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Abstract:
 

Long-distance
 

passenger
 

lines
 

exceeding
 

800
 

kilometers
 

are
 

a
 

crucial
 

component
 

of
 

highway
 

passenger
 

transport.
 

This
 

paper
 

analyzes
 

the
 

causes
 

of
 

traffic
 

accidents
 

on
 

long-distance
 

passenger
 

routes
 

exceeding
 

800
 

kilometers
 

from
 

2014
 

to
 

2020.
 

This
 

paper
 

conducts
 

a
 

causal
 

analysis
 

and
 

researches
 

accident-prone
 

scenarios
 

for
 

long-distance
 

passenger
 

lines
 

exceeding
 

800
 

km.
 

It
 

selects
 

key
 

characteristics
 

to
 

establish
 

an
 

index
 

system
 

based
 

on
 

human
 

factors,
 

road
 

conditions,
 

and
 

the
 

environment.
 

This
 

paper
 

analyzes
 

the
 

characteristics
 

of
 

humans,
 

roads,
 

and
 

the
 

environment
 

in
 

the
 

traffic
 

system
 

when
 

accidents
 

occur.
 

The
 

Decision
 

Tree
 

model
 

is
 

utilized
 

to
 

investigate
 

the
 

internal
 

relationships
 

among
 

key
 

factors
 

in
 

accident
 

scenarios,
 

such
 

as
 

operating
 

time,
 

human
 

factors,
 

weather,
 

quarter,
 

accident
 

region,
 

holidays,
 

spring
 

transportation,
 

road
 

alignment,
 

and
 

road
 

condition.
 

The
 

results
 

show
 

that
 

the
 

run
 

time,
 

human
 

factors,
 

and
 

weather
 

conditions
 

are
 

important
 

influencing
 

factors
 

for
 

accidents
 

on
 

long-distance
 

passenger
 

lines
 

over
 

800
 

km.
 

They
 

have
 

a
 

coupling
 

relationship
 

with
 

factors
 

such
 

as
 

quarter,
 

accident
 

region,
 

road
 

alignment,
 

and
 

road
 

con-
dition.

 

Holidays,
 

spring
 

transportation,
 

highway
 

technical
 

grade,
 

and
 

highway
 

administrative
 

grade
 

are
 

not
 

the
 

important
 

factors
 

affecting
 

the
 

occurrence
 

of
 

accidents
 

on
 

long-distance
 

passenger
 

lines
 

over
 

800
 

km.
 

This
 

paper
 

provides
 

a
 

theoretical
 

basis
 

for
 

re-
ducing

 

the
 

potential
 

for
 

accidents
 

and
 

promoting
 

safety
 

within
 

enterprises
 

operating
 

long-distance
 

passenger
 

lines
 

over
 

800
 

km.
 

In
 

the
 

future,
 

road
 

transport
 

management
 

departments
 

and
 

road
 

transport
 

enterprises
 

should
 

strengthen
 

safety
 

management,
 

standard-
ize

 

drivers’
 

safe
 

driving
 

behavior,
 

and
 

promote
 

defensive
 

driving
 

knowledge
 

in
 

accident-prone
 

situations.
Key
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accident
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and
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cause
 

analysis

0　 Introduction

With
 

the
 

rapid
 

growth
 

of
 

highways,
 

railways,
 

air
 

transports,
 

and
 

other
 

modes
 

of
 

transportation
 

in
 

China,
 

Highway
 

Passenger
 

Transportation
 

has
 

become
 

an
 

essen-
tial

 

part
 

of
 

passenger
 

transport
 

due
 

to
 

its
 

speed
 

and
 

con-
venience.

 

According
 

to
 

the
 

mileage
 

of
 

the
 

operation
 

route,
 

it
 

can
 

be
 

divided
 

into
 

categories
 

based
 

on
 

dis-
tance:

 

less
 

than
 

200
 

km,
 

from
 

200
 

to
 

400
 

km,
 

from
 

400
 

to
 

800
 

km,
 

and
 

over
 

800
 

km.
 

Due
 

to
 

geographical
 

con-
straints,

 

some
 

areas
 

in
 

China
 

only
 

have
 

long-distance
 

passenger
 

lines
 

that
 

are
 

over
 

800
 

km
 

in
 

length.
 

These
 

are
 

referred
 

to
 

as
 

“ 800
 

km
 

Passenger
 

Lines. ”
 

Passenger
 

lines
 

covering
 

800
 

km,
 

however,
 

have
 

characteristics
 

such
 

as
 

long
 

distances,
 

extended
 

travel
 

times,
 

complex
 

road
 

conditions,
 

and
 

a
 

higher
 

likelihood
 

of
 

drivers
 

viola-
ting

 

rules,
 

all
 

of
 

which
 

pose
 

significant
 

security
 

risks.
 

In
 

addition,
 

by
 

the
 

end
 

of
 

2020,
 

there
 

were
 

2
 

855
 

lines
 

in
 

China
 

with
 

an
 

average
 

daily
 

departure
 

frequency
 

of
 

4
 

166
 

times
 

on
 

800
 

km
 

Passenger
 

Lines.
 

These
 

figures
 

account
 

for
 

only
 

1. 9%
 

and
 

0. 5%[1] of
 

all
 

lines,
 

respectively.
 

However,
 

there
 

were
 

1
 

424
 

deaths
 

and
 

2
 

534
 

injuries
 

in
 

273
 

major
 

accidents
 

involving
 

passenger
 

cars
 

from
 

2014
 

to
 

2020.
 

Among
 

them,
 

there
 

were
 

48
 

accidents
 

on
 

800
 

km
 

of
 

passenger
 

lines,
 

resulting
 

in
 

265
 

deaths
 

and
 

730
 

injuries,
 

accounting
 

for
 

18. 6%
 

and
 

28. 8%,
 

respec-
tively.

 

It
 

can
 

be
 

seen
 

that
 

the
 

number
 

of
 

casualties
 

in
 

ac-
cidents

 

on
 

800
 

km
 

Passenger
 

Lines
 

is
 

higher
 

compared
 

to
 

other
 

lines.
 

In
 

fact,
 

the
 

number
 

of
 

accidents
 

on
 

800
 

km
 

passenger
 

lines
 

is
 

6. 4
 

times
 

higher
 

than
 

on
 

other
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lines.
 

The
 

main
 

reasons
 

include
 

long-distance
 

driving,
 

complex
 

environments,
 

safety
 

supervision
 

loopholes,
 

and
 

the
 

predominant
 

use
 

of
 

large
 

and
 

medium-sized
 

buses
 

with
 

high
 

passenger
 

capacity.
 

Therefore,
 

it
 

is
 

easy
 

to
 

cause
 

major
 

casualties
 

when
 

danger
 

occurs.
The

 

Ministry
 

of
 

Transport’ s
  

2020
 

regulations
 

re-
quire

 

road
 

transport
 

management
 

department
 

to
 

conduct
 

risk
 

assessments
 

for
 

applications
 

to
 

operate
 

800
 

km
 

pas-
senger

 

transportation
 

lines.
 

Besides,
 

the
 

research
 

shows
 

that
 

driving
 

risks
 

have
 

significant
 

influence
 

in
 

accident
 

casualty.
 

HSING[2]
 

proved
 

fatigue,
 

not
 

wearing
 

seat
 

belts,
 

distraction,
 

drunk,
 

midnight,
 

dawn,
 

ramp
 

and
 

others
 

which
 

in
 

driving
 

will
 

seriously
 

affect
 

the
 

casualties
 

of
 

passenger
 

car
 

collision.
 

CHANG[3] proved
 

that
 

using
 

restraint
 

equipment
 

can
 

prevent
 

or
 

reduce
 

the
 

injury,
 

which
 

caused
 

by
 

rollover
 

accident
 

in
 

downhill
 

section.
 

It
 

can
 

be
 

seen
 

that
 

the
 

key
 

to
 

the
 

safe
 

operation
 

of
 

800
 

km
 

Passenger
 

Lines
 

is
 

to
 

ensure
 

the
 

safety
 

in
 

line.
Present

 

studies
 

of
 

passenger
 

transport
 

risk
 

mainly
 

fo-
cuses

 

on
 

risk
 

indicators
 

and
 

assessment
 

methods.
 

MO-
RADI[4]

 

describes
 

the
 

characteristics
 

of
 

long-distance
 

cars
 

accidents
 

from
 

passenger
 

gender,
 

road
 

conditions,
 

weather
 

and
 

accident
 

forms.
 

According
 

to
 

the
 

four
 

sub-
systems

 

of
 

participants,
 

vehicles,
 

environment
 

and
 

man-
agement

 

in
 

the
 

transportation
 

system
 

of
 

transportation
 

bu-
ses.

 

ZHU[5]
 

established
 

a
 

hazard
 

identification
 

table
 

of
 

major
 

traffic
 

accidents
 

for
 

transportation
 

buses
 

with
 

30
 

kinds
 

of
 

dangerous
 

sources
 

and
 

7
 

attributes.
 

WANG[6]
 

constructs
 

risk
 

assessment
 

indicators
 

based
 

on
 

human,
 

vehicles,
 

roads
 

and
 

enterprises.
 

In
 

the
 

risk
 

assessment,
 

ZHAO[7]
 

constructs
 

the
 

driving
 

risk
 

assessment
 

model
 

to
 

realize
 

the
 

risk
 

management
 

in
 

vehicle
 

operation.
 

HU[8]
 

evaluated
 

the
 

vehicle
 

operation
 

risk
 

under
 

traffic
 

conges-
tion

 

based
 

on
 

BP
 

neural
 

network.
 

JIN[9]
 

used
 

analytic
 

hierarchy
 

process-extension
 

comprehensive
 

evaluation
 

method
 

to
 

evaluate
 

the
 

risk
 

of
 

operating
 

vehicles
 

in
 

mountainous
 

highway
 

tunnels.
 

While
 

research
 

on
 

risk
 

as-
sessment

 

indicators
 

and
 

methods
 

of
 

passenger
 

transport
 

lines
 

has
 

been
 

extensive,
 

both
 

domestically
 

and
 

interna-
tionally,

 

there
 

is
 

a
 

significant
 

gap
 

in
 

800
 

km
 

Passenger
 

Lines.
 

Therefore,
 

it
 

is
 

necessary
 

to
 

analyze
 

the
 

causes
 

and
 

key
 

factors
 

of
 

800
 

km
 

Passenger
 

Lines
 

accidents,
 

thus
 

to
 

put
 

forward
 

targeted
 

suggestions.

This
 

paper
 

analyzes
 

the
 

key
 

factors
 

of
 

the
 

accident
 

causes
 

on
 

accident
 

data
 

for
 

800
 

km
 

Passenger
 

Lines.
 

And
 

then
 

constructs
 

an
 

index
 

system
 

based
 

on
 

4
 

contribu-
ting

 

factors
 

factors
 

of
 

the
 

traffic
 

system,
 

which
 

is
 

human,
 

vehicles,
 

roads
 

and
 

environment.
 

This
 

paper
 

takes
 

the
 

occurrence
 

form
 

of
 

accidents
 

as
 

the
 

dependent
 

variable,
 

because
 

the
 

force
 

majeure
 

characteristics
 

of
 

less
 

numbers
 

on
 

accidents
 

on
 

800
 

km
 

Passenger
 

Lines,
 

and
 

the
 

elas-
ticity

 

and
 

characteristics
 

of
 

the
 

model
 

are
 

integrated.
 

This
 

paper
 

selects
 

decision
 

tree
 

model
 

to
 

analyze
 

the
 

key
 

causes,
 

coupling
 

effects
 

and
 

importance
 

on
 

driving
 

safety
 

of
 

800
 

km
 

Passenger
 

Lines
 

accidents.
 

The
 

research
 

will
 

be
 

reducing
 

the
 

potential
 

accident
 

occurrence
 

of
 

800
 

km
 

Passenger
 

Lines,
 

which
 

providing
 

basis
 

for
 

enterprise
 

safety
 

prevention
 

and
 

control,
 

and
 

ensuring
 

operation
 

safety
 

at
 

the
 

same
 

time.

1　 Data
 

sources

The
 

accident
 

data
 

of
 

800
 

km
 

Passenger
 

Lines
 

were
 

obtained
 

for
 

follow-up
 

research.
 

48
 

road
 

traffic
 

accidents
 

involving
 

800
 

km
 

Passenger
 

Lines
 

over
 

the
 

years
 

were
 

obtained
 

from
 

the
 

road
 

traffic
 

accident
 

statistics
 

data
 

and
 

relevant
 

accident
 

reports
 

provided
 

by
 

the
 

Ministry
 

of
 

transport,
 

resulting
 

in
 

265
 

deaths
 

and
 

730
 

injuries.
 

The
 

details
 

are
 

seeing
 

for
 

Table
 

1.
 

Moreover,
 

9
 

accident
 

bas-
ic

 

index
 

data
 

such
 

as
 

the
 

region,
 

season,
 

run
 

time
 

and
 

highway
 

technical
 

grade
 

are
 

obtained
 

from
 

the
 

accident
 

report.
 

The
 

information
 

categories
 

and
 

examples
 

are
 

shown
 

in
 

Table
 

2.

Table
 

1　 Accidents
 

details
 

of
 

800
 

km
 

passenger
 

lines
 

from
 

2014
 

to
 

2020

Year
Number

 

of
 

accidents
Proportion

 

of
 

accidents
 

(%)
Number

 

of
 

deaths
Number

 

of
 

injured

2014 13 27 125 188

2015 11 23 64 187

2016 9 19 69 66

2017 9 19 71 187

2018 3 6 25 62

2019 1 2 3 3

2020 2 4 8 37

2
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Table
 

2　 Indicators
 

involved
 

in
 

800
 

km
 

passenger
 

lines
  

accident
 

data
 

and
 

examples

Information
 

category
Examples Information

 

category Examples Information
 

category Examples

Region Northeast Highway
 

technical
 

grade I
 

Highway Road
 

condition Snow
 

and
 

ice

Season Summer Highway
 

administrative
 

grade National
 

Highway Cause
 

of
 

the
 

accident Improper
 

operation

Run
 

time
00:00:00—

00:59:59
Linear

 

condition
 

of
 

road
 

section
　 Straight

 

sections
 

of
 

ex-
pressway

 Holidays
 

or
 

spring
 

festival yes

2　 Index
 

selection

2. 1　 Accident
 

causation
 

index
Road

 

traffic
 

system
 

is
 

a
 

dynamic
 

system[10]
 

com-
posed

 

of
 

human,
 

vehicles,
 

roads
 

and
 

environment.
 

Acci-
dents

 

are
 

usually
 

caused
 

by
 

the
 

imbalance
 

of
 

dynamic
 

system
 

in
 

a
 

certain
 

environment.
 

This
 

paper
 

focusing
 

on
 

the
 

situation
 

of
 

human,
 

vehicles,
 

roads
 

and
 

environment
 

at
 

the
 

time
 

of
 

the
 

accident,
 

the
 

accident
 

characteristic
 

in-
dex

 

of
 

800
 

km
 

Passenger
 

Lines
 

is
 

selected.
 

Based
 

on
 

the
 

4
 

first
 

level
 

indicators
 

of
 

human,
 

vehicle,
 

road
 

and
 

envi-
ronment

 

at
 

the
 

time
 

of
 

accident,
 

the
 

second
 

level
 

index
 

and
 

index
 

system
 

were
 

established
 

through
 

the
 

actual
 

oc-
currence

 

situation.
As

 

the
 

technical
 

performance
 

of
 

vehicles
 

is
 

the
 

ma-
terial

 

basis
 

and
 

directly
 

affects
 

the
 

safe
 

driving
 

of
 

vehi-
cles,

 

so
 

the
 

enterprises
 

attach
 

more
 

importance
 

to
 

it.
 

On-
ly

 

8%
 

of
 

accidents
 

are
 

directly
 

caused
 

by
 

vehicle
 

factors,
 

which
 

does
 

not
 

have
 

the
 

significance
 

of
 

mathematical
 

sta-
tistics.

 

Therefore,
 

this
 

paper
 

eliminates
 

vehicle
 

factors.
 

The
 

indicator
 

system
 

is
 

established
 

based
 

on
 

human,
 

road
 

and
 

environment.
 

The
 

index
 

system
 

is
 

shown
 

in
 

Table
 

3.

Table
 

3　 Characteristic
 

index
 

system
 

of
 

accidents
 

in
 

800
 

km
 

passenger
 

lines

Primary
 

indicators Secondary
 

indicators Category

Human Human
 

factors
　 Improper

 

operation,
 

not
 

maintaining
 

safe
 

distances,
 

overspeed,
 

failure
 

to
 

cede
 

in
 

accordance
 

with
 

regulations,
 

illegally
 

driving
 

on
 

the
 

road,
 

lack
 

of
 

concentration,
 

normal
 

operation

Road

Region
　 Northeast

 

China,
 

North
 

China,
 

East
 

China,
 

South
 

China,
 

Central
 

China,
 

Northwest
 

China,
 

Southwest
 

China

Highway
 

technical
 

grade Expressway,
 

I
 

highway,
 

II
 

highway,
 

III
 

highway

Highway
 

administrative
 

grade National
 

highway,
 

provincial
 

highway,
 

prefectural
 

highway,
 

country

Linear
 

condition
 

of
 

road
 

section
　 Straight

 

sections
 

of
 

expressway,
 

curve,
 

straight
 

sections
 

of
 

ordinary
 

roads,
 

intersections,
 

straight
 

sections
 

of
 

tunnel,
 

straight
 

sections
 

of
 

bridges

Road
 

condition Stagnant
 

water,
 

slippery,
 

dry,
 

wet,
 

snow
 

and
 

ice

Environmental

Quarter Spring,
 

summer,
 

autumn,
 

winter

Weather
 

situation Sunny,
 

cloudy,
 

overcast,
 

foggy,
 

rainy,
 

snow
 

and
 

ice,
 

others

Holiday
 

situation Holidays,
 

non-holidays

Spring
 

festival
 

transport Spring
 

festival
 

transport,
 

non-spring
 

festival
 

transport.

Run
 

time
[0,1),[1,2),[2,3),[3,4),[4,5),[5,6),[ 6,7),[ 7,8),[ 8,9),[ 9,10),[ 10,11),
[11,12),[12,13),[13,14),[14,15),[15,16),[16,17),[17,18),[18,19),[19,20),
[20,21),[21,22),[22,23),[23,24)

　 　 It
 

can
 

be
 

seen
 

from
 

table
 

3
 

that
 

drivers
 

are
 

the
 

main
 

participants
 

in
 

the
 

operation
 

of
 

800
 

km
 

Passenger
 

Lines.
 

The
 

mistakes
 

that
 

caused
 

by
 

drivers’
 

cognitive
 

and
 

be-
havioral

 

errors
 

and
 

make
 

them
 

unable
 

to
 

complete
 

tasks
 

accurately,
 

properly
 

and
 

fully
 

are
 

attributed
 

to
 

human
 

er-
rors.

 

Therefore,
 

Driver’s
 

mistakes
 

in
 

driving
 

usually
 

re-

sult
 

in
 

both
 

cognitive
 

and
 

behavioral
 

errors.
 

Thus,
 

the
 

driver’s
 

errors
 

in
 

accidents
 

are
 

collectively
 

referred
 

to
 

as
 

human
 

factors.
 

As
 

most
 

of
 

the
 

accidents
 

are
 

caused
 

by
 

drivers,
 

the
 

human
 

factors
 

are
 

classified
 

into
 

7
 

catego-
ries,

 

such
 

as
 

improper
 

operation,
 

not
 

maintaining
 

safe
 

distances,
 

etc.

3
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The
 

road
 

index
 

includes
 

5
 

secondary
 

indexes,
 

such
 

as
 

accident
 

region,
 

highway
 

technical
 

grade,
 

highway
 

administrative
 

grade,
 

linear
 

condition
 

of
 

road
 

section
 

and
 

road
 

condition.
 

According
 

to
 

the
 

division
 

of
 

China’s
 

geo-
graphical

 

regions,
 

the
 

accident
 

places
 

are
 

divided
 

into
 

7
 

categories,
 

such
 

as
 

Northeast
 

China,
 

North
 

China,
 

East
 

China,
 

South
 

China,
 

Central
 

China,
 

Northwest
 

China
 

and
 

Southwest
 

China.
 

The
 

highway
 

is
 

divided
 

into
 

4
 

cat-
egories

 

according
 

to
 

the
 

national
 

standards
 

and
 

adminis-
trative

 

standards.
 

According
 

to
 

the
 

accident
 

coverage
 

type,
 

the
 

section
 

linearity
 

can
 

be
 

divided
 

into
 

6
 

catego-
ries,

 

such
 

as
 

straight
 

sections
 

of
 

expressway,
 

curve,
 

straight
 

sections
 

of
 

ordinary
 

roads,
 

intersections,
 

straight
 

sections
 

of
 

tunnel
 

and
 

straight
 

sections
 

of
 

bridges.
 

Ac-
cording

 

to
 

the
 

road
 

surface
 

state,
 

the
 

road
 

condition
 

can
 

be
 

divided
 

into
 

5
 

categories,
 

such
 

as
 

stagnant
 

water,
 

slippery,
 

dry,
 

wet,
 

snow
 

and
 

ice.
Environmental

 

indicators
 

include
 

5
 

secondary
 

indi-
cators:

 

season,
 

holiday
 

situation,
 

spring
 

festival
 

trans-
port,

 

run
 

time
 

and
 

weather
 

condition.
 

The
 

seasons
 

are
 

divided
 

into
 

spring,
 

summer,
 

autumn
 

and
 

winter.
 

Holi-
day

 

situations
 

are
 

divided
 

into
 

holidays
 

and
 

non-holi-
days.

 

Spring
 

festival
 

transports
 

are
 

divided
 

into
 

spring
 

festival
 

transport
 

and
 

non-spring
 

festival
 

transport.
 

The
 

run
 

time
 

is
 

divided
 

into
 

24
 

sections
 

according
 

to
 

the
 

hour,
 

such
 

as
 

[0,1],
 

which
 

represents
 

00:00:00-00:
59:59.

 

The
 

weather
 

conditions
 

are
 

divided
 

into
 

7
 

catego-
ries,

 

including
 

sunny,
 

cloudy,
 

overcast,
 

foggy,
 

rainy,
 

others,
 

snow
 

and
 

ice.
 

2. 2　 Form
 

of
 

accident
The

 

form
 

of
 

traffic
 

accident
 

is
 

the
 

specific
 

situation
 

that
 

the
 

conflict
 

among
 

the
 

participants
 

of
 

traffic
 

accident
 

or
 

their
 

own
 

out
 

of
 

control.
 

The
 

accident
 

is
 

not
 

only
 

caused
 

by
 

the
 

imbalance
 

of
 

an
 

independent
 

link,
 

but
 

also
 

the
 

result
 

of
 

multiple
 

factors.
 

Traffic
 

accidents
 

are
 

formed
 

by
 

the
 

coupling
 

of
 

many
 

factors
 

including
 

human,
 

vehi-
cles,

 

roads
 

and
 

environment
 

through
 

single
 

or
 

multiple
 

factors.
 

Each
 

factor
 

also
 

contains
 

different
 

sub
 

factors,
 

leading
 

to
 

the
 

final
 

appearance
 

of
 

various
 

traffic
 

acci-
dents.

According
 

to
 

the
 

law
 

of
 

vehicle
 

motion
 

and
 

contact,
 

the
 

accident
 

forms
 

are
 

divided
 

into
 

6
 

categories:
 

rollover,
 

scratch,
 

collision,
 

collision
 

fixture,
 

rear
 

end
 

collision
 

and
 

falling.
 

According
 

to
 

the
 

data
 

in
 

Table
 

4,
 

among
 

the
 

accidents
 

of
 

800
 

km
 

Passenger
 

Lines,
 

the
 

most
 

frequent
 

accidents
 

are
 

collision
 

accidents,
 

followed
 

by
 

rollover
 

ac-
cidents.

 

The
 

largest
 

number
 

of
 

deaths
 

in
 

a
 

single
 

acci-
dent

 

is
 

vehicle
 

falling
 

accidents,
 

followed
 

by
 

collision
 

ac-
cidents.

 

Since
 

the
 

conflict
 

between
 

scratch
 

accidents
 

and
 

collision
 

with
 

fixed
 

objects
 

is
 

relatively
 

simple,
 

the
 

casu-
alties

 

of
 

single
 

accident
 

of
 

them
 

are
 

the
 

least.
 

The
 

largest
 

number
 

of
 

humans
 

injured
 

in
 

a
 

single
 

accident
 

are
 

roll-
over

 

and
 

collision.
 

Once
 

the
 

vehicle
 

falling
 

accident
 

oc-
curs,

 

the
 

probability
 

of
 

survival
 

is
 

low,
 

so
 

the
 

minimum
 

number
 

of
 

injured
 

is
 

vehicle
 

falling
 

accident.
 

It
 

can
 

be
 

seen
 

that
 

different
 

accident
 

forms
 

affect
 

the
 

severity
 

of
 

casualties.
 

Therefore,
 

when
 

the
 

accident
 

cannot
 

be
 

avoi-
ded,

 

the
 

driver
 

should
 

choose
 

the
 

accident
 

form
 

with
 

low
 

casualties
 

to
 

minimize
 

the
 

loss.
Table

 

4　 Casualties
 

of
 

different
 

accident
 

patterns

Accident
 

pattern
Number

 

of
 

accidents
Death

 

toll
Number

 

of
 

injured

Death
 

toll
 

of
 

single
 

accident

Number
 

of
 

injured
 

in
 

a
 

single
 

accident

Rollover 18 90 290 5 16. 1

Scratch 1 3 5 3 5

Collision 23 226 368 9. 8 16

Collision
 

fixture 1 3 10 3 10

Rear
 

end
 

collision 4 17 53 4. 3 13

Falling 1 26 4 26 4

3　 Accident
 

characteristic
 

model

3. 1　 Model
 

selection
Decision

 

tree
 

is
 

a
 

common
 

classification
 

regression
 

algorithm,
 

which
 

represents
 

the
 

mapping
 

relationship
 

be-
tween

 

object
 

attributes
 

and
 

object
 

values[11-12] . The
 

mod-
el

 

is
 

composed
 

of
 

multi-layer
 

nodes
 

and
 

branches.
 

Through
 

quantitative
 

evaluation
 

criteria,
 

an
 

object
 

attrib-
ute

 

is
 

selected
 

from
 

the
 

sample
 

set
 

as
 

the
 

current
 

node
 

splitting
 

standard,
 

and
 

the
 

sub
 

nodes
 

are
 

generated
 

re-
cursively.

 

The
 

branches
 

of
 

each
 

node
 

represent
 

the
 

ob-
jects

 

that
 

meet
 

the
 

conditions
 

of
 

the
 

node.
 

Due
 

to
 

the
 

difference
 

of
 

quantitative
 

evaluation
 

criteria
 

for
 

feature
 

selection,
 

there
 

are
 

different
 

decision
 

tree
 

algorithms,
 

such
 

as
 

ID3,
 

CART
 

and
 

C4. 5[13] .
Among

 

them,
 

CART
 

decision
 

tree
 

algorithm
 

is
 

wide-
ly

 

used.
 

It
 

uses
 

Gini
 

to
 

judge
 

the
 

possibility
 

of
 

unreason-
able

 

data
 

classification
 

results[14] ,
 

which
 

indicates
 

the
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impure
 

data
 

set.
 

The
 

lower
 

the
 

Gini
 

index
 

is,
 

the
 

higher
 

the
 

purity
 

is.
 

The
 

model
 

finds
 

the
 

partition
 

point
 

with
 

higher
 

data
 

purity
 

by
 

judging
 

the
 

Gini
 

index.
 

See
 

Formu-
la

 

1[15]
 

for
 

the
 

calculation
 

of
 

Gini
 

index.
 

Compared
 

with
 

other
 

algorithms,
 

CART
 

has
 

high
 

speed
 

and
 

high
 

accura-
cy.

 

In
 

addition,
 

its
 

overall
 

structure
 

is
 

obvious,
 

easy
 

to
 

understand
 

and
 

extract
 

important
 

feature
 

attributes.
 

Therefore,
 

CART
 

algorithm
 

is
 

selected
 

to
 

analyze
 

the
 

key
 

indicators
 

and
 

important
 

scenarios
 

of
 

800
 

km
 

Passenger
 

Lines.

Gini(p) = ∑
K

k = 1
pk(1 - pk) = 1 - ∑

K

k = 1
p2
k, (1)

Where,
 

pk
 is

 

the
 

probability
 

that
 

the
 

selected
 

sample
 

be-
longs

 

to
 

class
 

k;
 

(1-pk)
 

is
 

the
 

probability
 

that
 

the
 

sam-
ple

 

is
 

misclassified.
3. 2　 Model

 

establishment
 

and
 

index
 

input
3. 2. 1　 Model

 

establishment
Call

 

sksklearn
 

tree
 

of
 

DecisionTreeClassifier
 

in
 

Python
 

to
 

implements
 

decision
 

tree
 

model
 

algorithm.
 

Call
 

com-
pute_ feature_ importances

 

to
 

judges
 

the
 

attribute
 

impor-
tance

 

of
 

the
 

index
 

object
 

in
 

the
 

model.
 

See
 

formula
 

2[16-18]
 

for
 

the
 

judgment
 

principle.

Ii =
Nc

N
× [pim -

Ncr

Nc

× pim -
Ncl

Nc

× piml],
 

(2)

Where,
 

Ii
 is

 

the
 

importance
 

of
 

the
 

attribute
 

of
 

the
 

index
 

object;
 

Nc
 is

 

the
 

number
 

of
 

samples
 

of
 

the
 

current
 

node.
 

N
 

is
 

the
 

total
 

number
 

of
 

samples;
 

pim
 is

 

the
 

impure
 

of
 

the
 

current
 

node,
 

which
 

represents
 

the
 

Gini
 

index
 

of
 

the
 

ob-
ject

 

attribute
 

of
 

the
 

current
 

node;
 

Ncr
 and

  

Ncl
 are

  

the
 

sample
 

number
 

of
 

the
 

right
 

classification
 

and
 

the
 

left
 

classification
 

of
 

the
 

current
 

node;
 

p
 

imr
 and

 

piml
 are

 

the
 

im-
purity

 

of
 

the
 

right
 

classification
 

and
 

the
 

left
 

classification
 

of
 

the
 

current
 

node.
3. 2. 2　 Parameter

 

setting
Based

 

on
 

the
 

input
 

and
 

output
 

indexes
 

and
 

the
 

char-
acteristics

 

of
 

the
 

algorithm
 

model,
 

the
 

sample
 

size
 

and
 

characteristics
 

of
 

the
 

data
 

are
 

comprehensively
 

considered
 

to
 

ensure
 

the
 

reliability.
 

The
 

parameters
 

of
 

the
 

model
 

are
 

set
 

as
 

the
 

following:
(1)

 

Gini
 

index
 

is
 

selected
 

as
 

the
 

standard
 

evalua-
tion

 

object.
(2)

 

All
 

features
 

are
 

used
 

to
 

find
 

the
 

best
 

segmenta-
tion

 

point
 

of
 

the
 

model.
(3)

 

Partition
 

and
 

reference
 

all
 

object
 

attributes.

(4)
 

The
 

minimum
 

number
 

of
 

samples
 

per
 

node
 

is
 

4.
3. 2. 3　 Input

 

indicators
Based

 

on
 

CART
 

decision
 

tree
 

algorithm
 

model,
 

48
 

accident
 

data
 

are
 

extracted.
 

11
 

accident
 

causing
 

indexes
 

are
 

taken
 

as
 

input
 

of
 

the
 

model,
 

including
 

region,
 

quar-
ter,

 

holiday
 

situation,
 

spring
 

festival
 

transport,
 

run
 

time,
 

weather
 

situation,
 

highway
 

technical
 

grade,
 

high-
way

 

administrative
 

grade,
 

road
 

alignment,
 

road
 

condition
 

and
 

human
 

factors,
 

and
 

the
 

accident
 

occurrence
 

form
 

is
 

taken
 

as
 

the
 

output
 

of
 

the
 

model.
 

For
 

this
 

reason
 

to
 

ana-
lyze

 

the
 

direct,
 

indirect
 

or
 

coupling
 

relationship
 

between
 

the
 

accident
 

cause
 

index
 

and
 

form,
 

between
 

the
 

cause
 

in-
dex

 

and
 

the
 

cause
 

index.
 

The
 

index
 

name,
 

category,
 

in-
put

 

name
 

and
 

code
 

are
 

shown
 

in
 

Table
 

5.
3. 3　 Output
3. 3. 1　 Index

 

importance
The

 

importance
 

of
 

input
 

indexes
 

is
 

calculated
 

by
 

training
 

model.
 

The
 

results
 

are
 

shown
 

in
 

Table
 

6.
 

For
 

the
 

input
 

indicators,
 

holiday
 

situation,
 

spring
 

festival
 

transport,
 

highway
 

technical
 

grade
 

and
 

highway
 

adminis-
trative

 

grade
 

have
 

no
 

influence
 

on
 

accident
 

form.
 

The
 

importance
 

of
 

other
 

indicators
 

on
 

the
 

accident
 

form
 

is
 

run
 

time,
 

human
 

factor,
 

weather
 

situation,
 

quarter,
 

region,
 

road
 

condition
 

and
 

road
 

alignment.
 

Therefore,
 

the
 

run
 

time,
 

human
 

factors
 

and
 

weather
 

situation
 

are
 

the
 

most
 

important
 

factors.
 

The
 

future
 

prevention
 

should
 

focus
 

on
 

the
 

above
 

3
 

factors,
 

coupled
 

with
 

the
 

factors
 

of
 

quarter,
 

region,
 

road
 

condition
 

and
 

road
 

alignment.
3. 3. 2　 Important

 

accident
 

scenarios
Based

 

on
 

the
 

form
 

of
 

the
 

accident,
 

the
 

coupling
 

re-
lationship

 

between
 

the
 

3
 

major
 

accident
 

causing
 

factors
 

(run
 

time,
 

human
 

factor
 

and
 

weather
 

situation)
 

and
 

oth-
er

 

factors
 

is
 

analyzed.
 

The
 

important
 

scenarios
 

prone
 

to
 

traffic
 

accidents
 

are
 

put
 

forward.
 

The
 

study
 

takes
 

the
 

run
 

time,
 

human
 

factor
 

and
 

weather
 

situation
 

as
 

the
 

center,
 

and
 

combines
 

with
 

the
 

season,
 

region,
 

road
 

condition
 

and
 

road
 

alignment
 

to
 

put
 

forward
 

the
 

important
 

accident
 

scenarios
 

of
 

800
 

km
 

Passenger
 

Lines.
Using

 

Python
 

to
 

build
 

decision
 

tree
 

model
 

and
 

call
 

export _ graphviz
 

function.
 

The
 

result
 

is
 

visualized
 

as
 

Figure
 

1.
 

Among
 

them,
 

the
 

block
 

diagram
 

represents
 

the
 

judgment
 

node
 

of
 

the
 

data.
 

The
 

first
 

row
 

represents
 

the
  

judgment
 

condition
 

of
 

the
 

current
 

node,
 

the
 

second
 

line
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Table
 

5　 Model
 

index
 

details

Name Input
 

name Input
 

category
 

(Code)

Region Region

　 Northeast
 

China
 

( 1),
 

North
 

China
 

(2 ),
 

East
 

China
 

( 3 ),
 

South
 

China
 

( 4 ),
 

Central
 

China
 

( 5 ),
 

Northwest
 

China
 

(6),
 

Southwest
 

China
 

(7)

Season Season
　 Spring

 

(1),
 

Summer
 

( 2),
 

Autumn
 

(3),
 

Winter
 

(4)

Whether
 

holiday Holiday Yes
 

(1),
 

No
 

(2)

　 Whether
 

Spring
 

Festival
 

transport
Spring_Time Yes

 

(1),
 

No
 

(2)

Run
 

time Time

[0,1)(1),[ 1,2) ( 2),[ 2,3) ( 3),
[3,4)(4),[ 4,5) ( 5),[ 5,6) ( 6),
[6,7)(7),[ 7,8) ( 8),[ 8,9) ( 9),
[9, 10) ( 10), [ 10, 11) ( 11), [ 11,
12) ( 12), [ 12, 13) ( 13), [ 13, 14)
(14),[14,15) (15),[15,16) (16),
[16,17) ( 17),[ 17,18) ( 18),[ 18,
19) ( 19), [ 19, 20) ( 20), [ 20, 21)
(21),[21,22) (22),[22,23) (23),
[23,24)(24)

　 Highway
 

tech-
nical

 

grade
　 Technical_
level

　 I
 

Highway
 

(1),
 

II
 

Highway
 

(2),
 

III
 

Highway
 

(3),
 

Expressway
 

(4)

　 Highway
 

ad-
ministrative

 

grade
Administra-
tive_level

　 National
 

highway
 

( 1 ),
 

Provincial
 

highway
 

( 2 ),
 

Prefectural
 

highway
 

(3),
 

Country
 

(4)

Road
 

alignment Linear_type

　 Straight
 

sections
 

of
 

expressway
 

( 1),
 

Intersection
 

( 2 ),
 

Straight
 

sections
 

of
 

bridges
 

(3),
 

Straight
 

sections
 

of
 

tunnel
 

(4),
 

Curve
 

( 5),
 

Straight
 

sections
 

of
 

ordinary
 

roads
 

(6)

Road
 

Condition Road
　 Snow

 

and
 

Ice
 

(1),
 

Dry
 

( 2),
 

Stag-
nant

 

Water
 

(3),
 

Snow
 

(4),
 

Wet
 

(5)

Human
 

factor People

　 Improper
 

Operation
 

(1),
 

Overspeed
 

( 2 ),
 

Illegally
 

Driving
 

on
 

the
 

Road
 

( 3 ),
 

Failure
 

to
 

Cede
 

in
 

Accordance
 

with
 

Regulations
 

(4),
 

Not
 

Maintaining
 

Safe
 

Distances
 

( 5),
 

Lack
 

of
 

Concen-
tration

 

(6),
 

Normal
 

Operation
 

(7)

　 Weather
 

situa-
tion

Weather
　 Sunny

 

( 1),
 

Cloudy
 

( 2),
 

Overcast
 

(3),
 

Foggy
 

(4),
 

Rainy
 

(5),
 

Ice
 

and
 

Snow
 

(6),
 

Others
 

(7)

Accident
 

form Accident_type
　 Rollover

 

( 1),
 

Scratch
 

( 2),
 

colli-
sion

 

(3),
 

Collision
 

fixture
 

( 4),
 

Rear
 

end
 

collision
 

(5),
 

Falling
 

(6)

Table
 

6　 Significance
 

results
 

of
 

accident
 

characteristic
 

indexes

Indicator
 

name
Importance

 

of
 

indicators
Ranking

Run
 

time 0. 232 1

Human
 

factor 0. 168 2

Weather
 

situation 0. 149 3

Season 0. 143 4

Region 0. 130 5

Road
 

condition 0. 111 6

Road
 

alignment 0. 066 7

Whether
 

holiday 0. 000 —

Whether
 

Spring
 

Festival
 

transport 0. 000 —

Highway
 

technical
 

grade 0. 000 —

Highway
 

administrative
 

grade 0. 000 —

represents
 

the
 

Gini
 

index
 

of
 

the
 

judgment
 

condition
 

for
 

the
 

sample
 

under
 

this
 

node,
 

and
 

the
 

third
 

line
 

represents
 

the
 

sample
 

size
 

of
 

the
 

current
 

node.
 

For
 

any
 

node,
 

when
 

the
 

sample
 

characteristics
 

of
 

the
 

entry
 

node
 

satisfy
 

the
 

current
 

node
 

judgment
 

condition,
 

the
 

sample
 

is
 

classified
 

into
 

the
 

left
 

branch
 

of
 

the
 

next
 

layer
 

set.
 

Otherwise,
 

it
 

is
 

included
 

in
 

the
 

right
 

branch
 

of
 

the
 

next
 

layer
 

set.
 

When
 

the
 

Gini
 

index
 

of
 

the
 

node
 

is
 

0
 

or
 

the
 

sample
 

size
 

is
 

less
 

than
 

4,
 

it
 

means
 

that
 

the
 

current
 

node
 

sample
 

is
 

of
 

the
 

same
 

category,
 

and
 

the
 

node
 

is
 

the
 

end
 

point
 

of
 

the
 

branch.
It

 

can
 

be
 

seen
 

from
 

Figure
 

1
 

that
 

in
 

the
 

800
 

km
 

Pas-
senger

 

Lines
 

accidents,
 

the
 

proportion
 

caused
 

by
 

colli-
sion

 

fixture
 

and
 

rear
 

end
 

collision
 

is
 

very
 

large,
 

which
 

means
 

that
 

the
 

traffic
 

hazards
 

caused
 

by
 

these
 

two
 

types
 

of
 

accidents
 

are
 

at
 

the
 

top,
 

and
 

prevention
 

and
 

control
 

should
 

be
 

focused.
 

In
 

addition,
 

the
 

human
 

factor
 

is
 

at
 

the
 

top
 

of
 

the
 

whole
 

model,
 

because
 

the
 

superposition
 

of
 

any
 

external
 

conditions
 

in
 

driving
 

will
 

eventually
 

point
 

to
 

the
 

driver’s
 

decision
 

and
 

operation.
In

 

order
 

to
 

ensure
 

the
 

representativeness
 

of
 

accident
 

characteristics,
 

the
 

branches
 

of
 

decision
 

tree
 

model
 

with
 

classification
 

number
 

greater
 

than
 

3
 

are
 

extracted
 

for
 

sub-
sequent

 

analysis.
 

Figure
 

2
 

is
 

a
 

branch
 

graph
 

of
 

the
 

left
 

branch
 

( human
 

factor)
 

of
 

the
 

decision
 

tree.
 

It
 

can
 

be
 

seen
 

from
 

the
 

figure
 

that
 

human
 

factors
 

can
 

be
 

divided
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Fig. 1　 Accident
 

cause
 

model
 

output
 

results
 

of
 

800
 

km
 

passenger
 

lines

into
 

7
 

types,
 

and
 

the
 

traffic
 

accidents
 

caused
 

by
 

improper
 

operation
 

(people:≤1. 5)
 

account
 

for
 

about
 

50%
 

of
 

the
 

total
 

number
 

(22
 

cases).
 

This
 

shows
 

that
 

China
 

should
 

focus
 

on
 

strengthening
 

the
 

driving
 

skills,
 

operation
 

tech-
niques

 

and
 

standards
 

of
 

drivers.
The

 

analysis
 

shows
 

that
 

there
 

is
 

a
 

coupling
 

relation-
ship

 

among
 

weather,
 

road
 

alignment
 

and
 

road
 

condition.
 

2
 

traffic
 

accidents
 

occurred
 

under
 

the
 

weather
 

conditions
 

of
 

snow,
 

cloudy
 

and
 

sunny
 

(weather:≤3. 5).
 

The
 

data
 

shows
 

that
 

the
 

accident
 

occurred
 

in
 

snow,
 

snow
 

and
 

ice,
 

and
 

the
 

road
 

condition
 

was
 

dry,
 

which
 

occurred
 

in
 

the
 

curve
 

section.
 

It
 

shows
 

that
 

the
 

curve
 

section
 

is
 

an
 

im-
portant

 

coupling
 

cause
 

of
 

traffic
 

accidents.
 

There
 

are
 

many
 

traffic
 

accidents
 

in
 

foggy,
 

cloudy,
 

rainy
 

and
 

other
 

weather
 

conditions
 

( weather:> 3. 5),
 

which
 

proves
 

that
 

weather
 

factors
 

are
 

extremely
 

important
 

factors
 

leading
 

to
 

traffic
 

accidents.
There

 

is
 

a
 

coupling
 

relationship
 

between
 

weather
 

and
 

time.
 

In
 

foggy,
 

overcast,
 

rainy
 

and
 

other
 

weather
 

conditions
 

(weather:>3. 5),
 

7
 

traffic
 

accidents
 

occurred
 

later
 

than
 

13
 

o’clock
 

(time:>13. 5)
 

were
 

all
 

caused
 

by
 

impact
 

of
 

collision
 

fixture.
 

In
 

the
 

accidents
 

earlier
 

than
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or
 

equal
 

to
 

13
 

o’ clock
 

( time:≤13. 5),
 

there
 

were
 

3
 

causes
 

of
 

impact
 

on
 

collision
 

fixture.
 

It
 

shows
 

that
 

drivers
 

are
 

prone
 

to
 

collision
 

fixture
 

after
 

13
 

o’clock
 

in
 

foggy,
 

o-
vercast

 

and
 

rainy
 

weather,
 

which
 

should
 

be
 

focused
 

on
 

prevention
 

and
 

control.
There

 

are
 

coupling
 

relationships
 

among
 

region,
 

road
 

alignment,
 

weather
 

and
 

road
 

condition.
 

In
 

the
 

not
 

north-
west

 

and
 

southwest
 

regions
 

( region: ≤ 5. 5),
 

the
 

road
 

alignment
 

is
 

straight
 

sections
 

of
 

tunnel,
 

curve
 

and
 

straight
 

sections
 

of
 

ordinary
 

roads
 

( Linear_type:>3. 5)
 

of
 

the
 

traffic
 

accidents.
 

Among
 

them,
 

3
 

accidents
 

are
 

caused
 

by
 

rear
 

end
 

collision,
 

and
 

they
 

occur
 

in
 

overcast
 

days,
 

with
 

stagnant
 

water
 

or
 

slippery
 

on
 

the
 

road
 

sur-
face,

 

and
 

67%
 

of
 

them
 

occur
 

in
 

the
 

curve.
 

It
 

shows
 

that
 

the
 

driver
 

is
 

prone
 

to
 

rear
 

end
 

collision
 

accident
 

when
 

driving
 

in
 

the
 

curve
 

section
 

of
 

not
 

northwest
 

and
 

south-
west

 

regions
 

in
 

overcast
 

days.
 

In
 

the
 

Northwest
 

and
 

Southwest
 

regions
 

(region:>5. 5)
 

4
 

traffic
 

accidents
 

oc-
curred,

 

75%
 

of
 

accidents
 

occurred
 

in
 

overcast
 

or
 

foggy
 

days
 

with
 

stagnant
 

water
 

or
 

slippery
 

road.
 

It
 

shows
 

that
 

drivers
 

are
 

prone
 

to
 

traffic
 

accidents
 

in
 

Northwest
 

and
 

southwest
 

China
 

on
 

overcast
 

days.
Figure

 

3
 

is
 

a
 

branch
 

graph
 

of
 

the
 

right
 

branch
 

(not
 

human
 

factor)
 

of
 

the
 

decision
 

tree.
 

It
 

can
 

be
 

seen
 

from
 

the
 

figure
 

that
 

6
 

types
 

of
 

traffic
 

accidents
 

caused
 

by
 

non-
improper

 

operation
 

(people:>1. 5)
 

only
 

account
 

for
 

50%
 

(26
 

cases)
 

of
 

the
 

total
 

number.
 

It
 

can
 

be
 

seen
 

that
 

com-
pared

 

with
 

improper
 

operation,
 

drivers
 

in
 

China
 

have
 

better
 

performance
 

in
 

maintaining
 

safe
 

distance,
 

speed-
ing,

 

giving
 

way
 

according
 

to
 

regulations,
 

avoiding
 

illegal
 

road
 

occupation
 

and
 

keeping
 

attention,
 

but
 

it
 

also
 

needs
 

to
 

be
 

strengthened.
In

 

the
 

traffic
 

accidents
 

not
 

caused
 

by
 

improper
 

oper-
ation

 

(people:>1. 5),
 

there
 

is
 

a
 

coupling
 

relationship
 

a-
mong

 

run
 

time,
 

region
 

and
 

road
 

alignment.
 

Before
 

7
 

o’clock
 

(time:≤7. 5),
 

7
 

accidents
 

were
 

caused
 

by
 

rear
 

end
 

collision,
 

accounting
 

for
 

a
 

large
 

proportion,
 

and
 

most
 

of
 

them
 

occurred
 

in
 

central
 

and
 

South
 

China.
 

83%
 

of
 

the
 

accidents
 

were
 

caused
 

by
 

drivers’
 

failure
 

to
 

keep
 

a
 

safe
 

distance
 

from
 

the
 

vehicle
 

in
 

front.
 

It
 

shows
 

that
 

be-
fore

 

7:00
 

a. m. ,
 

drivers
 

in
 

central
 

and
 

South
 

China
 

are
 

prone
 

to
 

rear
 

end
 

collision
 

due
 

to
 

failing
 

to
 

keep
 

a
 

safe
 

distance
 

from
 

the
 

vehicle
 

in
 

front.
There

 

is
 

a
 

coupling
 

relationship
 

between
 

weather
 

Fig. 2　 Main
 

branch
 

of
 

the
 

left
 

branch
 

(human
 

factors)
 

of
 

model

and
 

road
 

conditions.
 

3
 

collision
 

accidents
 

occurred
 

under
 

the
 

condition
 

of
 

stagnant
 

water,
 

snow
 

and
 

slippery
 

road
 

(road:>2. 5),
 

which
 

indicated
 

that
 

the
 

driver
 

was
 

prone
 

to
 

traffic
 

accidents
 

on
 

above
 

roads.
 

Among
 

the
 

traffic
 

ac-
cidents

 

occurred
 

on
 

snow
 

and
 

ice,
 

dry
 

road
 

( road: ≤
2. 5),

 

5
 

accidents
 

of
 

rear
 

end
 

collision
 

occurred
 

due
 

to
 

bad
 

driving
 

behavior
 

( people:
 

≤4. 5),
 

and
 

2
 

of
 

them
 

occurred
 

in
 

ice
 

and
 

snow
 

weather.
 

In
 

addition,
 

3
 

acci-
dents

 

of
 

rear
 

end
 

collision
 

occurred
 

in
 

snow
 

and
 

ice
 

weather
 

when
 

drivers
 

were
 

distracted
 

or
 

under
 

normal
 

op-
eration

 

(people:
 

>4. 5).
 

It
 

shows
 

that
 

the
 

driver’ s
 

bad
 

driving
 

behavior
 

or
 

inattention
 

phenomenon
 

is
 

easy
 

to
 

cause
 

rear
 

end
 

collision
 

accident.
Based

 

on
 

different
 

accident
 

scenarios,
 

road
 

transport
 

enterprises
 

should
 

focus
 

on
 

prevention
 

and
 

control.
 

First,
 

road
 

transport
 

enterprises
 

should
 

do
 

a
 

good
 

job
 

in
 

passen-
ger

 

transport
 

safety
 

management,
 

control
 

potential
 

safety
 

hazards
 

from
 

the
 

source,
 

implement
 

the
 

main
 

responsibil-
ity

 

of
 

safety
 

production,
 

and
 

conduct
 

real-time
 

supervi-
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Fig. 3　 Main
 

branch
 

of
 

the
 

right
 

branch
 

(non-human
 

factors)
 

of
 

model

sion
 

and
 

punishment
 

on
 

drivers’
 

illegal
 

behaviors
 

and
 

bad
 

behaviors.
 

Second,
 

road
 

transport
 

enterprises
 

should
 

cultivate
 

drivers’
 

emergency
 

avoidance
 

ability,
 

pay
 

spe-
cial

 

attention
 

to
 

dynamic
 

supervision
 

in
 

fog,
 

overcast,
 

rain,
 

snow
 

and
 

other
 

special
 

weather,
 

focus
 

on
 

monito-
ring

 

drivers ’
 

driving
 

behavior
 

and
 

concentration,
 

strengthen
 

drivers’
 

defensive
 

driving
 

methods
 

in
 

special
 

weather
 

and
 

special
 

periods,
 

and
 

appropriately
 

introduce
 

driving
 

simulation
 

technology
 

to
 

simulate
 

driving
 

scenes
 

in
 

weather
 

and
 

time.
 

In
 

addition,
 

the
 

training
 

content
 

should
 

be
 

strengthened
 

to
 

enhance
 

the
 

driver’s
 

ability
 

to
 

avoid
 

accidents.
 

And
 

road
 

transport
 

enterprises
 

should
 

carry
 

out
 

targeted
 

training
 

and
 

education.
 

According
 

to
 

the
 

accident
 

scenarios,
 

comprehensive
 

consideration
 

should
 

be
 

given
 

to
 

the
 

characteristics
 

of
 

drivers
 

and
 

oper-

ation
 

routes,
 

and
 

targeted
 

training
 

should
 

be
 

conducted
 

for
 

drivers
 

involved
 

in
 

Northwest
 

and
 

southwest
 

regions,
 

and
 

defensive
 

driving
 

methods
 

under
 

overcast
 

conditions
 

should
 

be
 

focused
 

on.
 

For
 

the
 

driving
 

line
 

involving
 

cen-
tral

 

and
 

South
 

China,
 

the
 

safety
 

distance
 

from
 

the
 

vehicle
 

in
 

front
 

should
 

be
 

monitored
 

and
 

the
 

emergency
 

measures
 

for
 

rear
 

end
 

collision
 

should
 

be
 

trained.

4　 Conclusions

(1)
 

This
 

paper
 

analyzes
 

the
 

accident
 

characteristics
 

of
 

800
 

km
 

Passenger
 

Lines.
 

Based
 

on
 

the
 

contributing
 

factors
 

of
 

human,
 

vehicles,
 

roads
 

and
 

environment
 

in
 

the
 

accident,
 

it
 

extracts
 

the
 

accident
 

occurrence
 

form
 

and
 

cause
 

index,
 

and
 

constructs
 

the
 

safety
 

risk
 

model
 

of
 

800
 

km
 

Passenger
 

Lines
 

through
 

decision
 

tree
 

model.
 

The
 

results
 

indicate
 

that
 

collision
 

fixture
 

and
 

rear - end
 

collisions
 

account
 

for
 

the
 

highest
 

proportion
 

of
 

accidents
 

on
 

800
 

km
 

passenger
 

lines,
 

highlighting
 

the
 

need
 

to
 

pri-
oritize

 

the
 

prevention
 

and
 

control
 

of
 

these
 

accident
 

types.
 

Human
 

factors
 

are
 

the
 

most
 

important
 

factors
 

leading
 

to
 

traffic
 

accidents,
 

so
 

it
 

is
 

necessary
 

to
 

improve
 

drivers’
 

driving
 

skills,
 

operation
 

techniques
 

and
 

specifications.
 

In
 

addition
 

to
 

whether
 

holiday,
 

whether
 

Spring
 

Festival
 

Transport,
 

highway
 

technical
 

grade
 

and
 

highway
 

adminis-
trative

 

grade,
 

there
 

are
 

coupling
 

relationships
 

among
 

hu-
man

 

factors,
 

weather
 

situation,
 

seasons,
 

regions,
 

road
 

conditions
 

and
 

road
 

alignment,
 

among
 

which
 

human
 

fac-
tors,

 

weather
 

and
 

seasons
 

are
 

the
 

3
 

most
 

important
 

caus-
ative

 

factors.
(2)

 

In
 

order
 

to
 

reduce
 

the
 

accident
 

potential
 

of
 

800
 

km
 

Passenger
 

Lines
 

and
 

provide
 

theoretical
 

basis
 

for
 

enterprise
 

safety
 

management,
 

the
 

existing
 

data
 

sample
 

is
 

limited.
 

Although
 

the
 

accident
 

characteristic
 

index
 

is
 

representative,
 

it
 

can
 

be
 

further
 

enriched,
 

and
 

the
 

safety
 

management
 

of
 

enterprise
 

content
 

has
 

not
 

been
 

consid-
ered.

 

In
 

the
 

future,
 

it
 

can
 

be
 

further
 

optimized
 

by
 

com-
bining

 

with
 

the
 

human,
 

vehicles,
 

roads,
 

environments,
 

in
 

transportation.
 

The
 

enterprise
 

internal
 

management
 

and
 

other
 

factors,
 

comprehensively
 

build
 

a
 

passenger
 

transport
 

accident
 

database
 

of
 

800
 

km
 

Passenger
 

Lines
 

to
 

supplement
 

the
 

accident
 

factors
 

and
 

important
 

scenarios
 

extracted
 

from
 

the
 

current
 

data
 

group.
 

To
 

form
 

a
 

set
 

of
 

accurate,
 

comprehensive
 

and
 

systematic
 

accident
 

charac-
teristic

 

indexes
 

and
 

prevention
 

and
 

control
 

measures
 

for
 

9
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