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Abstract 

[bookmark: _GoBack]Providing government of Nigeria with reliable and dependable mathematical model for road safety policy formulation in order to reduce loss of lives and properties along Lokoja-Abuja-Kaduna Express way is the thrust of this research. The World Health Organization (WHO) reported that road traffic accident claims roughly 1.3 million lives annually which make it one of the top causes of death worldwide.  A Grey-Markov model that predicts yearly number of Vehicular accidents occurrence has been developed and implemented on Lokoja-Abuja-Kaduna express way in Nigeria. The data used in the research were collected from the archive of federal Road Safety Corps of Nigeria for a period of ten years (2010-2019). The fitted model recorded excellent performance of  accuracy; this shows that the model is reliable and dependable. Therefore, results from this model could serves as source of information for road safety policy formulation.
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INTRODUCTION

Lokoja-Abuja-Kaduna express way is one of the major roads that connect the southern and northern parts of Nigeria. As a result of high volume of vehicular movements on this road, hundreds of road accidents that mostly result to thousands of human causalities and loss of properties are recorded every year, most of which results in deaths and disabilities (FRSCN, 2020). Due to complex factors associated with road traffic accident, its occurrence is not easily predictable and its impact has over the years affected economic and social activities of the country. This has consequently reduced Gross Domestic Product (GDP) of the country. In view of this, the research aimed at providing some quantitative information to Government of Nigeria for road safety policy formulation in order to mitigate the loss of lives and properties. Nigeria has roughly 195,000 km of surfaced road, making it the country with largest road network in West Africa and the second largest in south of the Sahara, out of which a proportion of about 32,000 km are federal roads while 31,000km are state roads (F.R.S.N, 2020). 
Road traffic crashes have been found to be influenced by many complex factors such as weather, driver factor, over speeding, rear by vehicular density, risk location, driver consciousness, driver fatigue, the nature of the road and so on. Since Road Traffic Crash is generally a random occurrence it is therefore, quite important to select an appropriate forecasting model that will fully capture the behaviour of the system. Grey-Markov stochastic model has been selected for this purpose. 
Successful studies of accident occurrence have been reported in the following works: (Li et.al 2007) has applied Grey-Markov Model in predicting traffic volume in Manjing City, China. They concluded that the model has high accuracy, reliability and precision in the traffic volume prediction. Presented in (Jian-Yi and Ying, 2014) is a modified Grey-Markov Model. The model was used to forecast the mine safety accident deaths from 1990 to 2010 in China and 2001 to 2014 for coal accidents death were predicted accordingly. The result shows that the new model not only discovered the trend of the mine human error accident death toll but also overcomes the random fluctuation of data affecting precision. It was concluded that the model possesses strong engineering application. Reported in (Xiaoxia, et.al, 2018) is a driving risk status prediction algorithm based on Markov Chain. In the study, driving risk states were classified using clustering techniques based on feature variables describing instantaneous risk levels within time windows, where instantaneous risk levels are determined in time-to-collision and time-to-headway two-dimensional plane. Multinomial logistic models with recursive feature variable estimation method were developed to improve the traditional state transition probability estimation, which also takes into account the comprehensive effect of driving behaviour, traffic and road environment factors on the evolution of driving risk status. A “100-car” natural driving data from Virginia technology was employed for the training and validation of the prediction model. The results show that under the 5% false positive rate, the prediction algorithm could have high prediction accuracy for future medium-to-high driving risks and could meet the time line requirement of collision avoidance warning. The algorithm could contribute to timely warning or auxiliary correction to drivers in the approaching-danger state. Successful studies of vehicular accidents occurrence have also been reported in (Bamidele et.al, 2006; John et.al, 2007; Nyothiri et.al, 2018)

METHODOLOGY

The Grey-Markov model consist of GM(1,1) model and Markov chain model. The Grey model deals with an uncertain system of small sample size and poor information involving both known and unknown information.  The goal of Grey prediction is to whitening the system and reveals the unknown. However, in Grey model, problem of poor fitting degree and low prediction accuracy may emerge when the change rate of the original data is too large. The Grey –Markov Model (GMM) is an extension of Grey Model (GM) to further reduce the prediction error. The Grey-Markov Model is made up of two components namely Grey and Markov chain model; Markov chain model can handle a situation where the change rate of the original data is too large. Hence, Markov Chain Model makes it possible to solve the problems mentioned in Grey Model. The Grey-Markov Model was established based on the advantage of both methods which adopt GM(1,1) Model to study development regulation of data sequence and uses Markov Models to study vibrating irregularities of data sequence. In general, the combination of the two models have been found to improve the prediction accuracy (Mao and Sun, 2011). As earlier mentioned we shall begin our prediction with GM(1,1) model  after which we shall improve the prediction accuracy using Grey-Markov model.
The Grey-System Model GM(1,1) 

The raw data series in grey GM(1,1) model is  represented by   and it can also be represented as:

						             (1)
The accumulated generating sequence is given as:

						             (2)


where  			            (3)     									            ( 4)
Equation (4) represents the original form of the GM(1,1) model, it is a difference equation. The symbol GM(1,1) stands for first order Grey Model in one variable.
Equation (4) is also represented as equation (5)

									       (5)




Equation (5) is a differential equation, where  and are parameters to be identified. is called developing coefficient and is grey input.
Equation (6) is the solution of equation (5)

							       (6)
Equation (6) is the time response function while parameters  and  are estimated using Least Square Method as follows:

								                   (7)

Where, 						       (8)

         						       (9)
The reduction value of equation (6) is given below:

				     (10)
Prediction Accuracy Test
To determine the accuracy of our prediction, we shall adopt Mean Absolute Percentage Error (MAPE).
This tool is often used for determining prediction accuracy showing the same characteristics i.e. the smaller the value, the higher the prediction accuracy.

							     (11)
where;

is the Grey Model predicted value.

is the Grey-Model actual value.

is the number of prediction samples.
Lewis (1982) divided the prediction accuracy of models into four grades and the division of prediction accuracy grades is shown in the table 1 below:
Table 1: Classification of Prediction Accuracy
	MAPE
	PREDICTION ACCURACY

	

	High

	

	Good

	

	Feasible

	

	Low




The Grey- Markov Model 
The Grey-Markov Model (GMM) is an extension of Grey Model (GM) to further reduce prediction errors. In Grey model, the problems of poor fitting degree and low prediction accuracy may emerge when the change range of original data is too large. However, these problems can be well resolved by adopting Markov chain which can narrow down the prediction interval and improve the prediction accuracy. Markov stochastic process improves these limitations of Grey model because it reflects the stochastic volatility impact on elements by determining the transfer law of states (Ducan et.al, 1998).
Formulation of Grey-Markov Model




First step in formulating the GMM is to divide the residual errors into  states where each state satisfies the equi-probability principle and is defined as. Next, the construction of the transition matrix is done by determining the probability from state  to state which results in the transition matrix.

							     (12)

							     (13)







Where   stands for the transition from to  in steps and  is the number of state.
Next, the residual error must be confirmed.

Let the interval median in  be residual error forecasting value as follows:

									     (14)
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Hence, the Grey-Markov model is obtained as:

									     (15)

Where, 
Hence:

						                 (16)
RESULTS AND DISCUSSION
Application of Grey System Model for Prediction of Vehicular Accidents along Lokoja-Abuja-Kaduna Expressway
The data used in this research were collected from the archive of Federal Road Safety of Nigeria for the period of ten years (2010-2019).
The summary of the data is presented in table 2 below:
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Table 2: Summary of Number of Vehicular Crashes for Ten Years

	S/N
	Year 
	Number Of Accident Within The Year

	1
	2010
	877

	2
	2011
	806

	3
	2012
	560

	4
	2013
	1170

	5
	2014
	929

	6
	2015
	672

	7
	2016
	654

	8
	2017
	655

	9
	2018
	780

	10
	2019
	701


Using equation (1) and table (2), we obtain equation 17 below

					     (17)
From equation (2) we obtain the accumulated generating sequence as given below:

		                 (18)
Equation (19) below is obtained using equation (7)

										     (19)


Substituting for  andin equation (6), we obtained equation (20) below:

							     (20)

Evaluating equation (20) for we obtained the following values below:

			     (21)
We compute the simulated value using equation (22) below:

									     (22)

					     (23)
Equation (23) is the simulated values from 2010-2019
Table 3: Comparison of Actual and Grey simulated Value for Vehicular Accident along Lokoja-Abuja-Kaduna Express Way from Year 2010-2019.
	S/N
	YEAR OF CRASH
	ACTUAL NUMBER OF CRASH
	GREY MODEL SIMULATED VALUES
	RESIDUAL ERROR
	RELATIVE ERROR (%)

	1
	2010
	877
	877
	0
	0

	2
	2011
	806
	841
	-35
	-4.3

	3
	2012
	560
	821
	-261
	-46.6

	4
	2013
	1170
	804
	366
	31.3

	5
	2014
	929
	786
	143
	15.4

	6
	2015
	672
	768
	-96
	-14.3

	7
	2016
	654
	752
	-98
	-14.1

	8
	2017
	655
	734
	-79
	-12.1

	9
	2018
	780
	719
	61
	7.8

	10
	2019
	701
	703
	-2
	-0.3


Using equation (11), we observed from table (3) that:




The figure 85.97% indicates that the prediction accuracy is good; however, this prediction accuracy level can be improved using Grey-Markov Model.

Application of Grey-Markov Model for Prediction of Vehicular Accident along Lokoja-Abuja-Kaduna Express Way


The prediction accuracy of the GM(1,1) can be improved by applying the Grey-Markov model. We begin by finding error state of each year. To achieve this, the error is partitioned into states. Due to the small sample size in this study, the error can be divided into three states respectively, using as shown in table 4:
Table 4: Error Partition
	State
	

	

	


	Error Range
	

	

	



From Table (4), we obtained the error states in Table (5)
Table 5: State Division for Actual Vehicular Accident along Lokoja-Abuja-Kaduna Express Way.
	S/N
	Year Of Crash
	Actual Number Of Crash Within The Year
	Grey Model Simulated Values
	RELATIVE ERROR (%)
	States

	1
	2010
	877
	877
	0
	


	2
	2011
	806
	841
	-4.3
	


	3
	2012
	560
	821
	-46.6
	


	4
	2013
	1170
	804
	31.3
	


	5
	2014
	929
	786
	15.4
	


	6
	2015
	672
	768
	-14.3
	


	7
	2016
	654
	752
	-14.1
	


	8
	2017
	655
	734
	-12.1
	


	9
	2018
	780
	719
	7.8
	


	10
	2019
	701
	703
	-0.3
	



From Table (5), we construct transition Count Matrix as contained in equation (24) 

										     (24)
 From equation (24), we construct transition probability matrix using equation (12)

									     (25)




The two steps, three steps and four steps transition probability matrix is calculated using equation (13), hence we have them respectively:

								     (26)

								     (27)

								     (28)

Evaluating equation (16) for    



























We obtained the Grey-Markov Simulated Values presented in Table (6)

Table 6: Comparison of Actual and Grey-Markov Simulated Value for Vehicular Accidents along Lokoja-Abuja-Kaduna Expressway for the Period of 2010-2019.
	S/N
	Year Of Accidents
	Actual Number Of Accidents Within The Year
	Grey-Markov Model Simulated Values
	Residual Error
	Relative Error (%)

	1
	2010
	877
	810
	67
	7.64

	2
	2011
	806
	777
	29
	3.60

	3
	2012
	560
	545
	15
	2.68

	4
	2013
	1170
	951
	219
	18.72

	5
	2014
	929
	930
	-1
	-0.11

	6
	2015
	672
	709
	-37
	-5.51

	7
	2016
	654
	695
	-41
	-6.27

	8
	2017
	655
	678
	-23
	-3.51

	9
	2018
	780
	851
	-71
	-9.10

	10
	2019
	701
	649
	52
	7.42


Using equation (11), we observed from Table (6) that,





. This implies that, the prediction accuracy has been improved from to 
The figure 93.544% indicates a high accuracy level.
Table 7: Comparison of Actual Value, Grey Model and Grey-Markov Model Simulated Values for Road Accident along Lokoja-Abuja-Kaduna Express high way
	S/N
	Year Of Accidents
	Actual Number Of Accidents Within The Year
	Grey- Model Simulated Values
	Grey-Markov Model Simulated Values

	1
	2010
	877
	877
	810

	2
	2011
	806
	841
	777

	3
	2012
	560
	821
	545

	4
	2013
	1170
	804
	951

	5
	2014
	929
	786
	930

	6
	2015
	672
	768
	709

	7
	2016
	654
	752
	695

	8
	2017
	655
	734
	678

	9
	2018
	780
	719
	851

	10
	2019
	701
	703
	649




Figure 1: Comparison of Actual Value, Grey Model and Grey-Markov Model Simulated Values for Vehicular Accidents along Lokoja-Abuja-Kaduna Express way.

Grey Forecasting for Vehicular Accidents from Year 2020-2023

Evaluating equation (20) for
The predicted values are computed using equation (22) and the results are presented in table 8.
Table 8: Grey-Model Predicted Values from Year 2020-2023
	Year Of Accidents
	Grey  Model Prediction Value

	2020
	672

	2021
	657

	2022
	642

	2023
	629



 Grey-Markov Model Prediction from 2020-2023
To achieve this, we obtained the error state for year 2020 to 2023 by using equations (25) to (27) and the information in table (5) after which we use equation (16) and the error states to make prediction from 2020 to 2023. The results are presented in table 9.
Table 9: Grey-Markov Model prediction value from 2020-2023. 
	Year Of Crash
	Grey- Markov Prediction Value

	2020
	621

	2021
	607

	2022
	593

	2023
	581



Table 10: Comparison of Grey and Grey-Markov Model predicted values from year 2020-2-23.
	Year Of Crash
	Grey- Model Prediction Values
	Grey-Markov Model Prediction Values

	2020
	672
	621

	2021
	657
	607

	2022
	642
	593

	2023
	629
	581




 Conclusion

The G,M(1,1) system model has been used to simulate the number of vehicular accidents along Lokoja-Abuja-Kaduna express way. After which a Grey-Markov model was used to improve the accuracy of the simulated values. The performance of the Grey-Markov model was impressive as it recorded  accuracy when fitted. This shows that the model is reliable and dependable; therefore the prediction made for the future years should be adopted by Nigeria government as source of information for road safety policy formulation on the express way.
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