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Abstract

The study examined time series models for forecast comparison between ARIMA model and Winter
methods (Additive and Multiplicative methods) of Bayelsa State Government Internally Generated
Revenue (IGR) data frame of 2012 to 2018. The data used for the study were analyzed using Statistical
software packages: MINITAB 18 and Micro software Excel. For a better understanding of the behavior
of the data, monthly and yearly plots were done. The plot shows seasonality of order 4 with a regular first
difference. Several ARMA (p, q) Models were fitted to the internally generated revenue with respective
residuals as having white noise. The identified ARIMA model was ARIMA (0, 1, 1) (0, 0, 0)4. (Xt
=1.1524X11 -0.1524X:-2 + 0.7846et1 +ee) which has the least values of AIC and BIC amongst the fitted
models. The identified ARIMA model was used to predict for 2019 to 2021. Furthermore, winters
(additive and multiplicative) methods were employed in the study to model and forecast the internally
generated revenue. The winters method models forecast values were compared with the identified
ARIMA model forecasts using the Mean Absolute Error (MAE) and Mean square error (MSE). The
ARIMA model forecast is better than winter methods: additive and multiplicative methods and was thus
recommended for use.

Keywords: Model selection criteria, seasonality, ARIMA model, winters methods, additive and
multiplicative model

1. Introduction

A time series is a stochastic process that is an ordered sequence of observation (a collection of
observations made sequentially in time). Time series is described as a sequence of observation
order by a time parameter continuously or discretely %, The main objectives in analyzing time
series data is to interpret, understand and compute the change in the economic phenomenon in
the possibility of more correctly anticipating the course of future events.

In Nigeria, there are 36 states in which Bayelsa is inclusive. At the state levels, it is saddled
with the responsibilities of protecting lives and properties. This does not exclude the provision
of social amenities that will make life comfortable for its citizens. Bayelsa state population is
put at 1, 704, 515 (One Million, Seven Hundred and Four Thousand Five Hundred and
Fifteen) as at 2006 census ). And with an estimated increase in population by the United
Nations simply means more demand for social amenities and provision of goods and services.
This underscores the importance of the need for funds to implement government policies and
programmes to make life comfortable for its citizenry. Government, enterprises, and even
educational institutions are therefore encouraged to augment their finances by generating
revenue internally. The uncertainty in Federal Allocation Account Committee (FAAC) and the
unstable oil price at the international market and with the uncontrollable increase in
population, there is a need for urgency in aggressive drive and improvement in IGR. The
forecasting and controlling such IGR could help in the management and governance to provide
basic amenities that will better the lives of its citizenry. These amenities, goods, and services
require finances to provide them to have a society devoid of crime. The forecasting and control
of such IGR could help in planning and providing for such amenities.

The study aims to determine suitable time series model forecasts for Bayelsa state Internally
Generated Revenue (IGR) in Nigeria.
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The specific objectives include

1. To obtain the series trend, yearly and monthly mean plot, and then determine the stationarity of the series.

2. To fitasuitable time series model for the Bayelsa State IGR in terms of ARIMA model and winters method.

3. To forecasts the IGR to cover from 2019 to 2021 using the identified ARIMA & winter method.

4. Interpret the forecast values for 2019-2021 years and compare the models' forecast (ARIMA and winters method).

The rationale for this paper is that it will help policymakers to take necessary steps to increase stable state revenue for
management and governance to better the lives of its citizenry. The study is restricted to Bayelsa State IGR from 2012 to 2018.
This study is divided into five sections. Section 1 contains the introduction to time series forecasting, aim and objectives of this
paper, and rationale for the study, Section Il contains the literature on related work, Section 111 contains the methodology, Section
IV described results and discussion and Section V concludes the research work with future direction.

2. Literature review

Revenue as defined by ™ is the source of funds expected and needed by the government to finance its activities. These funds are
generated through various mediums of which one is Internally Generated Revenue. Internally Generated Revenue (IGR) is viewed
as money made by federal, state, and local government within their area of operation. The IGR for state government are money
generated by the state from various means like taxes (capital gain taxes, pay as you earn, direct assessment, etc.) and motor
vehicle licenses, among others.

An ARIMA model was developed by 1 was used in predicting the next day electricity price in the mainland span and California
market. Their developed model was able to predict the 24 market clearing prices of tomorrow. Forecasting exchange rate between
Ghana cedis and the US Dollar and forecast future rate using time series analysis was carried out by [?. They use ARIMA Model
was able showed that the predicted rates were consistent with the depreciating trend of the actual series. ARIMA (1,1,1) model
was found as the most suitable model with the least normalized Bayesian information criterion (BIC) of 9.111, Mean Absolute
Percentage Error (MAPE) of 0.915, Root Mean Square Error of 93.873, and high value of R-square of 1000. A forecast for two
years from Jan 2011 to Dec. 2012 computed shows a depreciation of the Ghana cedi against the US Dollar I 81, use univariate
time series models to forecast Thailand's export and major trade partners. Their result showed that indirect forecasts do not
outperform the direct forecast in all trade partners considered using ARIMA model 14, Research in time series modeling of
internally Generated revenue of some local governments in Nigeria, use monthly tax data of 1999-2012. Their finding shows that
ARIMA (2, 1, 2) is the suitable model for the series and The parameter coefficients indicate that the model is adequate for a good
forecast. A study on time series analysis of monthly generated revenue in Gombe local government, Nigeria was carried out by ©],
They adopted secondary data collected from the Inland Revenue department from 2006-2016. They use ordinary least square and
ARMA models and the result shows a steady increase in the revenue generated over the years and slight instability in the
deseasonalized data [®l. Investigated forecasting of government revenue for Nepal using seasonal ARIMA and Winter Method and
it was found that winter is more appropriate for forecasting government revenues 2. Compared autoregressive moving average
(ARMA), ARIMA and the autoregressive artificial neural (ARAN) models in forecasting the monthly inflow of the Dez reservoir.
The inflow to the reservoir shows that the ARIMA model results match the forecast compared with the ARMA model.

This paper used time series (IGR) data from 2012-2018 collected from the Bayelsa State Board of Internal Revenue after a formed
request was made and its subsequent approval. A statistical software called MINITAB 18 was used to carry out the analysis.

3. Methodology
Autoregressive model [AR (P)]: The general model of an AR is given by;

p
X, :¢1Xt—l +¢2Xt—2 +"'+¢pthp +€ = z¢| Xt—l + € 1)
i=1

where ; Xt is Monthly internally generated revenue, ¢,is the autoregressive model parameters, X,_; is prior observation, and
e, is the purely random process.

Ifp=1,

X, :¢1Xt—l + € 2)
Equation (2) is termed autoregressive model of order one [AR (1)]

Ifp=2;

X=Xy +9,X, +e 3)

Equation (3) is called the Autoregressive model of order for [AR (2)]
An evaluation of the auto-correlation and partial autocorrelation functions would make it easier or possible in determining fitted to
the data.

Moving average model [MA (q)]: The general model of a moving average with order q is given by;

~108~


http://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics http://www.mathsjournal.com

q
X, =e +0,6,+0,e,+.+0.6 =D 06¢e_; 6,=1 4)
i-0

Where x = the series, 6, = Moving Average Parameters and €, _; = Prior Random shocks

t—i

Ifg=1,

X, =¢e +06, e, ()
Equation (3.5) is termed a moving Average Model of order one [MA (1)]

Ifq=2;

X, =e +06 e +0,e, (6)

Equation (6) is called a Moving Average model of order two [MA (2)]

Autoregressive integrated moving average model (ARIMA): The general model for ARIMA (p, d, q) is given by;
d
#B)L-B)" X, =0(B, ™

where ; p = Non-seasoned AR order, d = Non-seasoned differencing and g = monthly AR order and B is the shift operator and d
is the d™ difference.

Model Identification
Models are identified through the study of the behavior of auto-correlation and partial autocorrelation function.

Table 1: Identification of models

AR process infinite (damped e .
Autocorrelation exponentials and or/for MA process finite. Cuts off ARMA process infinite (damped exponential gnd/ or
- damped sine wave after the first g-p lags). Tails off
damped naves). Tail off
Partial autocorrelation Finite cute off Infinite demand exponential and| Infinite damped exponential and/or damped sine waves
function (PACF) for damped sine wave tails off after the first p-q lags tails off

Reference B!

The backward shift operator: The backward shift operator, B is defined by;

BXt :Xt—l (8)
Hence
B" X, =X, ,, 9)

Forward Shift Operator, F: The operator is carry out by forward shift operation F = B and is given by;

FX, =X, (10)
Hence
F"X, =X, (11)

Backward Difference operator: Another important operator that is important to time series work is the backward difference
operator, which can be written in terms of B;

VX, =(1-B)X, =X, -X,, (12)
Hence
VX, =(1-B)' X, (13)
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Non-stationary Series and Models
Consider the ARIMA model given below;

¢(B)Xt :H(B)et (14)
where ¢ (B)=1-¢,B—¢,B? —...—¢,BPand ¢(B)=1+6,B+6,B* +...+6,B"

To ensure stationarity the roots ¢(B):0 must lie outside the unit circle and exhibit explosive non-stationarity if the roots lie
inside the unit circle.

Criteria for model selection

The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) model selection was considered in the paper
51, Both formula are defined as;

Akaike Information Criterions (AIC)

AIC=nx| n (RSS/n) +2*k (15)
Bayesian Information Criterions (BIC)

BIC =nlIn(&2) + kin(n) (16)
where

n = the number of data points in X; (or the number of observations).
k = the number of free parameters to be obtained.

RSS is the residual sum of squares or & is the error variance of the model which is a biased estimator for the true variance. In
term of the residual sum of squares (RSS); | nis the natural logarithm.

Winters' method

Winters’ method is of two types: additive and multiplicative model, where the multiplicative model is used when a seasonal
component, and possibly trend is apparent in the data. However, winters' method smoothes the data using the Holt-Winters’
exponential smoothing and provides short to medium-range forecasting. Furthermore, winters' method calculates dynamic
estimates for three components: level, trend, and seasonal. The two competing models are multiplicative and additive.

Multiplicative

The multiplicative model is chosen when the seasonal pattern in the data depends on the size of the data. In other words, the
magnitude of the seasonal pattern increases as the series goes up, and decreases as the series goes down. The multiplicative model
equation is:

Y= (Lea+T 1) Stp (17)
where

Ti=y[Li-Lea] +(1-y) T (18)
Si=a(Yi/L)+(1-a) St.p (19)
Le=P (Yt/Sep) + (1-B) [Ler+ Ted] (20)

L: is the level at time t, o is the weight for the level.

Tt is the trend at time t, y is the weight for the trend.

St is the seasonal component at time t, 3 is the weight for the seasonal component.
P the seasonal period.

Y. is the data value at time t.

Y. is the fitted value, or one-period ahead forecast at time t.

Additive
The additive model is chosen when the seasonal pattern in the data does not depend on the size of the data. In other words, the
magnitude of the seasonal pattern does not change as the series goes up or down. Also, the Additive model is given by:

?=Lt.1+Tt.1+St.p (21)
where

Te=[Li-Le] +(1-y) Tea (22)
St=a(Yi-L)+(1-w) Stp (23)
Le=B(Yt-Stp) +(1-B) [Lea+ Tea] (24)
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L, is the level at time t, a is the weight for the level.

Ty, is the trend at time t, y is the weight for the trend.

St is the seasonal component at time t, B is the weight for the seasonal component.
p is the seasonal period.

Y. is the data value at time t.

Y:is the fitted value, or one-period ahead forecast at time t.

Forecasting
Winters” methods use the trend and seasonal component to generate a forecast.

Forecast accuracy measures (FAM) or forecasting errors
Since there are always errors in forecasting, to measure that error, and to ensure the utmost accuracy in forecasting, two technique
was applied, Mean Absolute Error (MAE), and Mean square error (MSE).

4. Results and Discussion

This paper uses the ARIMA model and winter methods (Additive and Multiplicative methods) to analyze the internally generated
revenue (2012-2018) data of Bayelsa State, Nigeria. The data was obtained from the Board of Internal revenue of the Bayelsa
State Government of Nigeria (Appendix). The series plot, monthly, and yearly mean plots were done to determine the behavior of
the series.

4.1 Plots and ARIMA model Identification
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Fig 1: Yearly Mean Plot Fig 2: Monthly Mean Plot

Figure 1 shows an upward trend, which indicates that the average internally generated revenue is increasing as the years’ increase.
The yearly mean plot increase from 2012 to 2014, then decrease from 2014 to 2016, with a further increase from 2016 to 2018;
which is the peak. Figure 2 shows that the monthly mean plot has a constant trend with quarterly decrease and increases after four
months period; which suggests a seasonality of order 4.

1,400,000,000.00 -
y= 1E+08x + 4E+08
1,200,000,000.00 - R=0.541
1,000,000,000.00 -
A00,000,000.00 -
600,000,000.00 + y = -3E+06x2 + 1E+08x + 4E+08
400,000,000.00 - R?=0.543
200,000,000.00 | y = 2E+07x% - 3E+08x4 + 1E+0%9x - 5E+08
R*=0825
.00 - -
2012 2013 2014 2015 2016 2017 2018
—4—"early Mean — Linear (Yearly Mean)
— Paly. {Yearly Mean) —— Paly. {(Yearly Mean)

Fig 3: Trend Analysis of the Yearly Mean Plot

Figure 3 showed three trend curves (linear, quadratic, and cubic), which indicated that the yearly mean of the internally generated
revenue of Bayelsa state has a cubic trend as the years went since it has the highest R? value of 82.5%.
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Fig 4: First Difference Series Plot of Bayelsa state IGR from 2012-2018

Figure 4 shows that the series(IGR) is stationary after the first difference The ACF plot in Figure 5 shows two spikes cut off,
suggesting MA(q) process, and Figure 4.7 also shows two spikes cut off for PACF plot, suggesting AR(p) process.
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Fig 5: ACF plot of Bayelsa state IGR

Fig 6: PACF plot of Bayelsa state IGR

However, several ARMA (p, q) model as shown in Table 2 was fitted to the internally generated revenue of Bayelsa State and the
AIC and BIC were used to select the optimum model that fit the series.

Table 2: ARMA Models and its Parameter Estimates and Model selection Criteria

AR MA SAR SMA
MODBELS D, D, ()1 (A D14 Dr4 O14 O24 AIC BIC
-0.5426
ARIMA(1,1,0)(0,0,0)4 (0.000) 2926.48 | 3301.0
-0.3040
ARIMA(2,1,0)(0,0,0) (0.006) 2921.545 | 3298.596
ARIMA(0,1,0) (1,0,0)4 3)'130&)96) 2060.296 | 3342.208
ARIMA(0,1,0) (0,0,1)4 -0.0842 (0.454) 2960.431 | 3342.343
0.7578
ARIMA(0,1,1)(0,0,0)4 (0.000) 2909.02 |3283.639
-0.1588
ARIMA(0,1,2)(0,0,0) (0.157) 2910.202 | 3287.252
0.7846 0.1524
ARIMA(0,1,1)(1,0,0)4 (0.000) (0.195) 2907.02 |3279.639
Footnote: The bold model has the least AIC and BIC.
The suitable model that predicts the internally generated revenue of Bayelsa is ARIMA (0, 1, 1) (1, 0, 0)4 Hence, the
mathematical expression is given by:
(1_ ¢1,4B)VXt =0, +e, (25)
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(1 - ¢1,4BX1 - B)Xt =06, +e, (26)
2 —
(l-B—¢, B+¢ B )X, =08 , +e, 27)
X, —A+a )X+, X =06, +e, (28)
By substitution
X, -1.1524X, , +0.1524 X, ,=0.7846¢,_, +e¢, (29)
or
X, =1.1524X, , —0.1524 X, , +0.7846¢, _, +e, (30)
4.2 Winter’s Methods (Multiplicative and Additive)
Winters' Method Plot for IGR
Multiplicative Method
ECOOCen Variable
—&— Actual
—m— Fits
2500000000 — 4 - Forecasts
— - 95.0%PI
2000000000 Smoothing Constants
o (level) 02
¥ (trend) 02
§ 1500000000 & (seasonal) 0.2
B Accuracy Measures
1000000000 MAPE  4.68776E+01
MAD 241593E+0
MSD 946733E+16
500000000
0
1 12 24 36 48 60 84 96 108 120
Index
Fig 7: Winter Method Plot for Multiplicative of Bayelsa state IGR
Winters' Method Plot for IGR
Additive Method
3000000000 Variable
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—m— Fits
200000000 — - - Forecasts
—a& - 95.0%PI
2000000000 Smoothing Constants
o (level) 0.2
y (trend) 0.2
o 1500000000 & (seasonal) 0.2
9
Accuracy Measures
LRI MAPE 492707E+01
MAD  247621E+08
500000000 MSD  9.83475E+16
0
1 1 24 36 48 60 72 8 9 108 10
Index
Fig 8: Winter Method Plot for Additive of Bayelsa state IGR
Figure 7 and 8 shows the multiplicative and additive models of the Winters Method along with their respective forecast.
Table 3: ARIMA and Winters Method Models forecast with a 95% confidence limit (upper and lower)
ARIMA (0,1,1) - L
Additive Method Multiplicative
'Year|Month (l,gég)éclta/!;(:gel Lower Upper Forecasts Lower Upper Method Forecasts Lower Upper
2019 Jan | 1,123,418,868.00 [537,708,006.00[1,709,129,730.00| 1,352,653,947.00 |760,761,273.00[1,944,546,622.00] 1,340,280,822.00 {733,620,122.001,946,941,522.00
Feb | 1,134,295,344.00 [535,155,797.00]1,733,434,891.00] 1,101,492,361.00 |500,326,652.00[1,702,658,069.00| 1,081,767,696.00 |465,602,594.00[1,697,932,798.00
Mar | 1,182,953,630.00 [570,679,852.00[1,795,227,409.00| 1,199,497,733.00 |587,992,554.001,811,002,912.00| 1,170,251,896.00 |543,489,349.00(1,797,014,443.00]
Apr | 1,108,477,750.00 [483,345,634.00[1,733,609,865.00| 1,042,787,137.00 [419,929,158.00[1,665,645,116.00] 1,042,523,103.00 |404,124,498.00(1,680,921,708.00)
May | 1,132,096,602.00 [470,903,172.00[1,793,290,031.00| 1,371,260,409.00 |736,090,635.002,006,430,184.00 1,350,233,794.00 {699,216,208.00[2,001,251,380.00
Jun | 1,133,753,701.00 [456,771,174.00/1,810,736,228.00] 1,116,592,038.00 |468,206,099.00[1,764,977,976.00 1,091,720,668.00 |427,157,167.00[1,756,284,168.00
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Jul

1,141,167,096.00

448,755,417.00

1,833,578,775.00

1,215,884,745.00

553,432,399.00

1,878,337,092.00

1,180,204,868.00

501,223,996.00

1,859,185,741.00)

Aug

1,129,820,229.00

422,315,795.00

1,837,324,663.00

1,056,984,747.00

379,668,720.00

1,734,300,774.00

1,052,476,075.00

358,260,665.00

1,746,691,485.00

Sep

1,133,418,709.00

408,278,422.00

1,858,558,996.00

1,389,866,871.00

696,941,195.00

2,082,792,548.00

1,360,186,766.00

649,972,239.00

2,070,401,294.00

Oct

1,133,671,178.00

393,524,703.00]

1,873,817,654.00

1,131,691,715.00

422,459,674.00

1,840,923,756.00

1,101,673,640.00

374,745,896.00

1,828,601,384.00)

Nov

1,134,800,655.00

379,946,249.00)

1,889,655,061.00

1,232,271,757.00

506,083,569.00

1,958,459,946.00

1,190,157,840.00

445,850,884.00

1,934,464,797.00)

Dec

1,133,071,889.00

363,790,703.00]

1,902,353,076.00

1,071,182,358.00

327,432,678.00

1,814,932,037.00

1,062,429,047.00

300,122,431.00

1,824,735,663.00)

2020| Jan

1,133,620,140.00

349,783,092.00)

1,917,457,188.00

1,408,473,333.00

646,598,679.00

2,170,347,988.00

1,370,139,738.00

589,255,920.00

2,151,023,557.00

Feb

1,133,658,605.00

335,835,702.00]

1,931,481,509.00

1,146,791,392.00

366,267,532.00

1,927,315,252.00

1,111,626,612.00

311,628,281.00

1,911,624,943.00

Mar

1,133,830,688.00

322,262,914.00)

1,945,398,463.00

1,248,658,770.00

448,998,151.00

2,048,319,389.00

1,200,110,813.00

380,498,251.00

2,019,723,374.00

Apr

1,133,567,300.00

308,483,595.00]

1,958,651,005.00

1,085,379,968.00

266,129,202.00

1,904,630,734.00

1,072,382,019.00

232,690,526.00

1,912,073,512.00)

May

1,133,650,829.00

295,213,018.00]

1,972,088,641.00

1,427,079,795.00

587,817,242.00

2,266,342,348.00

1,380,092,711.00

519,890,126.00

2,240,295,295.00

Jun

1,133,656,690.00

282,117,465.00)

1,985,195,915.00

1,161,891,069.00

302,224,534.00

2,021,557,604.00

1,121,579,584.00

240,463,928.00

2,002,695,240.00

Jul

1,133,682,908.00

269,240,809.00]

1,998,125,006.00

1,265,045,782.00

384,610,338.00

2,145,481,226.00

1,210,063,785.00

307,661,024.00

2,112,466,545.00

Aug

1,133,642,779.00

256,487,587.00)

2,010,797,971.00

1,099,577,579.00

198,033,517.00

2,001,121,640.00

1,082,334,991.00

158,296,942.00

2,006,373,040.00

Sep

1,133,655,505.00

243,960,821.00]

2,023,350,189.00

1,445,686,257.00

522,717,178.00

2,368,655,337.00

1,390,045,683.00

444,048,050.00

2,336,043,315.00

Oct

1,133,656,398.00

231,602,740.00]

2,035,710,056.00

1,176,990,746.00

232,301,775.00

2,121,679,717.00

1,131,532,556.00

163,273,111.00

2,099,792,002.00

Nov

1,133,660,392.00

219,414,817.00)

2,047,905,968.00]

1,281,432,794.00

314,748,935.00

2,248,116,654.00

1,220,016,757.00

229,213,639.00

2,210,819,875.00

Dec

1,133,654,279.00

207,377,245.00)

2,059,931,312.00

1,113,775,189.00

124,839,792.00

2,102,710,586.00

1,092,287,963.00

78,678,120.00

2,105,897,806.00

2021] Jan

1,133,656,217.00

195,500,850.00)

2,071,811,585.00)

1,464,292,719.00

452,866,074.00

2,475,719,364.00

1,399,998,655.00

363,336,396.00

2,436,660,914.00]

Feb

1,133,656,354.00

183,772,079.00)

2,083,540,628.00)

1,192,090,423.00

157,948,460.00

2,226,232,386.00)

1,141,485,528.00

81,541,193.00

2,201,429,864.00

Mar

1,133,656,962.00

172,186,851.00)

2,095,127,074.00

1,297,819,807.00

240,752,901.00

2,354,886,712.00]

1,229,969,729.00

146,528,461.00

2,313,410,997.00]

Apr

1,133,656,031.00

160,738,041.00)

2,106,574,021.00]

1,127,972,799.00

47,784,672.00

2,208,160,927.00]

1,102,240,935.00

-4,898,440.00

2,209,380,311.00]

May

1,133,656,326.00

149,423,433.00)

2,117,889,219.00

1,482,899,181.00

379,405,892.00

2,586,392,471.00]

1,409,951,627.00

278,925,613.00

2,540,977,641.00

Jun

1,133,656,347.00

138,237,289.00)

2,129,075,404.00

1,207,190,101.00

80,219,119.00

2,334,161,082.00]

1,151,438,501.00

-3,650,986.00

2,306,527,987.00]

Jul

1,133,656,439.00

127,175,535.00]

2,140,137,344.00

1,314,206,819.00

163,596,177.00

2,464,817,461.00

1,239,922,701.00

60,603,733.00

2,419,241,669.00

Aug

1,133,656,298.00

116,233,807.00)

2,151,078,788.00)

1,142,170,410.00

-32,232,080.00

2,316,572,899.00]

1,112,193,907.00

-91,510,527.00

2,315,898,342.00]

Sep

1,133,656,343.00

105,408,665.00)

2,161,904,020.00]

1,501,505,643.00

303,168,183.00

2,699,843,104.00]

1,419,904,599.00

191,668,004.00

2,648,141,194.00

Oct

1,133,656,346.00

94,696,284.00

2,172,616,407.00

1,222,289,778.00

-117,370.00

2,444,696,925.00)

1,161,391,473.00

-91,515,360.00

2,414,298,306.00]

Nov

1,133,656,360.00

84,093,245.00

2,183,219,474.00

1,330,593,831.00

83,990,085.00

2,577,197,578.00

1,249,875,673.00

-27,831,477.00

2,527,582,823.00)

Dec

1,133,656,338.00

73,596,220.00

2,193,716,457.00

1,156,368,020.00

-114,551,989.00]

2,427,288,030.00]

1,122,146,880.00

-180,483,237.00]

2,424,776,996.00

MAE

2.38x10°

2.38x108

2.38x108

MSE

1.02x108

2.38x108

1.94x108

Appendix A

1,40,00,00,000.00

1,20,00,00,000.00

1,60,00,00,000.00

1,00,00,00,000.00

80,00,00,000.00

60,00,00,000.00

40,00,00,000.00

20,00,00,000.00
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Fig 9: Forecasts Comparisons Plot for both ARIMA and Winters Models

Below is the data used for this study work

Nov

2012

2013

2014

2015

2016

2017

2018

#

#

#

#

#

#

#

January

275,038,553.07

680,9

59,429,45

881,957,755.55

758,939,791

00

707,913,177.21

684,314,326.53

1,722,269,271.50

February

252,232,405.71

804,6

73,103.28

825,214,629.79

841,037,856.

41

466,945,217.26

993,567,890.25

1,115,585,678.41

March

448,006,253.08

92,359,707.62

909,925,726.16

815,445,712.

43

804,647,930.60

1,128,705,321.11

1,245,152,597.86

April

26,608,449.80

1,327,103,252.80

958,789,725.96

600,836, 765.

34

517,354,934.72

569,561,460.95

590,932,554.28
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May 34,842,211.82 | 645,399,841.05 | 722,988,304.56 |1,096,505,093.34( 719,918,214.11 |1,275,406,762.18|1,173,863,010.67
June 362,904,540.72 | 658,398,504.32 | 757,100,411.62 | 678,521,175.84 | 488,386,838.37 | 752,422,047.45 |1,026,436,706.91
Half year Totall1,899,639,414.16|5,045,973,478.61 | 5,055,956,580.68 14,880,831,394.36/3,705,166,312.27 5,403,977,808.47 | 6,874,239,818.63
July 56,129,916.72 | 833,677,091.80 | 710,484,718.63 | 817,600,875.75 | 560,399,494.26 | 868,559,504.85 |1,017,480,934.61
August 479,573,760.72 | 570,344,440.83 |1,735,239,060.49 | 655,183,390.86 | 376,123,617.33 | 1,310,336,509.02 | 1,114,967,259.57
September | 623,566,818,77 | 722,167,564.89 | 892,131,229.08 | 522,608,456.84 | 649,966,232.26 | 2,143,483,809.59|1,066,462,012.58
October 413,527,234.05|1,004,571,846.17|1,142,726,619.28 | 766,849,951.63 | 608,935,932.41 | 872,898,442.00 |1,137,850,452.96
November |581,998,499.19 |1,242,572,446.31| 630,738,393.87 | 638,618,880.75 | 781,581,370.16 | 786,252,679.34 |1,457,222,205.55
December |427,371,083.49 |1,081,629,394.27| 808,987,486.13 | 431,823,576.28 | 836,285,321.61 |1,161,351,852.36 | 968,395,031.88
Grand Total 4,958,806,727.10/10,500,936,262.88(10,958,263,688.128,713,516,526.47| 7,905,458.80 (12,528,860,605.63[13,363,545,716.78
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4.3 Models Forecasts comparisons

Figure 9 shows the model forecast comparison for the three
models considered in the study. Using forecast accuracy
measure, the ARIMA model was the most stable and it has the
least value of the Mean Square Error (MSE) accuracy
measure. ARIMA model shows a steady trend than the
winters additive and multiplicative methods.

5. Conclusion

In this study, suitable IGR data Improvement forecasts and
model has been identified. This result of monthly and yearly
means plots shows an upward trend, indicating that the
average internally generated revenue is increasing as the years
went. However, the plot of the monthly average has a constant

trend with quarterly decrease and increases after four months
period, which suggests a seasonality of order 4. Therefore, a
suitable ARIMA model was identified and was used to
forecasts. The winters additive and multiplicative methods
were employed in the study; the additive and multiplicative
models forecasts were obtained with their respective
confidence limit (upper and lower). The obtained winters
additive and multiplicative forecast values were compared
with the identified ARIMA model forecasts using forecast
accuracy measures. The ARIMA model forecasts were better
than winter methods: additive and multiplicative methods
forecast for the years 2019-2021 and was thus adopted in the
study.
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