaya Memorial Hospital, Birnin Kebbi, Kebbi State, Nigeria 

between January 2008 to December 2019, and to select the best ARMA MODEL

2. To use the model to forecast the future cases of HIV/AIDS in Kebbi State, Nigeria

2.0 Material and Methods 

The detailed overview of procedures and methodology implemented in this research 

work are discoursed. The theoretical model, which also serves as a basic frame work of 

our statistical analysis, is Autoregressive Moving Average   (ARMA) Model using a 

Univariate Box and Jenkins methodology
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2.1 Univariate Box and Jenkins – ARMA MODEL

Box and Jenkins (1976) formalized the ARMA modeling framework by defining three 

steps to be carried out in the analysis namely identify the model, estimation of the 

coefficients and verification of the model; identification of the model (i.e. how many 

terms to be included) is based on the autocorrelation function (ACF) and partial auto-

correlation function (PACF) of the differenced, log-transformed time series.  Estimation 

of the coefficients of the model is carried out by means of the maximum likelihood 

method.

Verification of the model is done through diagnostic checks of the residual (histogram 

and normal probability plot of residuals, standardized residuals and ACF and PACF of 

the residuals).  The performance of ARMA models is often tested through comparisons 

of predictions with observations not used in the fitted model.

The accuracy of the ARMA forecast model was compared to the average of the annual 

2

production over the previous years by examining the variance accounted for (r ) by the 

model.

The UBJ–ARMA method applies only to stationary data series.  A stationary time series 

has a mean, variance, and auto-correlation function that are essentially constant through 

time.  The stationary assumption simplifies the theory underlying UBJ models and helps 

to ensure that we can get useful estimates of parameters from a moderate number of 

observations.  If a time series is stationary, then the mean and variance of any major 

subset of the series should not differ significantly from mean and variance of any other 

major subset of the series.  

A series is said to be non-stationary if it does not vary about a constant mean.  That is, the 

series does not exhibit homogeneous behavior of a kind.  A model that can represent 

homogenous non-stationary behavior using Box, Jenkins, and Reinsel (1992) is of the 

form:
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Where y  is the response variable at time t, �(â) represents the AR proceeds operator    (â) 

t

the MA process operator.  a  represent the white noise, â is the backward shift operator 

t

and d is the number of times the data series  must be differenced to induce a stationary

Therefore, homogenous non-stationary behavior can sometimes be represented by a model that 

th 

calls for the d   difference of the process to be stationary. In practice d is usually 0, 1 or at most 2 

(Pankartz, 1983).  The model above is an ARIMA process of order p,d,q or simply ARIMA 

(p,d,q) process.

However, quite often non-stationary series can be transformed to stationary series through 

differencing. However, in the case of ARMA the value of d is zero indicating that the variable is 

stationary at level.

The box et al (1978) approach for model building includes tentative model identification, 

estimation of model parameter, and diagnosis of fitted model. 

The two major tools used at the identification stage of model building are the auto-correlation 

function (ACF) and partial autocorrelation function (PACF).  The ACF at lag K is the correlation 

between the observed data y , say and y .  This is given by

t t+k
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3.0 RESULT

The time serie data collected for this study are recorded cases of HIV/AIDS patients at Sir 

Yahaya Memorial Hospital Birnin Kebbi from January 2008 to December 2019 consisting of 144 

monthly observation. These were used to build a suitable ARMA (p,q) model to forecast the 

future cases of HIV/AIDs patients at the Hospital over a period of twenty four months i.e. 

January 2020 to December 2021.

Figure 3.1: A time series plot display of the reported HIV cases at levels

3.1 STATIONARITY TEST

The process start with testing for stationarity using the time plot diagram and also performing 

Unit –root tests (ADF and KPSS). The graphical representation of the series against time in it 

levels (Fig. 3.1) indicates that the series is stationary because the mean and variance does not 

change with time. 
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Figure 3.2: ACF and PACF for reported HIV cases at levels

From ACF it can be deduced that the series is highly positively auto-correlated with highly 

persistent correlation. Looking at the PACF on the other hand, it can be observed clearly that the 

model for data is mixed one. This is to say the model for the data is mixed with AR and MA 

component

3.2 UNIT ROOT TEST

 Due to the stationarity of the data which we observed from the time series plot we also apply the 

unit-root test which is shown in table 4.2. evidently from figure 3.1, the variance and mean looks 

stationary but this is not enough to test for the stationarity with respect to the mean and variance. 

A confirmatory test on stationarity is followed through using the Augmented Dickey Fuller 

(ADF) and KPSS unit root test at levels as shown in table 3.2

ADF also test the null hypothesis of stationarity against the alternative hypothesis of non 

stationarity, the decision rule is that reject the null hypothesis if the value of test statistic is 

smaller than the critical value.

The KPSS statistic test the null hypothesis of stationarity against the alternative hypothesis of 

non stationarity, the decision rule is to reject the null hypothesis when the value of test statistic is 

greater than the critical value. The unit root test result accept the null hypothesis at 5% level of 

significance indicating that the series is stationary in its level and so therefore, there is no need to 

difference the series.

Table 3.2 showing the results for further tests for the original data

3.3 MODEL FITTING

After the series becomes stationary at levels, the first step is to identify the order of both AR and 

Ma parts of the ARMA model. So therefore different forms of ARMA models were suggested as 

the following: ARMA (1,0,1), ARMA (1,02), ARMA (2,0,1), ARMA (2,0,2), ARMA (2,0,3) and 

ARMA (3,0,1). The model that minimizes the information criteria is ARMA (2, 0, 1), because it 

has lowest or smallest Aikaiyike Information Criteria (AIC), Schwarz criterion and Log-

likelihood.
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UNIT ROOT TEST

 

COMPUTED VALUE

 

CRITICAL VALUE AT 5%

Augment Dickey Fuller 

(ADF)

 

-3.90454

 

-2.93   

 

KPSS Test

0.178031 0.462   
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Table 3.3 Model Selection

3.4 PARAMETER OF ESTIMATE OF ARMA (2, 0, 1)

Model 8: ARMA, using observations 2008:01-2019:12 (T = 144)

Dependent variable: HIV Standard errors based on Hessian

Table 3.4 Estimated result of ARMA (2, 0, 1) 

From the table 3.3 the AIC result shows ARMA(2, 0,1) model is the most appropriate model.

Estimated equation for ARMA (2, 0, 1) model is given by

     

             Y = a + b X  + b X + d U +e

t 1 t1 2 t2 0 1 t

           Y = 21.1338 +1.53559   0.575970   1.0000  +e

t  t1  t2  t1 t

Analysis of residual

The analysis of ARMA residuals constitutes an important test of the model. The estimation 

procedure assumes that the residual are not auto correlated and are normally distributed the 

figure bellow shows the analysis of the residual: 
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MODEL

 

AIC

 

SC

 

LOG LIKELIHOOD

 

ARMA(1,0,1)

 

1038.292

 

1050.17

 

 515.1461

 

ARMA(1,0,2)

 

1038.971

 

1053.820

 

- 514.4855

 

ARMA(2,0,1)

 

1036.092

 

1050.941

 

- 513.0459

 

ARMA(2,0,2)

 

1038.809

 

1056.628

 

- 513.4045

 

ARMA(2,0,3)

 

1037.262

 

1058.051

 

- 511.6311

 

ARMA(3,0,1)

1039.491 1057.310 - 513.7457

Variable

 

Coefficient

 

Std. Error

 

z

 

p-value

 

Const

 

21.1338

 

0.351662

 

60.10

 

<0.0001

 

**

*

phi_1

 

1.53559

 

0.0699595

 

21.95

 

<0.0001

 

**

*

phi_2

 

- 0.575970

 

0.0721546

 

- 7.982

 

<0.0001

 

**

*

theta_1

 

- 1.00000

 

0.0192244

 

- 52.02

 

<0.0001

 

**

*
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Figure 3.3 Residual ACF and PACF for reported cases of patients with HIV/AIDS 

Carefully study of both residual ACF and PACF reveals that model is adequate.

3.5 FORECASTING

To generate data on the expected monthly number of reported cases of HIV/AIDS, the ARMA 

model of the observed number of reported cases, to obtain forecast of the two years future series 

is shown in the figure below:

For 95% confidence intervals, z(0.025) = 1.96

Table 3.5: Forecasted Values of HIV/AIDS using the ARMA (2, 0, 1) From 2020:01 to 

2021:12 at 95% confidence intervals, z(0.025) = 1.96
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Obs

 

prediction

 

std. error

 

95% interval

2020:01

 

14.0199

 

8.45958

 

(-2.56060, 30.6003)

2020:02

 

17.7744

 

9.59651

 

(-1.03441, 36.5832)

2020:03

 

20.0726

 

9.82041

 

(0.824914, 39.3202)

2020:04

 

21.4391

 

9.83825

 

(2.15648, 40.7217)

2020:05

 

22.2138

 

9.84257

 

(2.92276, 41.5049)

2020:06

 

22.6165

 

9.87413

 

(3.26351, 41.9694)

2020:07

 

22.7885

 

9.92911

 

(3.32778, 42.2492)

2020:08

 

22.8207

 

9.99525

 

(3.23041, 42.4111)

2020:09

 

22.7712

 

10.0625

 

(3.04899, 42.4934)

2020:10

 

22.6765

 

10.1250

 

(2.83195, 42.5211)

2020:11

 

22.5597

 

10.1798

 

(2.60769, 42.5117)

2020:12

 

22.4349

 

10.2262

 

(2.39182, 42.4779)

2021:01

 

22.3104

 

10.2646

 

(2.19210, 42.4287)

2021:02

 

22.1912

 

10.2959

 

(2.01167, 42.3707)

2021:03 22.0798 10.3210 (1.85105, 42.3086)

2021:04 21.9775 10.3411 (1.70940, 42.2456)

2021:05 21.8845 10.3570 (1.58519, 42.1838)

2021:06 21.8006 10.3695 (1.47665, 42.1245)

2021:07 21.7253 10.3795 (1.38198, 42.0687)

2021:08 21.6581 10.3872 (1.29949, 42.0167)

2021:09 21.5982 10.3934 (1.22761, 41.9688)

2021:10 21.5450 10.3982 (1.16496, 41.9250)

2021:11 21.4977 10.4019 (1.11032, 41.8851)

2021:12 21.4558 10.4049 (1.06263, 41.8489)
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Figure 3.4: Comparison of actual and forecasted values of Report Cases of Patients with 

HIV/AIDS.

From figure 3.4, it can be seen that between February, 2015 and February, 2019, the values are 

almost exact, with slight deviations in predicting values in December, 2017 and January 2018. A 

large deviation is observed between March, 2019 and August, 2019. 

Verify how successful the forecast has been to predicting the future values of the series. It can be 

seen that, from Table 3.4, the smallest predicted value of new HIV/AIDs cases is 14.0199 which 

is expected to happen January 2020. This implies that new reported cases of patients with 

HIV/AIDs are decreasing steadily, confirming with the new January 2020 report of 22 new cases. 

3.2 CONCLUSSION

This study made the Best endeavor to develop the best ARMA model for efficiently Forecasting 

the HIV Cases in Kebbi State .We developed a Best model which can be used to predict future 

HIV Cases in Kebbi State. The empirical analysis indicates that ARMA (102) is The Best Model 

for Forecasting HIV Cases in Kebbi State; we used the selected model in our forecast. Finally we 

provided the forecast figures from jaruary2020 to December 2021.
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3.3 Recommendations

The following recommendations were made to enhance research for the benefit of the policy 

makers and researchers. 

1. This study recommend for further study to check  weather there exist a seasonality effect in the 

data.. 

2. Modern facilities should be put in place to arrest the spread of HIV/AIDS in Nigeria. 

3. Government should intensify awareness campaigns especially in the rural area.

4. Government should increase funding in order to alleviate the suffering of HIV patients.
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