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ABSTRACT

This study applies the Buys-Ballot procedure to decompose and analyze the monthly turnaround time of vessels at Tincan Island Port, Lagos, Nigeria, covering the period from 2015 to 2024. The primary objective is to identify the appropriate time series model—additive, multiplicative, or mixed that best represents the data structure and seasonal behavior of vessel turnaround operations at the port. Monthly data comprising 120 observations were arranged into a Buys-Ballot table, and both graphical and statistical analyses were conducted to estimate trend parameters and seasonal indices. The Levene’s test of equality of variances was employed to determine the correct decomposition model. Results indicated that the computed Levene’s test statistic (0.264) was less than the critical value (1.91) at the 5% level of significance, leading to the acceptance of the null hypothesis of equal variances. Consequently, the transformed data admit an additive model. The study concludes that the Buys-Ballot procedure is a simple and effective method for identifying suitable models in descriptive time series analysis.
 Keywords: Buys-Ballot, Model identification, Additive Model, Seasonal Indices, Port Terminal, Seasonal effects. 

1. INTRODUCTION:
Time Series Analysis is a statistical technique used to study data points collected or recorded over successive time periods, often referred to as time series data. Such data represent observations arranged in chronological order, typically at equal intervals (e.g., yearly, quarterly, monthly, weekly, or daily).
A time series is essentially a sequence of values indexed by time, allowing researchers to identify trends, patterns, and other dynamics that evolve over time. Any variable that changes with time can be studied through time series analysis.
For example, in finance, time series are frequently used to monitor the price movement of securities. This can involve short-term tracking, such as recording hourly price fluctuations during a business day, or long-term monitoring, such as examining closing prices at the end of each month over several years.
Thus, time series analysis can be useful to see how a given asset, security, or economic variable changes over time. It can also be used to examine how the changes associated with the chosen data point compare to shifts in other variables over the same time period. Also, the analysis of time series data constitutes an important area of statistics especially in identifying the nature of the phenomenon represented by the sequence. 
Maritime transportation remains the lifeline of international commerce, ensuring the flow of raw materials, manufactured goods, and passengers across the globe. Despite challenges such as environmental concerns and security risks, advancements in technology and sustainability efforts are reshaping the sector, making it more efficient, safe, and environmentally friendly. Also, one of the greatest problems in descriptive time series analysis is choice of appropriate model for decomposition of any study series. That is, when to choose any of the additive, multiplicative or mixed model is not known. It is certain that the wrong use of a model will bring unreliable estimate of the component. Model identification ensures you select the right type of model for your data, while model evaluation ensures the chosen model is adequate and reliable. Both are critical steps in time series analysis to achieve valid forecasts and informed decision-making.





In time series, it is assumed that the data consist of observations made sequentially in time; a systematic pattern (usually a set of identifiable components) and random noise (error). The systematic pattern includes the trend (denoted as ), seasonal (denoted as ) and the cyclical (denoted as ) components. The random noise (or error, irregular component) is denoted as or , where t stands for the particular point in time. These four classes of time series components may or may not coexist in real-life data. These components can adopt different specific functional relationship. They can be combined in an additive (additive seasonality) or a multiplicative (multiplicative seasonality) fashion and can as well take other forms such as pseudo-additive/mixed (combining the elements of both the additive and multiplicative models) model.
The Additive model, Multiplicative model and Pseudo-Additive/Mixed Model are given in Equations (1.1) - (1.3) respectively:



2. METHODOLOGY:    Buys-Ballot Procedure for Time Series Decomposition
Iwueze and Nwogu (2014) observed that the rows (periods) and column (seasons), with m and s representing the number of periods/years and seasons/columns respectively. This two-dimensional arrangement of a series is referred as the Buys-Ballot table. They stated the row and column totals, averages and standard deviations as follows:
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Where, 

 is the observed value of the series
m is the number of periods/years

 is the periodicity 

 is the total number of observations/sample size. 

Table 1	Buys-Ballot Table for Seasonal Time Series
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	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	2015
	3.83
	3.99
	4.29
	4.49
	5.54
	4.21
	4.01
	4.11
	4.35
	3.95
	3.64
	3.16

	2016
	3.29
	3.86
	3.37
	3.49
	3.96
	3.22
	3.50
	3.45
	3.45
	4.19
	3.17
	3.17

	2017
	3.49
	3.12
	3.51
	3.40
	3.10
	3.09
	3.15
	3.74
	3.92
	3.73
	4.01
	3.90

	2018
	6.0
	5.01
	3.96
	3.96
	4.03
	4.32
	5.21
	3.27
	5.32
	5.01
	4.98
	5.00

	2019
	5.39
	5.32
	5.05
	6.09
	5.32
	4.98
	3.21
	4.93
	4.41
	5.05
	5.06
	4.99

	2020
	4.39
	4.59
	4.36
	4.80
	4.31
	3.98
	4.32
	4.41
	3.45
	4.32
	4.30
	4.31

	2021
	4.30
	3.92
	3.94
	5.50
	7.20
	6.14
	6.52
	6.63
	6.02
	6.24
	6.21
	6.00

	2022
	5.49
	5.05
	5.49
	4.92
	4.31
	5.50
	5.32
	5.41
	5.32
	5.33
	4.93
	4.90

	2023
	6.01
	6.32
	6.32
	6.00
	6.21
	6.32
	5.93
	5.32
	5.30
	5.32
	5.40
	5.42

	2024
	5.01
	5.37
	5.60
	5.42
	5.50
	5.32
	5.00
	5.50
	6.50
	7.50
	4.45
	4.95


Table 2:  Vessels Turn-around Time @Tincan Island Port, Lagos, June 2015 – 2024

3. REAL LIFE EXAMPLE:
This paper utilized a real life data on monthly data on monthly turn around time of vessels collected from Tincan Island Port, La, Imo State, Nigeria for the period 2015 to 2024 shown in table 2 above. A total series of  120 observations were collected and  arranged in a Buys-Ballot table as monthly data (s = 12) and for 10years (m = 10). Time plots for the original and transformed series were obtained as well as the expression of linear trend and seasonal indices. [image: ]Fig.1: Time Series Plot of the Actual Series on the Vessels Turn-around Time @Tincan Island Port, Lagos, June 2015 – 2024
[image: ]
Fig. 2: Time Series Plot of the Transformed Series on the Vessels Turn-around Time @Tincan Island Port, Lagos, June 2015 – 2024


4.  ESTIMATION OF TREND PARAMETERS AND SEASONAL INDICES 
To access the trend of the entire series, the plot of the transformed period/row means is considered. The expression of the quadratic trend is given by

									        (3.1)
Where

							        (3.2)

									        (3.3)

										                  (3.4)


5   ESTIMATION OF SEASONAL INDICES
Iwueze and Nwogu(2014) gave the estimation of the seasonal indices for an additive model when trend-cycle component is quadratic as;
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Where,

				(4.2)
Hence,


Using (3.1))


Where,











and




Table 3: Seasonal Indices of the Transformed Data 
	

	

	

	


	1
	0.558
	-0.0139
	-0.0055

	2
	0.561
	-0.0099
	-0.0015

	3
	0.564
	-0.0059
	0.0024

	4
	0.554
	-0.0149
	-0.0066

	5
	0.55
	-0.0179
	-0.0096

	6
	0.561
	-0.0060
	0.0024

	7
	0.565
	-0.0010
	0.0073

	8
	0.561
	-0.0040
	0.0043

	9
	0.555
	-0.0091
	-0.0007

	10
	0.543
	-0.0201
	-0.0118

	11
	0.562
	-0.0002
	0.0082

	12
	0.564
	0.0028
	0.0111

	

	
	-0.1001
	0.0000













Table 4: Transformed Data on the Vessels Turn-around Time @Tincan Island Port, Lagos, June 2015 – 2024
	
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC

	2015
	0.598
	0.589
	0.572
	0.563
	0.519
	0.577
	0.587
	0.582
	0.569
	0.591
	0.610
	0.644

	2016
	0.634
	0.596
	0.628
	0.620
	0.590
	0.639
	0.619
	0.622
	0.622
	0.578
	0.643
	0.643

	2017
	0.620
	0.647
	0.618
	0.626
	0.648
	0.649
	0.644
	0.603
	0.593
	0.604
	0.587
	0.594

	2018
	0.503
	0.539
	0.590
	0.590
	0.586
	0.571
	0.531
	0.635
	0.527
	0.539
	0.541
	0.540

	2019
	0.525
	0.527
	0.538
	0.501
	0.527
	0.541
	0.640
	0.543
	0.566
	0.538
	0.537
	0.540

	2020
	0.567
	0.558
	0.569
	0.548
	0.571
	0.589
	0.571
	0.566
	0.622
	0.571
	0.572
	0.571

	2021
	0.572
	0.593
	0.591
	0.521
	0.470
	0.499
	0.488
	0.485
	0.503
	0.496
	0.497
	0.503

	2022
	0.521
	0.538
	0.521
	0.543
	0.571
	0.521
	0.527
	0.524
	0.527
	0.527
	0.543
	0.544

	2023
	0.503
	0.494
	0.494
	0.503
	0.497
	0.494
	0.506
	0.527
	0.528
	0.527
	0.524
	0.523

	2024
	0.539
	0.525
	0.517
	0.523
	0.521
	0.527
	0.540
	0.521
	0.488
	0.462
	0.565
	0.542



TABLE 5:  Buys Ballot table of the Transformed Data on the Vessels Turn-around Time @Tincan Island Port, Lagos, June 2015 – 2024

	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	Jun.
	Jul.
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	total
	

	


	2015
	0.598
	0.589
	0.572
	0.563
	0.519
	0.577
	0.587
	0.582
	0.569
	0.591
	0.610
	0.644
	7.000
	0.583
	0.029

	2016
	0.634
	0.596
	0.628
	0.620
	0.590
	0.639
	0.619
	0.622
	0.622
	0.578
	0.643
	0.643
	7.434
	0.619
	0.021

	2017
	0.620
	0.647
	0.618
	0.626
	0.648
	0.649
	0.644
	0.603
	0.593
	0.604
	0.587
	0.594
	7.434
	0.619
	0.023

	2018
	0.503
	0.539
	0.590
	0.590
	0.586
	0.571
	0.531
	0.635
	0.527
	0.539
	0.541
	0.540
	6.695
	0.558
	0.037

	2019
	0.525
	0.527
	0.538
	0.501
	0.527
	0.541
	0.640
	0.543
	0.566
	0.538
	0.537
	0.540
	6.523
	0.544
	0.034

	2020
	0.567
	0.558
	0.569
	0.548
	0.571
	0.589
	0.571
	0.566
	0.622
	0.571
	0.572
	0.571
	6.877
	0.573
	0.018

	2021
	0.572
	0.593
	0.591
	0.521
	0.470
	0.499
	0.488
	0.485
	0.503
	0.496
	0.497
	0.503
	6.217
	0.518
	0.043

	2022
	0.521
	0.538
	0.521
	0.543
	0.571
	0.521
	0.527
	0.524
	0.527
	0.527
	0.543
	0.544
	6.407
	0.534
	0.015

	2023
	0.503
	0.494
	0.494
	0.503
	0.497
	0.494
	0.506
	0.527
	0.528
	0.527
	0.524
	0.523
	6.120
	0.510
	0.015

	2024
	0.539
	0.525
	0.517
	0.523
	0.521
	0.527
	0.540
	0.521
	0.488
	0.462
	0.565
	0.542
	6.270
	0.523
	0.026

	Total
	5.582
	5.605
	5.639
	5.538
	5.501
	5.606
	5.653
	5.608
	5.547
	5.433
	5.618
	5.645
	66.976
	
	

	

	0.558
	0.561
	0.564
	0.554
	0.550
	0.561
	0.565
	0.561
	0.555
	0.543
	0.562
	0.564
	
	0.558
	

	

	0.047
	0.045
	0.045
	0.045
	0.053
	0.054
	0.056
	0.049
	0.047
	0.044
	0.043
	0.048
	
	
	0.046



6. TEST FOR APPROPRIATE MODEL FOR THE TRANSFORMED DATA
STATING THE HYPOTHESIS




THE LEVEL OF SIGNIFICANCE
 = 0.05


Table 6 Buys Ballot table of the Transformed  data 
	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	Jun.
	Jul.
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	total
	

	


	2015
	0.598
	0.589
	0.572
	0.563
	0.519
	0.577
	0.587
	0.582
	0.569
	0.591
	0.610
	0.644
	7.000
	0.583
	0.029

	2016
	0.634
	0.596
	0.628
	0.620
	0.590
	0.639
	0.619
	0.622
	0.622
	0.578
	0.643
	0.643
	7.434
	0.619
	0.021

	2017
	0.620
	0.647
	0.618
	0.626
	0.648
	0.649
	0.644
	0.603
	0.593
	0.604
	0.587
	0.594
	7.434
	0.619
	0.023

	2018
	0.503
	0.539
	0.590
	0.590
	0.586
	0.571
	0.531
	0.635
	0.527
	0.539
	0.541
	0.540
	6.695
	0.558
	0.037

	2019
	0.525
	0.527
	0.538
	0.501
	0.527
	0.541
	0.640
	0.543
	0.566
	0.538
	0.537
	0.540
	6.523
	0.544
	0.034

	2020
	0.567
	0.558
	0.569
	0.548
	0.571
	0.589
	0.571
	0.566
	0.622
	0.571
	0.572
	0.571
	6.877
	0.573
	0.018

	2021
	0.572
	0.593
	0.591
	0.521
	0.470
	0.499
	0.488
	0.485
	0.503
	0.496
	0.497
	0.503
	6.217
	0.518
	0.043

	2022
	0.521
	0.538
	0.521
	0.543
	0.571
	0.521
	0.527
	0.524
	0.527
	0.527
	0.543
	0.544
	6.407
	0.534
	0.015

	2023
	0.503
	0.494
	0.494
	0.503
	0.497
	0.494
	0.506
	0.527
	0.528
	0.527
	0.524
	0.523
	6.120
	0.510
	0.015

	2024
	0.539
	0.525
	0.517
	0.523
	0.521
	0.527
	0.540
	0.521
	0.488
	0.462
	0.565
	0.542
	6.270
	0.523
	0.026

	Total
	5.582
	5.605
	5.639
	5.538
	5.501
	5.606
	5.653
	5.608
	5.547
	5.433
	5.618
	5.645
	66.976
	
	

	

	0.558
	0.561
	0.564
	0.554
	0.550
	0.561
	0.565
	0.561
	0.555
	0.543
	0.562
	0.564
	
	0.558
	

	

	0.047
	0.045
	0.045
	0.045
	0.053
	0.054
	0.056
	0.049
	0.047
	0.044
	0.043
	0.048
	
	
	0.046




Table 7: Calculation of the values of the measured variable of the Levene’s test statistic; 
	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	Jun.
	Jul.
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	total
	

	


	2015
	0.04
	0.028
	0.008
	0.009
	0.031
	0.016
	0.022
	0.021
	0.014
	0.048
	0.048
	0.08
	0.365
	0.030
	0.021

	2016
	0.076
	0.035
	0.064
	0.066
	0.04
	0.078
	0.054
	0.061
	0.067
	0.035
	0.081
	0.079
	0.736
	0.061
	0.017

	2017
	0.062
	0.086
	0.054
	0.072
	0.098
	0.088
	0.079
	0.042
	0.038
	0.061
	0.025
	0.03
	0.735
	0.061
	0.024

	2018
	0.055
	0.022
	0.026
	0.036
	0.036
	0.01
	0.034
	0.074
	0.028
	0.004
	0.021
	0.024
	0.370
	0.031
	0.019

	2019
	0.033
	0.034
	0.026
	0.053
	0.023
	0.02
	0.075
	0.018
	0.011
	0.005
	0.025
	0.024
	0.347
	0.029
	0.019

	2020
	0.009
	0.003
	0.005
	0.006
	0.021
	0.028
	0.006
	0.005
	0.067
	0.028
	0.01
	0.007
	0.195
	0.016
	0.018

	2021
	0.014
	0.032
	0.027
	0.033
	0.08
	0.062
	0.077
	0.076
	0.052
	0.047
	0.065
	0.061
	0.626
	0.052
	0.022

	2022
	0.037
	0.023
	0.043
	0.011
	0.021
	0.04
	0.038
	0.037
	0.028
	0.016
	0.019
	0.02
	0.333
	0.028
	0.011

	2023
	0.055
	0.067
	0.07
	0.051
	0.053
	0.067
	0.059
	0.034
	0.027
	0.016
	0.038
	0.041
	0.578
	0.048
	0.017

	2024
	0.019
	0.036
	0.047
	0.031
	0.029
	0.034
	0.025
	0.04
	0.067
	0.081
	0.003
	0.022
	0.434
	0.036
	0.021

	Total
	0.400
	0.366
	0.370
	0.368
	0.432
	0.443
	0.469
	0.408
	0.399
	0.341
	0.335
	0.388
	4.719
	
	

	

	0.040
	0.037
	0.037
	0.037
	0.043
	0.044
	0.047
	0.041
	0.040
	0.034
	0.034
	0.039
	
	0.039
	

	

	0.022
	0.024
	0.022
	0.024
	0.026
	0.028
	0.026
	0.024
	0.022
	0.025
	0.025
	0.026
	
	
	0.024



Table 8: Calculation of the squared deviation of the seasonal points from the seasonal mean
	


	
	Jan.
	Feb.
	Mar.
	Apr.
	May
	Jun.
	Jul.
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.
	total

	2015
	0.0000
	0.0001
	0.0008
	0.0008
	0.0001
	0.0008
	0.0006
	0.0004
	0.0007
	0.0002
	0.0002
	0.0017
	0.0064

	2016
	0.0013
	0.0000
	0.0007
	0.0009
	0.0000
	0.0011
	0.0001
	0.0004
	0.0007
	0.0000
	0.0023
	0.0016
	0.0091

	2017
	0.0005
	0.0024
	0.0003
	0.0012
	0.0030
	0.0019
	0.0010
	0.0000
	0.0000
	0.0007
	0.0001
	0.0001
	0.0113

	2018
	0.0002
	0.0002
	0.0001
	0.0000
	0.0001
	0.0012
	0.0002
	0.0011
	0.0001
	0.0009
	0.0002
	0.0002
	0.0045

	2019
	0.0000
	0.0000
	0.0001
	0.0003
	0.0004
	0.0006
	0.0008
	0.0005
	0.0008
	0.0008
	0.0001
	0.0002
	0.0047

	2020
	0.0010
	0.0011
	0.0010
	0.0009
	0.0005
	0.0003
	0.0017
	0.0013
	0.0007
	0.0000
	0.0006
	0.0010
	0.0101

	2021
	0.0007
	0.0000
	0.0001
	0.0000
	0.0014
	0.0003
	0.0009
	0.0012
	0.0001
	0.0002
	0.0010
	0.0005
	0.0064

	2022
	0.0000
	0.0002
	0.0000
	0.0007
	0.0005
	0.0000
	0.0001
	0.0000
	0.0001
	0.0003
	0.0002
	0.0004
	0.0025

	2023
	0.0002
	0.0009
	0.0011
	0.0002
	0.0001
	0.0005
	0.0001
	0.0000
	0.0002
	0.0003
	0.0000
	0.0000
	0.0038

	2024
	0.0004
	0.0000
	0.0001
	0.0000
	0.0002
	0.0001
	0.0005
	0.0000
	0.0007
	0.0022
	0.0009
	0.0003
	0.0055

	Total
	0.0044
	0.0050
	0.0045
	0.0050
	0.0063
	0.0068
	0.0059
	0.0050
	0.0043
	0.0057
	0.0055
	0.0060
	0.0643




Calculation of 
Where m = 10 
	

	

	

	

	


	0.04
	0.039
	0.001000
	0.000001
	0.000010

	0.037
	0.039
	-0.002000
	0.000004
	0.000040

	0.037
	0.039
	-0.002000
	0.000004
	0.000040

	0.037
	0.039
	-0.002000
	0.000004
	0.000040

	0.043
	0.039
	0.004000
	0.000016
	0.000160

	0.044
	0.039
	0.005000
	0.000025
	0.000250

	0.047
	0.039
	0.008000
	0.000064
	0.000640

	0.041
	0.039
	0.002000
	0.000004
	0.000040

	0.04
	0.039
	0.001000
	0.000001
	0.000010

	0.034
	0.039
	-0.005000
	0.000025
	0.000250

	0.034
	0.039
	-0.005000
	0.000025
	0.000250

	0.039
	0.039
	0.000000
	0.000000
	0.000000

	
	
	
	
	0.001730



7. THE LEVENE’S TEST




The critical value is 



Conclusion
Since 0.264 < 1.91  ,  H0 is not rejected. Hence the variances are equal. The transformed data admits additive model.


8. SUMMARY AND CONCLUSION:
This study has demonstrated the usefulness of the Buys-Ballot procedure in identifying the appropriate time series model for analyzing vessel turnaround time at Tincan Island Port, Lagos, over the period 2015–2024. By organizing the monthly data into a Buys-Ballot table and applying both graphical and statistical analyses, the study effectively decomposed the series into its fundamental components—trend, seasonal, and irregular variations. The application of Levene’s test of equality of variances revealed no significant difference among the seasonal variances, as the computed test statistic (0.264) was less than the critical value (1.91) at the 5% level of significance. This result confirms that the additive model is most suitable for describing the behavior of the time series data.
The findings indicate that the observed variations in vessel turnaround time are influenced by consistent seasonal effects and a gradually changing trend rather than by proportional or multiplicative fluctuations. This suggests a relatively stable operational pattern at the port, with identifiable seasonal peaks and troughs that can be modeled additively. The study therefore validates the Buys-Ballot procedure as a reliable and straightforward approach for preliminary model identification in descriptive time series analysis.
Overall, the adoption of the additive model provides a sound basis for further forecasting, operational planning, and policy decision-making aimed at improving port efficiency. Accurate modeling of turnaround time will enable port authorities to anticipate congestion periods, allocate resources effectively, and enhance service delivery in Nigeria’s maritime sector.
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