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Chapter 5: Statistical Modelling of Fatal Accidents with Fatalities and Vehicles


Chapter 5
Statistical Modelling of Fatal Accidents with Fatalities and Involved Vehicles
5.0: Introduction
This chapter is based on statistical modelling of secondary data of road traffic fatal accidents with fatal casualties (i.e., fatalities) and involved vehicles following on from previous chapter 4. Statistical models will be constructed by using the two-way and three-way classified data of fatal accidents, fatal casualties (fatalities) and involved vehicles at fatal accident applying a range of statistical methods utilising a selection of predictor explanatory variables. 
This chapter is organised in the following sections:

Section- 5.1
Statistical Modelling Approaches

The modelling approach to examining two-way and three-way classified data of fatal accident rates and fatality rates are to investigate the number of fatal accident, the number of fatalities and the number of involved motorised and non motorised vehicles (at fatal accidents) as the dependent variables. A Poisson regression approach is suitable for this, or when accident/ fatality rates are of a relatively small magnitude (White, 2002). However, the population density bases used at location/ attribute level and relatively long time period for which the data are available have resulted in rates that approach normally distributed data. 

Population Density (PD) per square kilometres was used as population. For localities, PD by urban and locality is computed. For roads, PD by Bangladesh is computed. For divisions/ cities, PD by 10 divisions/ cities is computed. For districts/ cities, PD by 68 districts/ cities is computed. For cities-non-cities, PD by non-cities and cities (i.e., Dhaka+Chittagong+Khulna+Rajshahi) is computed. For other variables, PD by Bangladesh is computed.

The modelling flowchart is laid out below: 
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Fig- 5.1: Modelling Chart of Data Type

To do the modelling, SAS 9.0 is used. The procedure GENMOD is used to fit the Poisson regressions. A Poisson regression is fitted by using, in the model options as dist = poisson; link = log (this is the default link when the distribution is stated as Poisson); offset = <log of appropriate variable>. The offset is entered as the log value (e.g., log(population density) = In(population density)).

The following is a sample of the programmes: 

libname RTACB "E:\RTACB Database in SAS";

data RTACB; 

set RTACB.FACTDivECC;
 ln_PD = log(PD);

run;

proc contents data=RTACB; run;

proc genmod data = RTACB; 

class CT DivECC;

 model FACTDivECC = CT DivECC Year CT*DivECC

/dist=poisson link = log offset = ln_PD type1 type3 scale = d;

*output out=RTACB1 predicted = P1;
run;

Next five sections (5.2 - 5.6) are for modelling and the last section (5.7) is for conclusion of this chapter.
Section- 5.2
Modelling of Fatalities by Travel Mode and by Age and Gender 

This section is based on modelling of frequencies of traffic fatalities by travel mode, 2002-2007. The fatalities by travel mode and by age and gender are modelled. Then the fatalities for all road users, pedestrians and passengers by age and by gender for 2002-2007; drivers by age and by ‘alcohol drinking’ for 2004-2007; motorcyclists by age and by ‘helmet wearing’ for 2004-2007 are modelled. The eight models are summarised in the following table (5.2):
	#
	Poisson

Model
	Dependent

Variable


	Predictor
Variable

Type
	Significant (p<=0.05)

Coefficients
	Comment

	
	
	
	
	Variable
	Value
	

	1
	Fatalities

by 

Travel

mode

and 

by 

Age
	Fatalities 


	Year, 

Travel mode

and 

Age
	Age:

26-40

41-55

Travel mode:

Pedestrian

Passenger

Interaction:

Pedes*16-25 Pedes*26-40 Pedes*41-55
	1.5246

1.1941

2.9051

1.2351

1.9389

2.1005

1.6353
	The model is fitted well with scaled 
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of 1.0577 which is only slightly overdispersed. It confirms the influences of age and travel mode. It identifies that the age of 26-40 and 41-55 are having significantly the highest fatalities over the 6-year period for all travel modes. The pedestrians are the most dangerous victims significantly. The interaction of pedestrian aged 26-40 has the highest involvement significantly (See whole analysis of parameter estimates in Appendix table- 5.2.0).

	2
	Fatalities

by 

Travel

mode

and 

by 

Gender
	Fatalities 


	Year, 

Travel mode

and 

Gender
	Gender:

Male
Travel mode:

Pedestrian

Interaction:

Pedes*Male 
	1.8968

0.8300

-0.5069
	The model is fitted well with scaled 
[image: image2.wmf]df
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of 0.9932 which is only slightly underdispersed. It confirms the influences of gender and travel mode. It identifies that males are having significantly higher fatalities than females over 6-year period. The pedestrians are more dangerous victims than passengers significantly. The interaction of pedestrian with male has significant –ve coefficient (See whole analysis of parameter estimates in Appendix table- 5.2.0.1).

	3
	Fatalities

by 

Travel

mode;

by 

Age

and 

by

Gender
	Fatalities 


	Year, 

Travel mode,

Age

and

Gender
	Age:

00-15
16-25
Travel mode:

Pedestrian

Gender:

Male

Interaction:

Pedes*16-25 Pedes*26-40 Pedes*41-55

Male*16-25 Male*26-40
	-0.5760

-0.4738

0.8105

0.5704

-0.7082

-0.7679

-0.5188

0.3323

0.3633


	The model is fitted well with scaled 
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of 1.0306 which is only slightly overdispersed. It confirms the influences of age, travel mode and gender. Male pedestrians are the most dangerous victims significantly. The coefficients of interaction of pedestrian with ages of 26-40 are negative significantly.  There is no significant coefficient in three-way classified interaction (See whole analysis of parameter estimates in Appendix table- 5.2.0.2).

	4
	Fatalities

for

All Road

Users

by 

Gender

and 

by 

Age
	Fatalities 

of

All Road

Users


	Year, 

Gender

and 

Age
	Age:

00-15

16-26

Gender:

Male

Interaction:

No
	-0.6392

-0.7611

0.6004
	The model is fitted well with scaled 
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of 1.0295 which is only slightly overdispersed. It confirms the influences of age and gender. It identifies that the age of 16-25 and 0-15 are having significantly the lowest fatalities over the 6-year period for all road users. The males are higher victimised than female significantly. The interaction terms are not significant (See whole analysis of parameter estimates in Appendix table- 5.2.1).

	5
	Fatalities

for

Pedestrian

by 

Gender

and 

by 

Age
	Fatalities 

of

Pedestrian


	Year, 

Gender

and 

Age
	Age:

00-15

16-25

26-40

41-55

Gender:

Male

Interaction:

Male*00-15


	-0.6696

-1.1798

-0.6520

-0.3724

0.6166

-0.2902
	The model is fitted well with scaled 
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of 1.0549 which is only slightly overdispersed. It identifies that the age of 16-25and 0-15 have significantly the lowest fatalities over the 6-year period for pedestrians. Males are more involved than female significantly. The only interaction of male aged 0-15 is significant (See whole analysis of parameter estimates in Appendix table- 5.2.2).

	6
	Fatalities

for

Passenger

by 

Gender

and 

by 

Age
	Fatalities 

of

Passenger


	Year, 

Gender

and 

Age
	Age:

00-15

26-40

41-55

Gender:

Male

Interaction:

Male*16-25

Male*26-40
	-0.4899

0.2227

0.8810

0.5244

0.5117

0.5460
	The model is fitted well with scaled 
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of 0.9967 which is only slightly underdispersed. It identifies that the age of 26-40 and 41-55 have significantly the highest involvement in fatalities over the 6-year period for passengers. The interaction terms of male aged 16-25 and 26-40 are significant (See whole analysis of parameter estimates in Appendix table- 5.2.3).

	7
	Fatalities

for

Driver

by 

‘Alcohol
Drinking’
and 

by 

Age
	Fatalities 

of

Driver


	Year, 

‘Alcohol
Drinking’
and 

Age
	Age:

00-15

16-25

26-40

41-55

Alcohol:

Suspected

Interaction:

Sus*00-15

Sus*16-25

Sus*26-40
	8.8089

11.3601

12.3972

11.4700

-10.7853

9.1192

9.6096

9.7414
	The model is fitted well with scaled 
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of 0.7929 which is only slightly underdispersed. It identifies that the age of 26-40and 16-25 have significantly the highest fatalities over the 4-year period for drivers. The alcohol non-suspected drivers are significantly more than suspected. The interaction terms of suspected ageing 26-40 and 16-25 are significant (See whole analysis of parameter estimates in Appendix table- 5.2.4).

	8
	Fatalities

for

Motorcyclist

by 

‘Helmet
Wearing’
and 

by 

Age
	Fatalities 

of

Motorcyclist


	Year, 

‘Helmet
Wearing’
and 

Age
	Age:

16-25

26-40

41-55

Helmet:

Worn

Interaction:

Worn*16-25

Worn*26-40
	11.9312

13.0361

12.4873

-11.5870

10.1017

10.6140
	The model is fitted well with scaled 
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2

c

of 1.1160 which is overdispersed. It identifies that the ages 26-40, 41-55 and 16-25 have significantly the highest fatalities over the 4-year period for motorcyclists. The helmet not-worn motorcyclists are significantly higher than the worn. The interactions of helmet worn ageing 26-40 and 16-25 are significant (See whole analysis of parameter estimates in Appendix table- 5.2.5).


Table-5.2: Summary of Poisson Models of Travel Mode Fatalities by Gender and by Age

Poisson regression (full models) produced every similar result in terms of identifying age and gender factor associated with fatalities. Models were constructed to predict the fatalities of four travel modes. All of these covered the general population density of Bangladesh; all road users, pedestrians, passengers, drivers and motorcyclists. The age and gender, in which the fatalities have existence, are significant factors for certain travel mode. Findings indicate that fatalities in males are higher than in females for all travel modes. Ages are different, in that a significant difference in driver and motorcyclist fatalities was observed. Fatalities of driver from youth are significantly higher than in old. Also motorcyclist fatalities from youth are significantly higher than in old. Regression indicates that pedestrian fatalities are significantly higher in children and old person than in youth. The unknown aged fatalities were removed before modelling as this might affect in coefficients of known ages. 

Individuals don’t become traffic fatalities without fatal accidents. Next three sections (5.3 - 5.5) will be for modelling of traffic fatal accidents by collision Type; junction type and mode of time.
Section- 5.3
Modelling of Fatal Accidents by Collision Type and by Location

This section is based on modelling of frequencies of fatal accidents by collision type, 2002-2007. Fatal accidents by collision type and by road environment/ locality, road class, division (excluding city)/ city, district (excluding city)/ city and city-non-city are modelled. Then, fatal accidents by collision type and by national highway link for 2003-2006 are modelled. The six models are summarised in the following table (5.3):
	#
	Poisson

Model
	Dependent

Variable


	Predictor
Variable

Type
	Significant (p<=0.05)

Coefficients
	Comment

	
	
	
	
	Variable
	Value
	

	1
	Fatal Accident

by 

Collision 

and 

by 

Locality
	Fatal Accident


	Year, 

Collision 

and 

Locality
	Collision Type:

Hit Pedestrian

Head on

Overturned V

Rear end

Side swipe

Right angle

Locality Type:

Urban

Interaction:

HO*Urban

OTV*Urban
	3.3353

2.0807

1.7594

1.6479

1.0222

-1.6805

-2.2569

-0.6152

-1.1782
	The model is fitted well with scaled 
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of 0.8852 which is only slightly underdispersed. It identifies that hitting pedestrian, heading on and overturning vehicle collisions have significantly the highest fatal accidents over 6-year period. Urban locality has lower accidents than rural. The interactions, i.e., at urban, heading on and overturning vehicle fatal accidents are significant where the likelihood of being involved in a fatal accident is significantly less likely (See whole analysis of parameter estimates in Appendix table- 5.3.1).

	2
	Fatal Accident 

by 

Collision 

and 

by 

Road
	Fatal Accident 


	Year, 

Collision 

and 

Road
	Collision Type:

Hit Pedestrian

Rear end

Head on

Road Class:

National HW

Interaction:

HO*National

HO*Regional

HO*Feeder

RE*Rural

SS*National

SS*Regional

OTV*National

OTV*Regional

OTV*Feeder

OTV*Rural

HOPV*National

Hit Ped*Rural
	3.8696

2.1826

1.3373

0.7645

1.3098

1.0210

0.7570

-1.2684

0.9289

1.0391

1.7367

1.5002

1.7871

1.0561

0.9122

-0.8371
	The model is fitted well with scaled 
[image: image10.wmf]df
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of 0.9981 which is only slightly underdispersed. It identifies that hitting pedestrian, rearing end and heading on collisions have significantly the highest involvement of fatal accidents over 6-year period. National highway is more dangerous than other road classes. The interactions, i.e., at national highway, the heading on, side swiping, overturning vehicle and hitting object or parked vehicle; at regional highway, the heading on, side swiping and overturning vehicle; at feeder road, the heading on and overturning vehicle; at rural roads, the rearing end and hitting pedestrian fatal accidents are significant where the likelihood of being involved in a fatal accident is significantly less likely (See whole analysis of parameter estimates in Appendix table- 5.3.2).

	3
	Fatal Accident 

by 

Collision 

and 

by 

Division/ City
	Fatal Accident 


	Year, 

Collision 

and 

Division/

City
	Collision Type:

Hit Pedestrian

Head on

Side swipe

Rear end

Division/ City:

Chittagong EC

Dhaka EC

Rajshahi EC

Sylhet

Khulna EC

Barisal

Interaction:

No
	3.6376

2.9957

2.7081

2.6027

3.3687

3.2883

3.0774

2.2810

2.2642

2.2457


	The model is fitted well with scaled 
[image: image11.wmf]df
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of 1.2391 which is overdispersed. It identifies that hitting pedestrian, heading on, side swiping and rearing end have significantly the highest fatal accidents over 6-year period. The divisions, excluding cities as Chittagong, Dhaka and Rajshahi have higher fatal accidents by collision than others. There is no significance in interactions of collision and division/ city (See whole analysis of parameter estimates in Appendix table- 5.3.3).

	4
	Fatal Accident 

by Collision 

and 

by 

District/ City
	Fatal Accident 


	Year, 

Collision 

and 

District/ 

City
	Collision Type:

Hit Pedestrian

Head on

Rear end

Overturned V

Side swipe

Right angle

District/ City:

Chittagong DEC

Sylhet

Rangamati

Bandarban

Naogaon

Mymensingh

Hobiganj

Faridpur

Tangail

Gazipur

Comilla

Moulavibazar

Sirajganj

Jhenaidah

Khagrachhari

Rangpur

Pabna

Sunamganj

Rajshahi DEC

Bogra

Manikganj

Kishoreganj

Dinajpur

Feni

Gopalganj

Noakhali

Cox's Bazar

Jessore

Munshiganj

Narayanganj

Khulna DEC

Rajbari

Patuakhali

Bhola

Natore

Dhaka DEC

Narsingdi

Nilphamari

Joypurhat

Madaripur

Jamalpur

Chaudanga

Shariatpur

Kushtia

Dhaka City 

Jhalkati

Maherpur

Pirojpur

Narail

Chittagong City 

Khulna City 
	3.6855

2.2462

2.0449

1.8491

1.2497

-1.1206

1.7638

1.6986

1.6432

1.4393

1.2319

1.1808

1.1050

1.0991

1.0572

1.0096

0.9454

0.9371

0.9133

0.9027

0.8717

0.8548

0.7741

0.7289

0.7009

0.6545

0.6190

0.6069

0.5590

0.5454

0.5436

0.5306

0.4738

0.4640

0.4296

0.4280

0.4215

0.3984

0.3879

0.3859

0.3814

0.3304

0.3275

-0.4053

-0.4170

-0.4729

-0.5422

-0.6083

-0.7188

-0.7638

-0.8077

-0.9201

-0.9841

-1.1189

-1.2621

-1.7840

-2.7754
	The model is fitted well with scaled 
[image: image12.wmf]df
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of 1.3292 which is overdispersed. It identifies that hitting pedestrian, heading on and rearing end collisions have significantly the highest involvement in fatal accident over 6-year period. 51 out of 68 districts/ cities are having higher involvement in fatal accident significantly. 37 of them have +ve coefficients and remaining 14 have –ve coefficients. 
(See whole analysis of parameter estimates in Appendix table- 5.3.4).

	5
	Fatal Accident 

by 

Collision 

and 

by 

City-

non-City
	Fatal Accident 


	Year, 

Collision 

and 

Cities/

non-Cities
	Collision Type:

Hit Pedestrian

Head on

Rear end

City/ non-City:

Non-Cities

Interaction:

OTV*non-City

	4.0473

1.6550

2.5249

5.0723

1.2475
	The model is fitted well with scaled 
[image: image13.wmf]df
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of 1.0029 which is only slightly overdispersed. It identifies that the collision of hitting pedestrian, rearing end and heading on have significantly the highest involvements over 6-year period. The divisions/ districts, excluding cities have higher fatal accidents than cities. The interaction of over-turning vehicle in non-cities is significant (See whole analysis of parameter estimates in Appendix table- 5.3.5).

	6
	Fatal Accident 

by 

Collision 

and by 

National

highway
	Fatal Accident 


	Year, 

Collision 

and 

National

highway

link
	Collision Type:

No

Highway link:

No
Interaction:

No

	
	The model is fitted well with scaled 
[image: image14.wmf]df

2

c

of 0.8744 which is only slightly underdispersed. It identifies that no collision, no national highway link and no interaction are significant (See whole analysis of parameter estimates in Appendix table- 5.3.5).


Table-5.3: Summary of Poisson Models of Fatal Accidents by Collision and by Location
The predominant fatal collision accident on any road (mainly national highways) and in either an urban or rural locality is a vehicle hitting pedestrian. Following fatal hitting pedestrian accidents, heading on, rearing end and overturning are the other main collisions which account for a high proportion of fatal collision accidents in the rural localities. Again, half of all fatal accidents being collisions where a vehicle hits pedestrian(s) are evident in all divisions/ Districts and cities. 

Fatal accidents by junction type and by location are modelled at next section (5.4).
Section- 5.4
Modelling of Fatal Accidents by Junction Type and by Location

This section is based on modelling of frequencies of fatal accidents by junction type, 2002-2007. The fatal accidents by junction type and by road environment/ locality, road class, division (excluding city)/ city, district (excluding city)/ city and cities-non-cities are modelled. The five models are summarised in the following table (5.4):
	#
	Poisson

Model
	Dependent

Variable


	Predictor
Variable

Type
	Significant (p<=0.05)

Coefficients
	Comment

	
	
	
	
	Variable
	Value
	

	01
	Fatal Accident

by 

Junction

and 

by 

Locality
	Fatal Accident


	Year, 

Junction

and 

Locality
	Junction Type:

Not at Junction

Cross 

Tee 

Off-set Tee 

Roundabout

Railway Cross

Locality Type:

Urban

Interaction:

Cross*Urban

Rounda*Urban
	2.2109

-1.2811

-0.5899

-2.2390

-3.7896

-4.8882

-2.1588

1.0113

2.2437
	The model is fitted well with scaled 
[image: image15.wmf]df
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of 1.0520 which is only slightly overdispersed. All junctions having the significant involvements are more than railway crossing, except not at junction which is the most dangerous. Urban locality is less dangerous than rural.  The only significant interaction as cross junction at urban makes accidents more likely. The interaction as roundabout at urban is slightly significant but having big +ve coefficient (See whole analysis of parameter estimates in Appendix table- 5.4.1).

	02
	Fatal Accident 

by 

Junction

and 

by 

Road
	Fatal Accident 


	Year, 

Junction

and 

Road
	Junction Type:

Not at Junction

Tee 

Off-set Tee 

Railway Cross

Road Class:

National HW

Interaction:

Not at Junc*Rural

Cross*National

Cross*Regiona

Cross*Feeder

Cross*Rural

Tee*National

Tee*Regional

Tee*Feeder

Tee*Rural

Round*National
	2.3775

0.6645

-1.7762

-2.6741

1.2893

-0.9377

-1.1674

-1.6770

-1.3808

-2.3121

-1.1314

-1.1628

-1.2760

-1.4206

-2.6630
	The model is fitted well with scaled 
[image: image16.wmf]df
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of 1.0384 which is only slightly overdispersed. It identifies that the junctions as not at junction, tee and Cross; the road class as national highways have significantly the highest involvement over 6-year period. The interaction as not at junction in rural road has the highest involvement (See whole analysis of parameter estimates in Appendix table- 5.4.2).

	03
	Fatal Accident 

by Junction

and 

by 

Division/ City
	Fatal Accident 


	Year, 

Junction

and 

Division/

City
	Junction Type:

Not at Junction

Division/ City:

Chittagong EC

Sylhet

Dhaka EC

Khulna EC

Rajshahi EC

Chittagong City
Khulna City

Interaction:

No
	2.1712

3.9433

2.9619

2.0996

2.1328

3.2259

-2.0296

-2.2490
	The model is fitted with scaled 
[image: image17.wmf]df

2
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of 1.4154 which is overdispersed. It indicates that not at junction has only significant involvement and this is the highest. Chittagong division (excluding city) has the highest and Khulna city has the lowest involvement based in Rajshahi City. Cities have lower fatalities than divisions, excluding cities. The significant interactions are absent (See whole analysis of parameter estimates in Appendix table- 5.4.3).

	04
	Fatal Accident 

by Junction

and 

by 

District/ City
	Fatal Accident 


	Year, 

Junction

and 

District/ 

City
	Junction Type:

Not at Junction

Cross 

Tee 

Off-set Tee 

Roundabout

Railway Cross

District/ City:

Chittagong DEC

Sylhet

Rangamati

Bandarban

Naogaon

Mymensingh

Hobiganj

Faridpur

Tangail

Gazipur

Comilla

Moulavibazar

Sirajganj

Jhenaidah

Khagrachhari

Rangpur

Pabna

Sunamganj

Rajshahi DEC

Bogra

Manikganj

Kishoreganj

Dinajpur

Feni

Gopalganj

Noakhali

Cox's Bazar

Jessore

Munshiganj

Narayanganj

Jamalpur

Chaudanga

Shariatpur

Kushtia

Dhaka City 

Jhalkati

Maherpur

Pirojpur

Narail

Chittagong City 

Khulna City
	2.1881

-0.7584

-0.2668

-2.0263

-2.6844

-4.0593

1.7656

1.6986

1.6432

1.4393

1.2319

1.1872

1.1050

1.0991

1.0825

1.0096

0.9398

0.9371

0.9133

0.9027

0.8717

0.8548

0.7741

0.7289

0.7009

0.6545

0.6190

0.6069

0.5590

0.5454

0.5436

0.5306

0.4738

0.4640

0.4296

0.4280

-0.5422

-0.6083

-0.7188

-0.7638

-0.8195

-0.9201

-0.9841

-1.1189

-1.2621

-1.7862

-2.7754
	This model is fitted with scaled 
[image: image18.wmf]df
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of 1.1810 which is over dispersed. Not at junction and railway crossing are having the highest and the lowest involvements respectively. 41 out 68 districts (excluding cities)/ cities are significant based in Thakurgaon. 30 of them have +ve coefficients and remaining 11 have –ve coefficients. The cities of Dhaka, Chittagong and Khulna have lower involvement significantly than districts (excluding cities). 

(See whole analysis of parameter estimates in Appendix table- 5.4.4).

	05
	Fatal Accident

by 

Junction

and 

by 

Cities/

non-cities
	Fatal Accident


	Year, 

Junction

and 

City/ non-city
	Junction Type:

Not at Junction

Cross 

Tee 

City-non-city:

Non-cities

Interaction:

Cross*Non-Cities

Tee*Non-Cities Rounda*Non-Cities
	2.8518

0.7677

1.1635

5.3289

-1.7504

-1.1920

-3.1978


	The model is fitted well with scaled 
[image: image19.wmf]df

2

c

of 1.0577 which is only slightly overdispersed. The not at junction and tee junction are having the highest involvement in fatal accidents. Non-cities are more dangerous than cities.  The interaction of cross junction in non-cities has maximum involvement significantly (See whole analysis of parameter estimates in Appendix table- 5.4.5).


Table-5.4: Summary of Poisson Models of Fatal Accidents by Junction Type and by Location

The predominant fatal junction accident on any road and in either an urban or rural locality is a vehicle not at junction accident. Following fatal not at junction accidents, tee, cross and off-set tee are the other main junctions which account for a high proportion of fatal junction accidents in the rural localities. In all divisions and cities, 2/3 of all fatal accidents are not at junction. Most of these fatal junction accidents occur in Chittagong Division, Dhaka division and Rajshahi division, outside of city areas. 

Fatal accidents by time mode and by location are modelled at next section (5.5).
Section- 5.5
Modelling of Fatal Accidents by Time and by Road Environment and Class
This section is based on modelling of frequencies of fatal accidents by time mode, 2004-2007. Fatal accidents by time, day and month and each by locality and road are modelled. The results of six models are summarised in the following table (5.5):
	#
	Poisson

Model
	Dependent

Variable


	Predictor
Variable

Type
	Significant (p<=0.05)

Coefficients
	Comment

	
	
	
	
	Variable
	Value
	

	01
	Fatal Accident

by 

Time

and 

by 

Locality
	Fatal Accident


	Year, 

Time

and 

Locality
	Time:

01-02

05-06

07-08

09-10

11-12

13-14

15-16

17-18

19-20

21-22

Locality Type:

Urban

Interaction:

Urban*01-02

Urban*07-08

Urban*09-10

Urban*11-12

Urban*13-14

Urban*15-16

Urban*17-18

Urban*19-20
	0.6528

0.4771

0.9166

1.0851

1.3214

1.0871

0.8955

0.9902

0.6080

0.4580

-0.7282

-0.5117

-0.3458

-0.4610

-0.5139

-0.5370

-0.6124

-0.5510

-0.3764
	The model is fitted well with scaled 
[image: image20.wmf]df

2

c

of 1.0166 which is only slightly overdispersed. It identifies that the time of 09-10, 11-12 and 13-14 have significantly the highest fatal accidents over 4-year period. All time variables have significant coefficients except 03-04. Urban locality has lower involvement than rural. Interaction terms as urban on 07-08 and 09-10 have higher involvement based on 23-24.

(See whole analysis of parameter estimates in Appendix table- 5.5.1.1)

	02
	Fatal Accident

by 

Time

and 

by 

Road
	Fatal
Accident
	Year, 

Time

and 

Road
	Time:

01-02

05-06

07-08

09-10

11-12

13-14

15-16

17-18

19-20

21-22

Road Class:

National HW

Regional HW

Rural road
Interaction:

03-04*Rural
	0.6637

0.3973

0.7668

1.0083

1.1718

0.9417

0.8566

0.9281

0.4882

0.3466

1.1499

-0.6328

-0.6884

-0.0872
	The model is fitted well with scaled 
[image: image21.wmf]df

2

c

of 0.9954 which is only slightly underdispersed. It identifies that the time 11-12 and 09-10; the national highways have significantly the highest fatal accidents over 4-year period. The only significant interaction is rural road on 03-04 based on 23-24 (See whole analysis of parameter estimates in Appendix table- 5.5.1.2).

	03
	Fatal Accident

by 

Day

and 

by 

Locality
	
	Year, 

Day

and 

Locality
	Day:

No

Locality Type:

Urban

Interaction:

No
	-1.1701
	The model is fitted well with scaled 
[image: image22.wmf]df

2

c

of 1.0113 which is only slightly overdispersed. It identifies that no day is significant over 4-year period. Urban locality has lower significant involvement than rural. No interaction is significant based on Sunday (See whole analysis of parameter estimates in Appendix table- 5.5.2.1).

	04
	Fatal Accident

by 

Day

and 

by 

Road
	Fatal Accident 


	Year, 

Day

and 

Road
	Day:

No

Road Class:

National HW

Rural road
Interaction:

No
	1.0054

-0.7504
	This model is fitted well with scaled 
[image: image23.wmf]df

2

c

of 0.9528 which is only slightly underdispersed. It identifies that no day is significant over 4-year period. National highway has higher significant involvement than other. No interaction is significant based on Sunday (See whole analysis of parameter estimates in Appendix table- 5.5.2.2)

	05
	Fatal Accident

by 

Month

and 

by 

Locality
	Fatal Accident 


	Year, 

Month

and 

Locality
	Month:

No

Locality:

Urban

Interaction:

No
	-1.1888
	This model is fitted well with scaled 
[image: image24.wmf]df

2

c

of 0.9862 which is only slightly underdispersed. It identifies that urban locality is less dangerous over 4-year period. No month is significant and also no interaction is significant based on December (See whole analysis of parameter estimates in Appendix table- 5.5.3.1).

	06
	Fatal Accident

by 

Month

and 

by 

Road
	Fatal Accident 


	Year, 

Month

and 

Road
	Month:

September

Road Class:

National HW

Regional HW

Rural road
Interaction:

No
	-0.1937

0.9734

-0.2781

-0.4622
	This model is fitted well with scaled 
[image: image25.wmf]df

2

c

of 0.9624 which is only slightly underdispersed. It identifies that the month of September; the roads of national highways have significantly the highest involvement in fatal accidents over 4-year period. Here is no significant interaction based on December (See whole analysis of parameter estimates in Appendix table- 5.5.3.2).


Table-5.5: Summary of Poisson Models of Fatal Accidents by Time and by Location
Maximum fatal accidents occur at day time with highest at 08:01-14:00 in either rural or urban localities (rural > urban) or any roads (highest in national highways). Sundays, Fridays and Tuesdays have the highest fatal accidents in either rural or urban localities or any roads. Again, January, March, May, April and December are having the highest fatal accidents either in rural or urban localities or any roads.

There are no traffic fatalities or fatal accidents without vehicles. Involved vehicles at fatal accidents are modelled at Next section (5.6).

Section- 5.6
Modelling of Involved Vehicles by Road and by Collision Type
This section is based on modelling of frequencies of involved vehicles at fatal accidents, 2002-2007. The involved vehicles by type; by vehicle per fatal accident and by road environment/ locality, road class and collision type are modelled. Then, these vehicles by type and by road environment, road class and collision type for single (1) vehicle and multiple (1+) vehicles per accident are modelled. The results of ten models are summarised in the following table (5.6):
	#
	Poisson

Model
	Dependent

Variable


	Predictor
Variable

Type
	Significant (p<=0.05)

Coefficients
	Comment

	
	
	
	
	Variable
	Value
	

	01
	Involved Vehicle

by 

Type

and 

by 

Vehicle

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Vehicle

per

Accident
	Vehicle Type:

Bicycle

Rickshaw

Motorcycle 

Baby-Taxi

Tempo

Microbus

Minibus

Bus

Heavy Truck

Articulated Truck

Oil Tanker

Vehicle per Accident:

Single

Interaction:

Bicycle*Single

Rickshaw*Single

Motorcycle*Single

BabyTaxi*Single

Tempo*Single
	1.1572

1.4315

1.3106

0.5789

0.8033

0.4078

1.2767

2.3017

2.3857

-1.4220

-1.5997

0.5883

-3.2651

-5.4112

-1.1210

-1.1913

-0.7487
	The model is fitted well with scaled 
[image: image26.wmf]df

2

c

of 0.9552 which is only slightly underdispersed. It identifies that vehicles of heavy truck, bus, Rickshaw, Motorcycle and minibus have significantly the highest involvement over 6-year period. Single vehicle per fatal accident has higher involvement than multiple vehicles per fatal accident. The interaction term of tempo in single vehicle per fatal accident is higher significant than other significant terms based on other vehicles (See the whole analysis of parameter estimates in Appendix table- 5.6.1.1).

	02
	Involved Vehicle

by 

Type;

by 

Vehicle

per

accident and by

Locality
	Involved

Vehicle


	Year, 

Vehicle-

Type;
Vehicle

per

accident

and

Locality
	Vehicle Type:

Bicycle

Rickshaw

Motorcycle 

Baby-Taxi

Tempo

Minibus

Bus

Truck

Heavy Truck

Articulated Truck

Oil Tanker

Vehicle per Accident:

Single

Locality:

Urban

Interaction:

Bicycle*Single

Rickshaw*Single

Motorcycle*Single

Baby Taxi*Single

Tempo*Single

Bus*Single
	1.1043

1.1436

1.3118

0.5706

0.8805

1.2509

2.3581

0.5403

2.3884

-1.5174

-1.4507

0.5021

-1.9721

-2.9357

-4.9209

-0.9271

-1.3623

-0.6078

-0.7603
	The model is fitted well with scaled 
[image: image27.wmf]df

2

c

of 0.9559 which is only slightly underdispersed. It identifies that vehicles of heavy truck, bus, Rickshaw, Motorcycle and minibus have significantly the highest involvement over 6-year period. Single vehicle per fatal accident has higher involvement than multiple vehicles per fatal accident Rural locality has larger involvement of vehicles than that in urban. The interaction term of tempo in single vehicle per fatal accident is higher significant than other significant terms. No two-way classified interactions of vehicle type by locality and vehicle per fatal accident by locality; three-way classified interactions of vehicle type by vehicle per FA and by locality are significant (See the whole analysis of parameter estimates in Appendix table- 5.6.1.2).

	03
	Involved Vehicle

by 

Type;

by 

Vehicle

per

accident and by

Road
	Involved

Vehicle


	Year, 

Vehicle-

Type;

Vehicle

per

accident

and

Road
	Vehicle Type:

Bicycle

Rickshaw

Motorcycle 

Minibus

Bus

Heavy Truck

Vehicle per Accident:

Single

Road Class:

National highway

Rural road

Interaction:

Regional HW*Single

Bicycle*Single

Motorcycle*Single

Baby Taxi*Single

National *Rickshaw National *Bus

National *Hev Truck Regional *Rickshaw Regional *Car

Feeder *Tempo Feeder *Car

Rural * Motorcycle Rural *Tempo

Rural *Tractor
	0.8786

2.0607

0.7115
1.2993

1.8341

2.0320

0.9946

1.0831

-1.0445

-0.7822

-3.7827

-1.5054

-1.0144

-0.7732

0.8867

0.6547

-0.9345

-1.4168

1.2654

-1.4469

1.1316

1.4092

3.3471
	The model is fitted well with scaled 
[image: image28.wmf]df

2

c

of 1.0399 which is only slightly underdispersed. It identifies that vehicles of heavy truck, bus, Rickshaw and minibus have significantly the highest involvement over 6-year period. Single vehicle per fatal accident has higher involvement than multiple vehicles per fatal accident. National highways have larger involvement of vehicles than any roads. The interaction term of tempo in single vehicle per fatal accident is higher significant than other significant terms. No three-way classified interactions of vehicle type by vehicle per FA and by road are significant (See the whole analysis of parameter estimates in Appendix table- 5.6.1.3).

	04
	Involved Vehicle

by 

Type;

by 

Vehicle

per

accident and by

Collision
	Involved

Vehicle


	Year, 

Vehicle-

Type;

Vehicle

per

accident

and

Collision
	Vehicle Type:

Bicycle

Bus

Heavy Truck

Vehicle per Accident:

Single

Collision Type:

Head on 

Rear end

Side swipe

Interaction:

Head on*Single

Rear end*Single

Side swipe*Single

HOPV*Single

Hit pedestrian*Single

Bicycle*Single

Rickshaw*Single 

Oil tanker*Single

Head on*Motorcycle 
Head on*Tempo

Head on*Minibus 
Head on*Bus

Head on*Hev truck 
Rear end*Rickshaw 

Side swipe*Minibus
Oil tanker*HO*Single 

Bicycle*RE*Single 

Oil tanker*RE*Single 

Bicycle*SS*Single 

Car*SS*Single

Oil tanker*SS*Single 

Bicycle*OTV*Single 
Oil tanker*OTV*Single Bicycle*HOPV*Single Car*HOPV*Single
	1.1527

1.6422

1.7918

1.2528

2.7983

2.9223

1.8056

-5.8428

-4.7140

-4.1569

-2.4399

2.4196

-21.4054

-3.8918

-18.4609

1.3159

2.2256

2.2056

1.2201

0.9922

1.2276

2.0552

20.5661

19.2831

20.5359

20.7353

3.7106

19.8610

17.3363

17.3876

19.8200

3.1723
	The model is fitted well with scaled 
[image: image29.wmf]df

2

c

of 0.9552 which is only slightly underdispersed. It identifies that vehicles of heavy truck, bus, and bicycle have significantly the highest involvement in fatal accidents over 6-year period. Single vehicle per fatal accident has higher involvement than multiple vehicles per fatal accident. Heading on and rearing end have larger involvement than any collision. The interaction term of rickshaw in single vehicle per fatal accident is higher significantly than other; hitting pedestrian in single vehicle per fatal accident is the highest significantly; heading on is higher for tempo than other significantly (See the whole analysis of parameter estimates in Appendix table- 5.6.1.4).

	05
	Involved Vehicle

by 

Type

and 

by 

Locality

in

Single

Vehicle

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Locality
	Vehicle Type:

Bicycle

Rickshaw

Baby-Taxi

Microbus

Minibus

Bus

Heavy Truck

Articulated Truck

Oil Tanker

Locality:

Urban

Interaction:

Motorcycle*Urban

Tempo*Urban

Bus*Urban

Truck*Urban
	-1.8314

-3.7773

-0.7917

0.4654

1.2622

2.4535

2.0211

-2.5536

-1.8.33

-1.7363

-1.2578

-1.4129

-0.7045

-1.2745
	The model is fitted well with scaled 
[image: image30.wmf]df

2

c

of 0.9446 which is only slightly underdispersed. It identifies that the vehicle of bus, heavy truck, minibus and microbus have significantly the highest involvement in fatal accidents over 6-year period. Urban locality has lower involvement of vehicles than rural. The interaction of bus in urban locality is higher significant than other significant terms based on other vehicles (See whole analysis of parameter estimates in Appendix table- 5.6.2.1).

	06
	Involved Vehicle

by 

Type

and 

by 

Road

in

Single

Vehicle

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Road
	Vehicle Type:

Bicycle

Minibus

Bus

Jeep

Truck

Heavy Truck

Articulated Truck

Oil Tanker

Tractor

Road Class:

National HW

Regional HW

Feeder

Rural

Interaction:

Motorcycle*Regio

Motorcycle *Feed

Motorcycle *Rural

Tempo*Feeder

Tempo*Rural

Bus*National

Jeep*Rural

Truck*National

Truck*Regional

Truck*Feeder

Truck*Rural

Tractor*Feeder

Tractor*Rural
	-2.9042

1.4589

1.9361

-1.2947

-1.2947

1.9161

-1.0716

-1.5824

-2.9042

0.6111

-0.5892

-0.5588

-0.8484

1.3967

1.8329

1.7827

1.8466

1.6312

0.6971

2.0722

1.4301

1.4646

2.1377

1.9132

3.2500

3.7662
	The model is fitted well with scaled 
[image: image31.wmf]df

2

c

of 1.0656 which is only slightly overdispersed. It identifies that the vehicle of bus, heavy truck, minibus and car have significantly the highest involvement in fatal accident over 6-year period. The national highways are more dangerous significantly than any other roads. The interaction terms of tractor in feeder and rural roads, of truck in feeder roads and jeep in rural roads have higher significances based on other vehicles (See the whole analysis of parameter estimates in Appendix table- 5.6.2.2).

	07
	Involved Vehicle

by 

Type

and 

by 

Collision

in

Single

Vehicle

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Collision
	Vehicle Type:

Bicycle

Minibus

Bus

Heavy Truck

Oil Tanker

Collision Type:

Head on

Rear end

Side swipe

Overturned Vehicle

Hit pedestrian

Interaction:

Rear end*Bicycle Side swipe*Bicycle OverturnV*Bicycle HOPV*Bicycle

RE*Motorcycle

OTV*Tempo

HOPV*Tempo

RE*Microbus

SS*Microbus

HOPV*Microbus

SS*Bus

HOPV*Bus

HOPV*Car

HOPV*Pick-up

OTV*Truck

HO*Heavy Truck

RE*HeavyTruck OTV*HeavTruck HOPV*Heavy Truck

HO*Oil Tanker 
RE*Oil Tanker 
SS*Oil Tanker 
OTV*Oil Tanker HOPV*Oil Tanker

Hit pedestria*Tractor
	-21.2523

1.2993

2.2637

1.2595

-21.2523

-3.0445

-1.7918

-2.3514

1.0245

3.3020

20.6927

21.2523

17.8764

19.7482

2.4849

1.3321

1.6458

2.3179

3.1186

2.0665

1.9847

1.1074

2.4960

2.2336

1.1865

2.7658

2.2062

1.1422

1.8213

21.9454

21.7913

21.9454

19.4858

20.4413

-1.0878
	The model is fitted well with scaled 
[image: image32.wmf]df

2

c

of 1.1458 which is overdispersed. It identifies that the vehicle of bus, minibus, heavy truck and tractor have significantly the highest involvement in fatal accidents over 6-year period. The collision of hitting pedestrian and overturning vehicle are having higher significant involvement than any collision. The interaction of tractor by hitting pedestrian has the lowest significant involvement. The side swiping and hitting object or parked vehicle of buses is significant based on other vehicles (See the whole analysis of parameter estimates in Appendix table- 5.6.2.3).

	08
	Involved Vehicle

by 

Type

and 

by 

Locality

in

Multiple

Vehicles

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Locality
	Vehicle Type:

Bicycle

Rickshaw

Motorcycle

Baby-Taxi

Tempo

Microbus

Minibus

Bus

Jeep

Truck

Heavy Truck

Articulated Truck

Oil Tanker

Locality:

Urban

Interaction:

Tempo*Urban Microbus*Urban Bus*Urban Truck*Urban 

Heavy Truck*Urban
	1.1043

1.1436

1.3118

0.5706

0.8805

0.4906

1.2509

2.3581

-0.7576

0.5403

2.3884

-1.5174

-1.4507

 -1.9719

-0.8436

-0.9778

-0.7603

-1.0275

-0.5467
	The model is fitted well with scaled 
[image: image33.wmf]df

2

c

of 0.9680 which is only slightly underdispersed. It identifies that the vehicle of heavy truck, bus, motorcycle, minibus and rickshaw have significantly the highest involvement in fatal accidents over 6-year period. The urban locality is less dangerous than rural. The all significant interactions are negative. No interaction with non-motorised vehicle is significant based on other vehicles (See the whole analysis of parameter estimates in Appendix table- 5.6.3.1).

	09
	Involved Vehicle

by 

Type

and 

by 

Road

in

Multiple

Vehicles

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Road
	Vehicle Type:

Bicycle

Rickshaw

Motorcycle

Baby-Taxi

Minibus

Bus

Car

Heavy Truck

Oil Tanker

Tractor

Road Class:

National HW

Rural

Interaction:

Rickshaw*National HW
Rickshaw*Regional HW
Rickshaw*Feed

Tempo*Feeder

Tempo*Rural

Microbus*National
Bus*National

Car*Regional

Car*Feeder

Heavy Truck*National
Tractor*Rural
	0.8786

2.0607

0.7115

0.6360

1.2993

1.8341

0.6360

2.0320

-2.6027

-2.6027

1.0831

-1.0445

-0.7732

-0.9345

-0.7181

1.2654

1.4092

1.0687

0.8267

-1.4168

-1.4469

0.6547

3.3471
	The model is fitted well with scaled 
[image: image34.wmf]df
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of 0.9787 which is only slightly underdispersed. It identifies that the vehicle of rickshaw, heavy truck, bus, minibus and bicycle have significantly the highest involvement in fatal accidents over 6-year period. The national highways and rural roads are significant. The interactions of tractor in rural road; tempo in rural road; microbus, bus and heavy truck in national highways are higher significant than any based on other vehicles based on other vehicles (See the whole analysis of parameter estimates in Appendix table- 5.6.3.2).

	10
	Involved Vehicle

by 

Type

and 

by 

Collision

in

Multiple

Vehicles

per

accident
	Involved

Vehicle


	Year, 

Vehicle-

type

and 

Collision
	Vehicle Type:

Bicycle

Bus

Heavy Truck

Collision Type:

Head on

Rear end

Side swipe

Hit pedestrian 

Interaction:

Motorcycle*HO Motorcycle*SS Baby-Taxi*HO Tempo*HO 
Minibus*HO Minibus*SS 

Bus*HO 

Heavy Truck*HO
Heavy Truck*SS
	1.1527

1.6422

1.7918

2.7983

2.9223

1.8056

0.8824

1.3159

1.2294

3.1882

2.2256

2.2056

2.0552

1.2201

0.9922

0.9245
	The model is fitted well with scaled 
[image: image35.wmf]df

2

c

of 1.1923 which is overdispersed. It identifies that the vehicle of heavy truck, bus, bicycle, rickshaw and motorcycle have significantly the highest involvement in fatal accidents over 6-year period. The collision of rearing end and heading on are highly significant. The interactions of heading on and side swiping with motorcycle, baby-taxi, tempo, minibus, bus and heavy truck are only significant based on other vehicles (See whole analysis of parameter estimates in Appendix table- 5.6.3.3).


Table-5.6: Summary of Poisson Models of Involved Vehicles by Type and by Road Environment and Class
The predominant involved vehicles (in fatal accident) as heavy trucks, buses and minibuses are over-represented; jeep, baby-taxi and tempo are to a lesser degree. The involvement of buses and heavy vehicles (heavy truck, truck, artic truck and oil tanker) account larger in fatal single vehicle accidents than that in fatal multiple vehicles accidents. Hitting pedestrian, overturning vehicle and rear ending are main collisions in fatal single vehicle accidents on any road and in either an urban or rural locality. Heading on and rearing end are main collisions in fatal multiple vehicle accidents on any road and in either an urban or rural locality.
This chapter is concluded at next section (5.7).
Section- 5.7
Conclusion

Traffic fatal accidents, fatalities and involved vehicles have been modelled in this chapter. The main key findings are as follows:

Traffic fatalities are modelled based on travel mode (Pedestrian, Passenger, Driver, Motorcyclist and All Road User) by age and by gender or alcohol-drinking or helmet-wearing. Persons who are killed as the result of a traffic accident are predominantly young pedestrians, adult pedestrians and passengers.

Fatal accidents are modelled based on collision type and junction type, each by locality, road, division/ city and district/ city. Fatal accidents mainly occur on national highways. Predominantly, fatal accidents involve vehicles hitting pedestrians. The highest number of fatalities per fatal accident occurs when vehicle collide head on. Again, fatal accidents are modelled based on time mode (time, day and month) by locality and road. Maximum fatal accidents occur at day time in either rural or urban localities or any roads. Sundays, Fridays and Tuesdays have the highest fatal accidents in either rural or urban localities or any roads. Again, January, March, May, April and December are having the highest fatal accidents either in rural or urban localities or any roads. 
Involved vehicles at fatal accidents are modelled based on type by road environment/ locality, road class and collision type in single/ multiple vehicle(s) per accident. The greatest numbers of fatal accidents by far involve heavy trucks and buses. Fatal accidents are more likely to involve multiple fatalities in sites with a high proportion of ‘cross-centreline’ or off-road type accidents resulting from dangerous overtaking and/ or over-speeding.

Therefore, policies aimed at reducing traffic accidents and casualties should be applied with caution. In terms of traffic accidents and casualties, remedial measures should be targeted at individual and location levels.

The Research is concluded with discussions and recommendations at next chapter (6).
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