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RISK OF ROAD ACCIDENT IN PERSPECTIVE TO DIFFERENT MODES: A CASE STUDY OF KHULNA CITY[footnoteRef:1]
ABSTRACT
Fatality and injury by road accidents are recognized as a global phenomenon. Use of more and different motorized vehicles, Bangladesh and Khulna city is facing a greater number of fatalities and injuries. Among all locations, the metropolitan city is one of the riskiest places for road accidents for higher population density. Road accident in Khulna city is a big issue, and it is increasing day by day. So, the factors affecting road accidents by different modes and the relationship between different modes and accident rate in Khulna city is important to analyze for reducing the impact of road accidents. To do this, the factors affecting road accidents are studied first. Multinomial logistic regression is selected and is applied for predicting the risk to 266 accident data from 2010 to 2019, collected from the Traffic Branch of Deputy Police Commissioner of Khulna Metropolitan Police. The response variable for this study is different modes. The research findings suggest that number of injury, number of fatality, velocity of vehicle, accident time, collision type, and accident type are the factors affecting road accidents from perspective to different modes. This study also finds that truck, motorcycle, bus, pickup and private car are categorized from lowest to highest risk. This study and the recommendations will assist to create and implement the road traffic policy and safety measures in the future.
KEYWORDS: Accident Risk, Road Accident, Different Modes, Multinomial Logistic Regression, Khulna City.
1. INTRODUCTION
Road and traffic collisions or accidents are very complicated problems all over the world because of their financial and health-related issues. The global widespread fatalities and disabilities of road accidents very concern questions and are gradually being recognized as a major public health concern. Over 1.2 million people die each year on the world’s roads, and between 20 and 50 million suffer non-fatal injuries (WHO 2015). As claimed by Rezaur (2005), about 70% of road traffic deaths occurred in developing countries; among them, pedestrians were involved 65% and among pedestrians, 35% of death were children pedestrian. Each year about 15 million to 20 million people suffer severe injuries (Rezaur, 2005). An observational epidemiological study was undertaken by the World Health Organization, Harvard University, and World Bank, evidenced that the world’s ninth biggest cause of death during 1990 was traffic accidents (WHO, 2015). Nowadays, road accidents are one of the major causes of death or fatality in the world with over 1.4 million people perishing on roads in 2016 and 74% of these are male fatalities (Benlagha & Charfeddine, 2019). As per WHO (2015), 90% of the global road traffic deaths are concentrated in low-income and middle-income countries, and low-income and middle-income countries have higher road traffic fatality rates which are 21.5 and 19.5 per 100000 population, respectively than high-income countries which are 10.3 per 100000 population. The Asia-Pacific region is contributing to nearly 60% of death of only half of the world's registered motorized vehicles (Chen, Wang, Wu, Chen, & Zegras, 2017). In the south-east Asia region traffic, injury, and the fatality rate is 16.6 per 100,000 population and pedestrians have a 90% chance of surviving a car crash at or below 30 km/h but at 40 km/h or above this speed limit there remains a 50% chance of surviving the affects of crash (WHO, 2015). In Japan, the number of road traffic accidents was 573,842 in 2014; among them 19,204 accidents were single-vehicle accidents, accounting for around 3.3% of the total (Nakai & Usui, 2017). Another 96.7% of accidents occurred for modes other than single vehicles (Nakai & Usui, 2017). In India, 2 million people have a disability that results from a road traffic crash (WHO, 2015).
In Bangladesh, the number of registered motor vehicles on road increased about 210% in 17 years period and approximately 75% of passengers and 65% of freight movement are taking place on the road system (Haque & Mahmud 2009). In 2003, the number of road accidents was 4,114 and the number of deaths was 3,334, where 3,740 people were injured (Maniruzzaman & Mitra, 2005). Bangladesh has one of the highest fatality rates in road accidents, with over 100 deaths per 10,000 motor vehicles (Haque & Mahmud, 2009). In urban areas, pedestrians are involved about 60% of road fatalities, while rural pedestrians are accounted for about 40% of total road traffic accidents (Hoque, 1991). Dhaka, Chittagong, Khulna, and Rajshahi are accounting for about 20% of road accidents (Hoque, 1991). Khulna, the 3rd largest city in the southwestern part of Bangladesh, and is the industrial and divisional city of Bangladesh (Rezaur, 2005; Sahriar, Hossain, Zarin, & Sarkar, 2020). The land size of the Khulna City area is 45.65 km2 having a population of 1.5 million and population density is 26,287 per km2 and the road network is about 1,231 km (Rezaur, 2005; Sahriar et al., 2020). Khulna has 1,215 roads among them 158 km metalled road, 67 km semi-metalled road, 18 km nonmetallic road (Statistics, 2013). In Khulna city, rickshaws, and other non-motorized transport account for 60% or more of the overall traffic flow (Rezaur, 2005). In Khulna city, the total number of vehicles on the road is over 20,990 and among them 63.6% are non-motorized and 36.4% are motorized vehicles with an average annual growth rate of 15% for motorized vehicles (Uddin & Sen, 2004). This study tries to identify and analyze the indicators that affecting the road traffic accident events from perspective to different vehicles and predicting the relationship between road accident rate and different vehicles in Khulna city, through using a mathematical modeling approach.
2. LITERATURE REVIEW
Li (2013) introduced three types of factors, including traffic characteristics, road network and infrastructure, and demographic and environmental characteristics. Jahan (2019) also has introduced three categories of factors; road and environment factor, vehicle factor, and human error. Zhang, Yau, and Chen (2013) identified that there is a connection between severe accidents and traffic violence. They also found that gender (male, female, or others), age of the drivers, vehicles condition, inappropriate safety status, overload, bad visibility, insufficient street lighting, weekends, passenger vehicles, experiences of drivers, morning rush hour, and bad weather etcetera are main variables for road traffic casualties (Zhang et al., 2013; Jahan, 2019).
A common assumption about how traffic interventions act on road accidents is that the high speed of vehicles, free flow, and low density are associated with more severe accidents (Li, 2013). Garder (2004) found that 21 of the fatal crashes happened when the speed limit was 40 km/h or lower; the speed of the vehicle was 48 km/h in 7 cases, 56 km/h in 21 cases, 64 km/h in 3 cases, 72 km/h in 16 cases, 80 km/h in 6 cases and 88 km/h in 6 cases. Speed plays a vital role in road traffic accidents in perspective to visual appearance because with an increase of speed the visual appearance of drivers decreases and for that road traffic accidents happen with vehicular speed (Garder, 2004). Martin (2002) showed that in French interurban motorways, road traffic accident rates were highest in light traffic, and when hourly traffic on highways was light, the accident risk was also greater. Golob, Recker, and Alvarez (2004) showed that traffic volume had more influence on accident severity than speed. Three major vehicle types, known as passenger vehicles, goods vehicles, and motorcycles, are important in analyzing the risk of road traffic accidents (Zhang et al., 2013).
Factors such as population, employment, age, and gender reflect the social structure and economic activities of an area with a connection to the affects on accidents (Li, 2013). There are eight environmental factors like street-light condition, weather, visibility level, whether the accident occurred on a weekend, whether it was a public holiday, time of day, season, and year of the accident (Zhang et al., 2013). Zhang et al. (2013) stated time of day into six categories according to working time pattern and peoples’ lifestyle in China: 00:00-06:59 (midnight to dawn), 07:00-08:59 (morning rush hours), 09:00-11:59 (morning working hours), 12:00-16:59 (afternoon working hours), 17:00-19:59 (afternoon rushing hours), and 20:00-23:59 (nighttime); and seasons were found to define, as spring (March to May), summer (June to September), autumn (October to November) and winter (December to February). In different seasons and different environmental perspectives, the risk of road traffic accidents differs (Zhang et al., 2013). Wang, Liu, Ma, Zhang, & Cong (2019) found that in China nearly 60% of an increment of motorized vehicles was occurred and also increasing day by day. Wang et al. (2019) found five types of road traffic accident types for motorized vehicles in their research, (1) expressway, (2) rear-end collision, (3) direction separated roads, (4) midnight to dawn, and (5) speeding. 
The age of the vehicle at fault, involvement of two-vehicle, aged vehicle in an accident, condition of tools of the vehicle, vehicle license are also indicators of occurring road accidents (Malyshkina & Mannering, 2010; Jahan, 2019). Motorized vehicles are risky than other vehicular modes, for example, motorcycles and their smaller size allows more mobility, especially in congested areas, which makes more risk for road traffic accidents (Nguyen, Hanaoka, & Kawasaki, 2014; Moeinaddini, Asadi-Shekari, Sultan, & Shah 2015). Pedestrians are also considered a transport mode (Hı́jar, 2000). The risk of accident severity of non-motorized vehicles is directly or sometimes connected with motorized vehicles and also with different road traffic accident factors (Hı́jar, 2000). From 2008 to 2012 in Japan, the injuries or deaths of pedestrians and cyclists are significant (Hı́jar, 2000). Hı́jar (2000) found the pedestrian accidents in the crosswalk but at the intersection, like in zebra crossing the pedestrian accidents, were also seen though there were signals.
Regression analysis or models are used models for analyzing risk, impact, prediction, or probability. Regression is used to predict response variables considering independent variables. When we are looking forward to modeling accidental risk, impact, or severity, logit regression models have been seen to use through considering discrete qualitative variables (Jahan, 2019). The use and application in different accident analysis of logistic regression models are given there, who use logit regression for analyzing risk and severity of road traffic accident. Among different regression, logistic regression applies to accident-related data to examine contribution of several variables to accident severity (Al-Ghamidi, 2002). Al-Ghamidi (2002) used logistic regression to estimate accident severity and the influence of accident factors. As his response variable was binary, he selected the logistic regression model. He showed that logistic regression could be a promising tool for predicting probability, which could be used for future safety improvements or in policymaking as well. Champahom et al. (2020) also used the logistic regression model where the probable outcome was to predict the reason behind rear-end crashes through explanatory variables.
However, when the response variable are two categories, the binary or binomial logit model was used by Al-Ghamidi (2002). He found interaction and confounding effects to be statistically significant and had given a top priority to accident-related research through quantifying the relationship between driver characteristics, particularly age and accident risk. His response variable was binary, and they were fatal and non-fatal. The logistic regression technique was used where the expectation was to assess the most important factors contributing to the severity of road accidents. Accident location and accident causes explanatory variables in his research (Al-Ghamidi, 2002). Eboli, Forciniti, and Mazzulla (2020), Tay (2016), Schlogl, Stutz, Laaha, and Melcher (2019), and Sze, Wong, and Lee (2014) also used binary logistic regression for their research.
The multinomial logistic regression model is used to predict categorical dependent variables based on multiple explanatory variables where the explanatory variables can be dichotomous or continuous (Starkweather & Moske, 2011). It extends the binomial logistic model that allows over two categories of the response variable (Starkweather & Moske, 2011). Among the independent variables, multi-collinearity should be evaluated with simple correlations in this regression model (Starkweather & Moske, 2011). The sample size for multinomial logistic regression should be a minimum number of 10 cases per independent variable (Schwab, 2002). Chen and Fan (2019) used multinomial logistic regression for assessing crash severity of pedestrian versus vehicle to identify significant factors that determine the pedestrian-vehicle crash severity. Murata (2015), Murray, Wernstedt, and Yin (2014), and Zeng et al. (2017) also used the multinomial logit approach for their research.
Mixed logit models are used by different authors in their research (Wu et al., 2014; Milton, Shankar, & Mannering 2008; Liu & Fan, 2020). The major theme is the randomness of explanatory or independent variables (Jahan, 2019). Wu et al. (2014) investigated crashes occurring for incapable drivers on two-lane rural roads. They used mixed logit models to analyze driver injury severities in single-vehicle and multi-vehicle crashes on rural two-lane highways. Milton et al. (2008) used the mixed logit model for road accident severities. Their model allows for the possibility where estimated model parameters can vary randomly across different roadway segments (Milton et al., 2008).
The multinomial logistic regression model does not work well when alternatives are not independent and there are taste variations among individuals; this problem is called the IIA property of independence of irrelevant alternatives (Hensher & Greene, 2002). The nested logit model extends the simple multinomial logistic regression model. It is a sequential and simultaneous estimation method where a single maximum likelihood function is planned and maximized (Hensher & Greene, 2002). Patil, Geedipally, and Lord (2012) used this model for analyzing crash severity. They used motorcycle crash data and synthetic data, where all the explanatory variables were binary.
3. METHODOLOGY
3.1 Study Area
Khulna city has significant importance in road-related activities, especially for road accident because the total road network in Khulna City is about 1231 km (of which 302 km is the bituminous road, 84 km is Water Bound Macadam (WBM), 81 km is Herring Bone Bond (HBB), 95 km is Flat Brick Soling (FBS) and 669 km is earth road) (Rezaur, 2005). There is optimum amount of road networks which is an advantage for this research. So, it’s a good indicator to have a good number of accidents and this is also a district and a divisional city. The roads and highways of Khulna city have a great importance of economic, social, political, environmental, and after all, human health-related phenomena (Rezaur, 2005). So, more traffic flow and road accidents are common phenomena in this city. For these reasons, Khulna city has been chosen as the study area.
3.2 Data Collection and Data Description
Secondary road accident data has been used for this study. Data for this study has collected from the traffic branch of the Deputy Police Commissioner of Khulna Metropolitan Police. Road Accident data used for this research were collected from 2010 to 2019 in Khulna city. Traffic branch of Khulna Metropolitan Police collected, gathered, and preserved only the registered cases that have come to the different police stations. Every police station collects road traffic accident data which contains within its jurisdiction. Road Accident data was in draft Bengali format. Authors have converted the data to the English format and sorted the data into IBM SPSS v26. The author has used the data after the data has been reformed and categorized. After reforming and categorizing the data, variables are needed to filter and the final variables which have applied to the research aim have been filtered finally. The variables were found through reviewing original works of literature. Details of the variables are mentioned in Table 1.


	[bookmark: _Toc59185371][bookmark: _Toc59185740][bookmark: _Toc61912593]Table 1: List of Variables

	Description
	Literature

	Accident Season
	Ordinal 
(Different seasons during accident)
1. Summer (Mid-April to Mid-June)
2. Rainy Season (Mid-June to Mid-August)
3. Autumn (Mid-August to Mid-October)
4. Late Autumn (Mid-October to Mid-December)
5. Winter (Mid-December to Mid-February)
6. Spring (Mid-February to Mid-April)
	Zhang et al. (2013)

	Accident Time
	Ordinal
(Different categories of period during accident occurrences)
1. Midnight to Down (0.00 to 6.59)
2. Morning Rush Hour (7.00 to 8.59)
3. Morning Working Hour (9.00 to 11.59)
4. Afternoon Working Hour (12.00 to 16.59)
5. Afternoon Rush Hour (17.00 to 19.59)
6. Night-Time (20.00 to 23.59)
	Zhang et al. (2013)

	Location of Accident
	Categorical 
(Locations where accident events happen)
1. Sonadanga
2. Khan Jahan Ali Thana
3. Khulna Sadar Thana
4. Labonchora
5. Aronghata
6. Khalishpur
7. Daulotpur
	Haque (1991)

	Number of Fatality
	Ratio 
(Total number of fatalities during an accident)
	Anjuman, Hasanat-E-Rabbi, Siddiqui, and Hoque (2020)

	Number of Injury
	Ratio
(Total number of injuries during an accident)
	

	Reason Behind Accident
	Categorical 
(Reasons behind accident events)
1. Pedestrian Accident
2. Motor Cycle Accident
3. Truck Driving at Higher Speed
4. Crossing Collision
5. Losing Balance Through Speed
	Anjuman et al. (2020)

	Reported Status of Accident
	Categorical 
(Different reporting status reported by traffic branch of Khulna Metropolitan Police)
1. Died Under Treatment
2. Died on The Spot
3. Grieviously Injured
4. Died On The Spot & Grievious Injury
5. Minor Injury
6. No-Injury
	Author’s Compilation

	Type of Accident
	Categorical
(Types of accident either fatal or non-fatal)
1. Fatal
2. Non-fatal
	Zhang et al. (2013) 
and 
Jahan (2019)

	Type of Collision
	Categorical
(Types of collisions related to vehicles during accidents)
1. Road-Cross Collision
2. Rear-End Collision
3. High-Speed Collision
4. Head-On Collision
5. Side-Swipe Collision
	Anjuman et al. (2020)

	Type of Injury
	Categorical
(Injury occurred by accident events)
1. Grievous
2. Minor Injury
3. No-Injury
	Jahan (2019)

	Velocity of Vehicle
	Ordinal
(Vehicular speed during accident)
1. Below 40km/h
2. Above 40km/h
	Uddin and Sen (2004) and
Garder (2004)


Source: Authors, 2021
3.3 Analytical Procedure
Target of this study is to identify the factors behind road accidents in perspective of different modes and to predict the relation between different modes and fatality rate in Khulna City. The analytical framework is generated for analyzing a way through which the author can get the expected outcome. The analytical framework is given in Figure 1. Two important steps for any research are variable selection and then running the model. For selected variables, first, different literature was reviewed to find primary variables (the variables are shown in Table 1), and then from these primary variables the final variables have been selected for the final multinomial logistic regression model by three different statistical tests; the collinearity test, Levene’s test, cell frequency for each predictor variables compared to the response variable types of vehicle, and at last likelihood ratio test (for identifying the fitness of data and the predictor variables). The response variable has five categories; bus, motorcycle, pickup, private car, and truck. At last, the multinomial logistic regression model is run and used to show the impact or risk of road accidents in perspective to different modes or compared to these categories.Figure 1: Analytical framework
Source: Authors, 2021














3.4 Method Selection
For this study, a quantitative approach has been taken for the analytical procedure. To get the outcome as probability, impact, the relationship among variables or even predicting the riskier level among different levels in a variable, the logistic regression models are very much compatible (Murata et al., 2015; Garson, 2014). There are various types of logistic regression models like the binomial logistic model, multinomial logistic model, mixed logistic model, ordered logistic model, nested logistic model, and probit logistic model (Washington, Karlaftis, & Mannering, 2020). The multinomial logistic model has been selected for this study as the response or dependent variable of this study is over two possible discrete outcomes. The multinomial logistic model has been used to predict the probabilities of the different outcomes of the categorical response variable different modes, where a set of explanatory variables has been selected in the analysis section.
[bookmark: _Toc50299988][bookmark: _Toc50300266][bookmark: _Toc65760156]3.4.1 Equation for Multinomial Logistic Model
The multinomial logistic model offers over two possible categorical outcomes and for this reason, this model has been selected for this study. First, a reference category is needed to identify the dependent variable. If there are three categories like 0, 1, and 2 and suppose that 0 is the reference category, there are two other event possibilities (1 and 2) with category 0. Then the two logits for 1 and 2 are as follows (according to Favero and Belfiore (2019)):
…………..(1)
…………..(2)
For, M number of categories of dependent variable the estimated logits will be (M-1) and for ‘k’ independent variable the general expression of the logit (m=0,1,2,3,…..M-1) is (according to Favero and Belfiore (2019)):
…………..(3)
Where,  and .
This model uses an odds ratio for predicting the probability of outcomes of happening one particular event for the probability of not occurring that event.
Favero and Belfiore presented (2019)-
The probability of occurring of the non-event: 
…………..(4) and
The probability of occurring of the event: 
…………..(5)
Now the probability of occurring the 0, 1, and 2 categories we can predict through equations. The equations are given below:
The probability for category 0 (reference category): …………..(6)
=> (the value of  from equation (1) and  form equation (2) is applied in this equation)
The probability for category 1: …………..(7)
=> (the value of  from equation (1) and  form equation (2) is applied in this equation)
The probability for category 2: …………..(8)
=> ( the value of  from equation (1) and  form equation (2) is applied in this equation) 
For, M number of categories of dependent variable we can get the probability expression  (m=0,1,2,3,…..M-1) as follows:
…………..(9) (Favero & Belfiore, 2019)
This is the final equation for the multinomial logistic regression model for prediction of probable outcomes.
4. ANALYSIS AND INTERPRETATIONS
First, it is important to see a glance at the trend of accident occurrences that happened in different years to create a simple concept about the road traffic accident data. Table 2 summarizes the road accident phenomena of Khulna city from 2010 to 2019. The outcome of the registered road accident of Khulna city is shown in statistics below by yearly glimpse. In these ten years, 266 accidents happen and 198 people die among 266 accidents. Based on the data, it is evidenced that every year over 26 accident occurrences happen and over 19 victims have died in Khulna city. Table 2: Yearly Accident Occurrences

	Accident Year
	Number of Accident
	Number of Fatality

	2010
	53.00
	24

	2011
	28.00
	27

	2012
	21.00
	16

	2013
	18.00
	13

	2014
	30.00
	27

	2015
	18.00
	15

	2016
	11.00
	14

	2017
	24.00
	19

	2018
	35.00
	15

	2019
	28.00
	28

	Total
	266
	198

	Yearly Average
	26.6
	19.8


Source: Authors, 2021




Figure 2: Accident Cases From 2010 to 2019
Source: Authors, 2021



Figure 2 shows the accident cases where a year is divided into four quarters. There are two line charts. The non-linear line chart depicts the number of accidents that happen from 2010 to 2019 where the line never touches the ground, which means in each quarter accident cases occur. Most of the accidents cases happen in 2010 and the number of an accident goes lower in the very close next year, where the decrease begins from a 3rd quarter of 2011. The lowest accident cases occur from 2015 to 2016 and again the trend rise in 2017 and 2018 than in recent years. 
The linear line chart describes the linear trend of accident cases, where the line is gone downward after 2019, which means the accident cases are decreasing in recent years. The linear trend line is downward, which also shows the accident decreases from 2010 to 2019 with having a trend to decrease after 2019.
4.1 Variable Selection
The variables showed in Table 1 are analyzed and interpreted through calculating collinearity, Levene’s test of homogeneity of variance, and at last the cell frequency for categorical variables with the dependent variable. Then likelihood ratio test has been conducted and interpreted the variables with ‘p’ value. After these steps, the final variables are found and the final variables are predicted in the model and the accident risk through different vehicles.
4.1.1 Collinearity
, the variance inflation factor or VIF (Variance Inflation Factor) is a robust method that shows the collinearity of independent variables (Daoud, 2017). Collinearity is the problem of data not the problem of the model. Collinearity occurs when two variables are themselves highly correlated (Daoud, 2017). The VIF is reciprocal of tolerance (Daoud, 2017). There are different cutoff values for tolerance or VIF. One popular tolerance cutoff value is 0.2. The tolerance cutoff value needs to be greater than 0.2, so if the tolerance is less than 0.2 that would show multi-collinearity (Ringle, Wende, & Becker, 2015). So a VIF of greater than 5 is problematic and for entrance to the regression model, a VIF of less than 5 is needed. [bookmark: _Toc60135903][bookmark: _Toc61912617]Table 3: Collinearity Statistics
Table 3: Collinearity Statistics

	Independent Variables
	Collinearity Statistics

	
	Tolerance
	VIF

	Accident Season
	0.947
	1.057

	Accident Time
	0.967
	1.034

	Velocity of Vehicle
	0.874
	1.144

	Location of Accident
	0.964
	1.037

	Reason Behind Accident
	0.870
	1.150

	Reported Status of Accident
	0.551
	1.814

	Number of Fatality
	0.389
	2.570

	Number of Injury
	0.514
	1.945

	Type of Accident
	0.236
	4.230

	Type of Injury
	0.525
	1.904

	Type of Collision
	0.942
	1.062



Source: Authors, 2019
Table 3 shows the collinearity statistics of independent variables and for every variable, the VIF is less than 5 or the tolerance is greater than 0.2. So, according to tolerance, there isn’t any problem of collinearity of any variable. So, all these variables can be taken for the regression model if need.
4.1.2 Levene’s Test of Homogeneity of Variance
Homogeneity of variance or homoscedasticity is the assumption that means that as going through the levels of one variable, the variance of the others should not change (Field, 2013). It can be said that the situation in which error terms like a random disturbance in the relationship between the independent variables and the dependent variable is the same across all values of the independent variables. It is the most common test that calculates the homogeneity of variance or homoscedasticity (Garson, 2012). The null hypothesis for Levene’s test is that there is no difference between the variance of the variables (Field, 2013). The alternate hypothesis is that there is a difference between the variance of the variables (Field, 2013). So, Levene’s test is wanted to be non-significance as the equal variance is expected for homoscedasticity. If the significance value of Levene’s test is greater than 0.01, the Levene’s test is non-significance and the null hypothesis is accepted and equal variances will be assumed (Field, 2013). If the significance value of Levene’s test is less than 0.01, the Levene’s test is the significance and null hypothesis is rejected; equal variances won’t be assumed and violation of homogeneity of variances will occur (Field, 2013). Table 4 is done by IBM SPSS through ‘Explore’. 
[bookmark: _Toc60135904][bookmark: _Toc61912618]Table 4: Levene’s Test Statistics

	Independent Variables
	Levene’s Statistic
	Sig.

	Accident Season
	1.936
	0.105

	Accident Time
	1.060
	0.377

	Velocity of Vehicle
	2.407
	0.122

	Location of Accident
	1.722
	0.145

	Reason Behind Accident
	2.047
	0.154

	Reported Status of Accident
	5.217
	0.000

	Number of Fatality
	2.057
	0.087

	Number of Injury
	0.012
	0.914

	Type of Accident
	1.180
	0.278

	Type of Injury
	1.073
	0.370

	Type of Collision
	2.974
	0.020


Source: Authors, 2021
From Table 4 it can be said that except for reporting status of accident, all variables are insignificance (for 95% confidence interval except type of collision which is also insignificance for 99% confidence interval) which means equal variances are assumed. The reporting status of accident has problems with violation of homogeneity of variances.
4.1.3 Comparison of Cell Frequency for Categorical Variables with Dependent Variable
There is a widely used rule of thumb for cell count which is no cell in factor space should be 0 and 80% of cells should be greater than 5 because low cell count illustrates a type of realization about which there are too few subjects to generalize for any type of statistics (Garson, 2012). So running a multinomial regression model, a minimum cell frequency of five among categorical variables with the dependent variable is needed. Table 5 shows an overview of the condition of cell frequency for categorical variables with the dependent variable. This table has been found from the result of cross-tabulation.
[bookmark: _Toc60135905][bookmark: _Toc61912619]Table 5: Cell Frequency of Categorical Variables compared to Dependent Variable

	Independent Variables (Categorical)
	Cell Frequency

	
	

	Accident Season
	No cell has a cell Frequency of less than 5

	Accident Time
	No cell has a cell Frequency of less than 5

	Velocity of Vehicle
	No cell has a cell Frequency of less than 5

	Location of Accident
	No cell has a cell Frequency of less than 5

	Reason Behind Accident
	No cell has a cell Frequency of less than 5

	Reported Status of Accident
	15 cells have expected count less than 5

	Type of Accident
	No cell has a cell Frequency of less than 5

	Type of Injury
	No cell has a cell Frequency of less than 5

	Type of Collision
	No cell has a cell Frequency of less than 5


Source: Authors, 2021
Except for reporting status of accident variable, all variables have a minimum cell frequency of five compared to the dependent variable types of vehicle. Reported status of accident has the cell frequency of less than five for fifteen cells with the dependent variable types of vehicle.
4.1.4 Likelihood Ratio Test and ‘P’ Value
For this research, the null hypothesis states that the risk for different vehicles does not have any relation with the selected independent variables or the values associated with the independent variables. The alternative hypothesis can be stated as there are significant differences in the relationship that the independent variables of this model are affecting the different vehicles. P-value is the probability that shows whether to accept or reject the null hypothesis (Dahiru, 2008). If the p-value or significance value is less than the significance level, the null hypothesis will be rejected; otherwise accepted.
Table 6 shows the likelihood ratio tests for the selected independent variables for the dependent variable types of vehicles. For indicating risk by the independent variables, the p-value would be 0.015 which is smaller than 0.10 means this variable is significant and this variable can predict the dependent variable.
[bookmark: _Toc60135906][bookmark: _Toc61912620]Table 6: List of Accident Risk Predictor Independent Variables

	Likelihood Ratio Tests

	Variables
	Likelihood Ratio Tests

	
	Chi-Square
	Sig.

	Injury
	7.705
	0.103*

	Fatality
	7.830
	0.098*

	Velocity
	12.305
	0.015**

	Injury Type
	11.339
	0.183

	Time of Accident
	48.211
	0.000***

	Season of Accident
	32.060
	0.043**

	Location
	27.185
	0.296

	Collision Type
	33.009
	0.007***

	Reason
	144.400
	0.000***

	Accident Type
	15.587
	0.004***


Source: Authors, 2021
(*Significant at p ≤ 0.10) (** Significant at p ≤ 0.05) (*** Significant at p ≤ .01). Note: The single asterisk (*) shows a variable significance at 90% confidence interval, the double-asterisk (**) shows a variable significance at 95% confidence interval and the triple asterisk (***) shows a variable significance at 99.99% confidence interval.
Table 6 shows that all variables are significant except injury type and location of the accident. So, injury type and location of the accident have been rejected.
4.2 Modeling the Risk Factors According to Different Vehicular Types
Impact or risk assessment for different vehicles (bus, truck, pickup, motorcycle, and private car) is one of the principal aims of this research. For assessing risk from the accident or crash data, regression models are used because the logistic regression models can predict the impact, risk, and probability or even predict the riskier level among different levels in a variable (Muratae et al., 2015; Garson, 2014). In this study, the multinomial logistic regression model has been generated to explain the impact or risk of different vehicles. The different modes show five different vehicles; the bus, the motorcycle, the pickup, the private car, and the truck. For these five dependent categories of the response variable, the risk in perspective to different variables has been preferred to predict. As the categories of the dependent variable are over two and the categories are unordered, the multinomial logit model is the perfect fit for explaining and analyzing the risk of accident compared to different modes.
Multinomial logistic regression extends binary logistic regression that allows for over two categories of the response variable (Al-Ghamidi, 2002; Starkweather & Moske, 2011). Multinomial logistic regression uses maximum likelihood ratio estimation to evaluate the probability of categorical alternatives (Al-Ghamidi, 2002).
Formulation of this equation is described in the method selection portion of the chapter methodology. The truck is considered as the reference category for this study because the truck is considered the most prominent one and its frequency for accident events is greater than the other four vehicular modes. Correspond to equation (9) the probability for different modes has shown there.
The probability equation for Truck,
……(10)
Source: Authors, 2021
The probability equation for Bus,
……(11)
Source: Authors, 2021
The probability equation for motorcycle,
……(12)
Source: Authors, 2021
The probability equation for Pickup,
……(13), Source: Authors, 2021


The probability equation for Private Car,
……(14)
Source: Authors, 2021
4.3 Model Fitting Information
Table 7 shows the model fitting information of the model of multinomial logistic regression.
[bookmark: _Toc60135907][bookmark: _Toc61912621]Table 7: Likelihood Ratio Test for Model Fitting Criteria

	Model Fitting Information

	Model
	Model Fitting Criteria
	Likelihood Ratio Tests

	
	-2 Log Likelihood
	Chi-Square
	df
	Sig.

	Final Model
	386.059
	279.988
	120
	.000


Source: Authors, 2021
In Table 7, it is essential to look at the model. In this study, the independent variables are affecting the different vehicles. The ultimate model is less than 0.05, then the null hypothesis is rejected, so the model is fit. As the model is significant so we can go to the next step model interpretation.
4.3.1 Pseudo R-Square
Table 8 shows the pseudo-R-square of the multinomial logistic regression model because in logistic regression the R-square is called pseudo-R-square. The pseudo-R-square shows how much the independent variables are showing variations to the dependent variable, types of vehicles.
[bookmark: _Toc60135908][bookmark: _Toc61912622]Table 8: Pseudo R-Square

	Pseudo R-Square

	McFadden
	0.420


Source: Authors, 2021
Table 8 depicts that the McFadden R-Square value for this model is 0.42. McFadden (1977) states that a good value for a suitable model fit ranges from 0.2-0.4, and for this study, the value is 0.42. So it can be said that the model is a good fit over the data according to McFadden's referred value of R-Square.
4.4 Model Interpretation
The risk of road accidents depends on the sum of the total circumstances and conditions of surroundings during an accident event compared to the condition of vehicles. This study has combined identification of the indicators (that contribute to assessing the risk of road accident compared to different modes) and has investigated how these indicators have affected the risk of a road accident in perspective to different modes through developing a multinomial logistic regression model. This model completes these indicators compared to the different modes and finds out these indicators impact or influence over the risk of an accident. The model interpretation of this study has been organized to explain the risks or affects and probabilities of indicators of road accident events.



[bookmark: _Toc60135909][bookmark: _Toc61912623]Table 9: Analyzing Risk with Respect to Different Modes

	Indicators
	Category of,
Indicators
	Types of Vehicle

	
	
	Bus
	Motorcycle
	Pickup
	Private Car

	Injury
	
	0.427
	0.578
	0.200
	-0.441

	Fatality
	
	0.851
	-1.249
	0.727
	1.525

	Velocity
	1. Below 40km/h
	1.348
	2.071
	0.191
	-0.199

	
	2. Above 40km/h
	0b
	0b
	0b
	0b

	Time of Accident
	1. Midnight to Down
	1.655
	-1.605
	-0.649
	0.532

	
	2. Morning Rush Hour
	0.294
	-4.416
	-1.695
	-0.686

	
	3. Morning Working Hour
	-0.864
	-4.169
	-1.821
	-3.069

	
	4. Afternoon Working Hour
	-.690
	-1.789
	-1.755
	-2.177

	
	5. Afternoon Rush Hour
	2.721
	-3.347
	-0.121
	0.801

	
	6. Night Time
	0b
	0b
	0b
	0b

	Collision Type
	1. Road-Cross Collision
	-1.304
	-4.526
	-1.819
	-1.617

	
	2. Rear-End Collision
	0.244
	0.096
	-0.895
	-0.738

	
	3. High-Speed Collision
	-1.426
	-1.648
	-3.188
	-3.017

	
	4. Head-on Collision
	1.008
	-1.255
	-0.713
	-0.695

	
	5. Side-Swipe Collision
	0b
	0b
	0b
	0b

	Accident Type
	1. Fatal
	-2.208
	1.289
	-1.751
	-4.329

	
	2. Non-fatal
	0b
	0b
	0b
	0b

	a. shows the reference category is: Truck.

	b. shows the base or reference category for each independent variable.


Source: Authors, 2021
Table 9 shows the risk of accident in perspective to different vehicular modes compared to the predictor variables. This table shows the indicators of coefficient values with positive and negative effects which symbolize the road accident risk. A range of six predictor variables has been chosen from significant predictor variables from the likelihood ratio test. Injury (number of injury) and fatality (number of fatality) are the two major factors for assessing the severity of accident risk. Most of the values are positive which means if the values of the number of fatality are increased by 1 unit, the chances of the risk of happening an accident will increase 0.851, 0.727, and 1.525 times and for increasing 1 unit for the number of injury the chances of the risk of happening an accident will increase 0.427, 0.578 and 0.200 times. It means the increasing number of fatalities and injuries shows that adequate safety and security aren’t provided and the overall condition of safety and security is not efficient. Most of the coefficient value is positive for the velocity of vehicle, which shows if the velocity of a vehicle is increased by 1 unit, the chances of the risk of happening an accident will increase 1.348, 2.071, and 0.191 times. The private car reacts inversely. For the motorcycle, the risk of the accident has increased 2.071 times which is highest because the motorcycle is less heavy than other vehicles, and even the velocity increases by 1 unit for the motorcycle the risk of the accident has also increased by 2.071 unit.
Time of accident is an interesting indicator for assessing the risk of accident compared to different vehicles. At Midnight during down period, people are used to sleeping or stay at home, which means the road has not busy compared to other periods. For this reason, this period is -1.605 and -0.649 times less risky for motorcycles and pickups. But this time the bus and private car are used which comes from outside Khulna to inside for this reason with an increase of 1 unit, the chances of the risk of happening an accident will go up by 1.655 and 0.532 times for bus and private car. There are two rush-hour periods and two working-hour periods. Rush-hours are used to go to the working place like shop, office, school, college or university etcetera, so in this period the road becomes busy than working-hours because in working-hours most of the people are busy in their work. In morning rush-hour and afternoon rush-hour most of the people use the bus so the risk of road accidents by bus is increasing in that period for 0.294 and 2.721 times with increasing every one unit of the periods. Both the two working hours all the coefficients negative, which shows with the increase of every one unit of working-hours the risk of road accident decreases means in that time for all vehicles the risk is lower because people in that time have busy with work in Khulna city.
Collision type of accident has five different categories. Among them, the rear-end collision is 0.244 and 0.096 times risky for bus and motorcycle. That shows the carelessness of bus and motorcycle users and sometimes unconsciousness during parking their vehicles. The pickup and the private car react inversely. Head-on collisions are not risky for the others except the bus. The bus has 1.008 times the upward risk for the head-on collision.
The accident types declare a negative impact or risk compared to different modes. It means if the values of the number of fatal accidents are increased by 1 unit, the chances of the risk of happening an accident will go down by 2.208, 1.751, 4.329 times because though the risk of accident events are decreasing but the fatal accidents are increasing compared to total accident type. For the motorcycle, the risk of the accident is increasing with the increase of fatal accidents by 1.289 times.
5. DISCUSSIONS OF RESULTS
This research aims to find out the factors that affecting road traffic accident events compared to different vehicles and predicting the relation between different modes and accident rate. This research has taken six significant indicators or predictor variables affecting the accident severity in perspective to different modes. The explanation and description of the result found from the final analysis have been discussed below.
[bookmark: _Toc60146946][bookmark: _Toc65760194]5.1 Factors Affecting Road Accidents
Six significant determinants have been taken to predict the accident severity and risk or impact of the accident in perspective to different modes. Discussion of these predictor variables is given below.
[bookmark: _Toc60146947][bookmark: _Toc65760195]5.1.1 Number of Injury
In this research, it has been found that the risk of road accidents increases if the number of injury increases compared to different modes. Zajac and Ivan (2003) stated that vehicle types influence the severity of the injury. Number of injury, and risk of road accidents has a positive and increasing relationship for different modes. The number of injury increases when the accident occurrences increase means the accident risk increases. The probable explanation for the increased risk might be the carelessness of drivers during driving, less experienced drivers, craggy road conditions, bad vehicle conditions, or high speed of vehicles. For less experienced and the carelessness of drivers, the driver might not drive proficiently in poor road condition or they might lose the balance of their vehicles and the accidents might happen and the number of injury has also been increased. So the increasing number of injury describes the increased risk of accidents.
[bookmark: _Toc60146948][bookmark: _Toc65760196]5.1.2 Number of Fatality
If an accident happens and for this accident a fatality happens, the accident will call a fatal accident. In this accident there can be an injured victim or not, so an accident related to fatality is riskier than the only injury-related accident. The number of fatality shows the risk occurring the accident events. The explanation might be less safety and security of vehicles, carelessness of drivers, and less skilled drivers. Moeinaddini et al. (2015) stated that private vehicles are associated with more road traffic fatalities than public vehicles but according to Khulna city the consequences of the risk of accident compared to fatality is different, the motorcycle has shown less risk among private vehicle where the private car has shown highest risk. The vehicle types can be divided into public (bus), private (motorcycle and private car), and commercial vehicles (pickup and truck). This explanation might be that private owners are less skilled and careless during driving than commercial and public drivers.
[bookmark: _Toc60146949][bookmark: _Toc65760197]5.1.3 Velocity of Vehicle
Either victim or driver, it is human to make mistakes and to get into an accident. The consequences of mistakes can be dangerous when vulnerable human beings are mixed with different vehicles. Garder (2004) explained that low-speed locations have lower risks than high-speed locations. Khulna city is consistent with the study of Garder (2004). In this study, with increasing velocity, the risk of accidents has also been increased. The probable explanation might be, with the increase of the velocity of the vehicles the balance of vehicles has been hindered and accidents have happened because higher speed has broken concentration of drivers even for a slight change in the surrounding circumstances. Another explanation might be the high-volume traffic in Khulna city which has been associated with happening the accident events for high-speed vehicles.
[bookmark: _Toc60146950][bookmark: _Toc65760198]5.1.4 Time of Accident
Time of accident is an interesting variable where this research shows that rush-hours have a higher risk of accident severity compared to working hours in Khulna city from 2010 to 2019. Awal (2013) stated that morning and afternoon hours have higher accident severity than overnight accidents. The explanation for the midnight to down period might be, the risk for motorcycle and pickup is less because people have been used to sleep or staying at home which means the road has not been busy, but the bus and the private car is shown higher risk because they are come from outside Khulna to the inside in that time. The rush-hours are used to go to the working place like shop, office, school or college etcetera so in this period the road becomes busy than working-hours because in working-hours most of the people are busy with their work in working place.
[bookmark: _Toc60146951][bookmark: _Toc65760199]5.1.5 Collision Type
Head-on collision and rear-end collision type have positive and increasing accident risk for different vehicles. The probable explanation for these two types of collisions might be the carelessness of drivers and sometimes unconsciousness during parking their vehicles or turning their vehicles. For heavy vehicles (like the bus and the truck), those types of collisions are risky for accident events. High-speed collisions have a higher number of accident events whose explanation might be, the high speed of vehicles is the reason for losing the balance of vehicles.
[bookmark: _Toc60146952][bookmark: _Toc65760200]5.1.6 Accident Type
Accident type is used in every road accident-related research (Jahan, 2019). Awal (2013) and Jahan (2019) divided types of accidents into two parts (fatal and non-fatal) in their research. The non-fatal accidents were greater than fatal accidents for the research of Jahan (2019). In the road accident data of Khulna city 2010-2019, the deaths under treatment are counted and considered as fatal accidents. For this study, fatal accidents are greater than non-fatal accidents. The values of most of the accident types have negative effects or risks compared to different modes. For this study, the result of accident type and its explanation are interesting. Here, the explanations for different accidents might be, the risk of accident events is decreasing with the increase of fatal accidents compared to the total accident type.
[bookmark: _Toc60146954][bookmark: _Toc65760202]5.6.2 Risk Assessment for Different Modes
Table 10 depicts the interpreted value for different vehicles has found from the final multinomial logistic regression model. There the reference category is the truck. First, it is considered that the truck has a value of 1 means the coefficient B is 1 unit for the truck. If the values of the truck or the risk of the accident by truck is increased by 1 unit, the chances of increasing the risk for bus, motorcycle, pickup, and private car will be 7.041, 3.632, 9.179, and 11.467 times greater, respectably. If an accident happens and the risk of the road accidents by truck is 1 unit, then the risk of road accidents for bus, motorcycle, pickup, and private car will be 7.041, 3.632, 9.179, and 11.467 times higher respectably than the truck. All the vehicles have a positive impact and greater than 1, which means all vehicles are riskier than the truck. The order for risk from greater to lower is the private car, pickup, bus, motorcycle, and truck respectably. Between private vehicles, the private car is riskier than the motorcycle and among commercial vehicles, pickup s riskier than bus and truck.
	Types of Vehicles
	B

	Bus
	7.041

	Motorcycle
	3.623

	Pickup
	9.179

	Private Car
	11.467

	a. The reference category is Truck.


[bookmark: _Toc60135910][bookmark: _Toc61912624]Table 10: Risk Prediction of Different Types of Vehicles

Source: Authors, 2021
6. CONCLUSION AND RECOMMENDATIONS
This study finds out the factors affecting road traffic accident in perspective to different vehicles (bus, motorcycle, pickup, private car, truck) and predicting the relationship between vehicle and accident rate means the risk of happening an accident compared to different modes. The result depicts that six variables (number of injury, number of fatality, velocity of vehicle, time of accident, collision type, and accident type) are significantly affecting accident severity or accident events and risk of the road traffic accident in perspective to different modes. Among these factors, there are environmental factors, human factors, and vehicle factors. The number of injury, accident type, and number of fatality are human factors; velocity of vehicle and collision type are vehicle factors; time of accident is the environment-related factor. Based on the result and its discussion, it can be concluded that the risk of road traffic accidents increases with the increase of every unit of the number of injury, number of fatality, velocity of vehicle, time of accident, and collision type; and the risk of the road traffic accident in perspective to different vehicles from highest to lowest order is the private car, pickup, bus, motorcycle, and truck respectably.
The data collection process isn’t updated and changed regularly and the data collection and management process is not efficient. The Traffic Branch of Deputy Police Commissioner of Khulna Metropolitan Police has the speedometer technology, but they didn’t use it all the time and all the places. It should be managed. Then the data will measure the expected road accident outcomes significantly through different levels of vehicular speed. Despite these limitations, the results or findings found in this study have great implications for safety measures, interventions, and policy formulations. An important recommendation could decrease private vehicles because it has been found that the risk of private vehicles is greater than public vehicles. The motorcycles should be protected from traveling in the rainy season when the rain will happen or the roads will be wet because in the rainy season the motorcycle has created the highest number of accidents. Other recommendations can also be described from this study and this study can be a good door for future research options.
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