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ABSTRACT

This paper describes comparisons of traffic safety during the morningtantbah peak hours
in extended stretches of eight High Occupancy Vehicle (HOV) lanes with tfeoedhf types of
access — four corridors with continuous access and the others with limiésd.adcaffic
collision patterns in two different types of HOV lanes were investigateydlyating 1) the
differences in collision distribution, severity, types of collisions and per tiaffic utilization, 2)
spatial distribution of collision concentrations by using Continuous Risk ProfilBY&pproach,
and 3) collision rates in the vicinity of access points in HOV lanes with limtegesa. In the
paper, the authors conducted detailed analysis on collision data occurred during peak hour
relation to geometry and traffic features. Based on the findings fronsgbesament on eight
routes, the limited access HOV lanes appear to offer no safety advamtag#se continuous
access HOV lanes. Such difference is due to more frequent and sporadiatdistiof collision
concentration in limited access HOV lanes.

INTRODUCTION

In an effort to enhance the understanding of the effect of different typtglofOccupancy
Vehicle (HOV) access on safety, this study analyzed collisions thatred along HOV lanes
and adjacent lanes from eight California freeway corridors, ranging fromilégltm15.7 miles
in length. Traffic collision data from the eight corridors were obtairad the Traffic Accident
Surveillance and Analysis System (TASAS), a collision database nmadthy California
Department of Transportation (Caltrans).

The eight corridors consist of two different types of HOV facilities: orie wontinuous access

and the other with limited. HOV lanes with continuous access allow vehiclatetooe exit the

lane at any point from the adjacent lane on the highway. In contrast, vehicles catlaece
limited HOV facilities only through the dedicated ingress/egressosictiBeside the differences

in geometric configurations, there is one other major difference in the iopes&these facilities.
The HOV lanes with continuous access typically operate only during theng@md afternoon
peak hours —generally from 5 to 9 AM and 3 to 7 PM. On the other hand, the high-occupancy
policy is enforced 24 hours a day for the limited access HOV facilities.

The work reported in this paper included several components. First, the relationshimbetwee
collision concentration locations at HOV lanes and their proximity to nearognohoff-ramps
were studied. A technical approach called the Continuous Risk Profile (CRP) nsetised in
this study [1]. Second, a comparison of collision analysis performed for theedebegliways is
presented. Certain discrepancies in safety performance were foundrbgte/éso HOV types

in terms of collision distribution, and type and severity of collisions. Dwmgmns of the

technical approaches, the data sources, and the findings are given in the folemtiongss

PREVIOUS STUDIES
The Texas Transportation Institute performed a detailed analysis @ffdtg issues associated
with HOV lanes, focusing particularly on buffer-separated concurrent flow ld@es [2]. A
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Jang et al. 2

study of traffic collision data and collision reports from the Dallas @&xamined pre- and post-
installation collision characteristics in chosen corridors. Increadésion rates were observed.
Although unable to identify a single cause for the increased collisionimedes around HOV
lanes, the research team suggested that the increase in collisions could fdttb€ e the loss
of the inside shoulder, b) the reduction in widths of general purpose lanes, c) the speed
differential between HOV and general purpose lanes, and d) vehicles weavirlgrieota lane
to gain access or exit the HOV. Based on the findings of the collision datasr@gydance
was developed in selecting advantageous corridor characteristics whetedoggHOV lane
implementation and roadway cross sections.

In a study conducted in the Salt Lake City area, HOV lanes were dedermot to be inherently
unsafe based on collision data analysis [3je study did, however, recommend stricter
enforcement, construction of direct-on ramps and off-ramps and installation ohprarsigns
to increase public awareness.

A study [4] conducted in early 90’s compared freeway sections with and without #@¥ in
California and found higher collision rates during peak periods in freeway sectioaswnt
HOV lanes. Furthermore, the peak-hour collision rates of the HOV lanes \wher than the
non-HOV lanes. However, when HOV lanes were open to regular traffic during@unhours
(that is, the designated HOV lanes were open to all types of traffic)jaoltates in these
sections were, lower than in freeway sections without HOV lanes. Thepdiacres appeared to
occur during the heaviest traffic periods.

Another study [5] analyzed collision frequencies and characteristicsafi@atifornia highway
with continuous HOV lane access. The analysis concluded that there was no olsaigyion
that route with the addition of HOV lanes. However, they did observe that collisioiscat
migrated due to the relief of congestion in areas of lane drops and the creatioe stwere
traffic bottlenecks downstream.

In the following section, we will report the work conducted in this study and thedsdiased
on the analysis of historical collision data in California.

STUDY SITESAND DATA DESCRIPTION

A total of eight freeway corridors with HOV facilities, listed in Taldl, were included in this
current study. These corridors include four HOV facilities with continuowssagcdepicted in
Figure 1(a) and four with limited access shown in Figure 1(b). Collisianfaan 1999 through
2003 were used to investigate the patterns of collision occurrence. Note that thefid¢hg
corridor segments is expressed in miles, to be consistent with the post mile s\aorttamed
within the TASAS database and easier for references. The exact ceatpoents were
suggested by regional transportation engineers for the comparison of colisidiferent types
of HOV facilities.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



TRB 2008 Annual Meeting CD-ROM

Jang et al.

TABLE 1 List of Freeway Corridorsincluded in Data Analysis

N Postmile
Facility Type County Freeway Length
Start PM End PM
Contra Costa 1-80 E 0.0 10.0 10.0
] Contra Costa 1-80 W 0.0 9.8 9.8
Continuous
Alameda 1-880 N 135 20.9 7.4
Santa Clara SR-101 S 26.4 39.9 135
Los Angeles I-105 E 12 16.9 15.7
Los Angeles [-105 W 2.6 16.8 14.3
Limited
Los Angeles I-210 E 24.8 36.4 11.6
Los Angeles 1-405 S 12.9 22.2 9.3
HOV Lang =) L P t o
Left Lane e

Right Lane ——p

o“@}sﬁ %‘7%
A AN

a) Continuous Access

END BUFFER INGRESS,EGRESS BIGIN BUFFER
HOV Lane =——p < S =
Left Lane e
Interior Lane e
RIQNt LANE ey
% G,
&3 S
0%‘-% g,

b) Limited Access

Figurel HOV facility types and lane designation for freewayswith HOV Lane.

Figure 2 shows how TASAS defines different traveling lanes on a freeovagior with multiple
lanes. Typically, the HOV lane, either single or multiple, is located on ttaeipsition of the
freeway. The lane adjacent to the HOV lane is referred to as the left lnae@ufermost right

traveling lane is referred to as the right lane, and lanes between the Ieflananes are

referred as interior lane(s). TASAS also defines a number of areas mitsi@eeling lanes; in

this paper, these areas are aggregatethass. The percentage of collisions that occurred in
theseother areas ranged between 11% and 20 % of total collisions. However, since ouy prima
objective is to compare collision that occurred in traveling lanes durirgetidehours, the ones

that occurred in thessther areas were excluded from our analyses.
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Others
Others

HOV Lane <> >

Direction of Traffic

Left Lane

Interior Lanes——-------—-------—--—-

Right Lane

Figure2 Description of collision locationsin TASAS.

Since the HOV facility with continuous access operates only during the peak hourggonly t
collisions that occurred within these hours were used in this study to allovefagarison
between the two types of HOV facilities. Figure 3 shows the cumulative nwhbelfisions at
various hours of the day with two charts for the corridors with continuous-accessaed-li
access HOV respectively. The collisions occurring in the peak hours represefB85tetoent
of the total number of collisions during the 24-hour period along the traveling lanksstasted
in Table 2.

TABLE 2 Time-Series Collision Distribution during Peak hours (5~9 AM and 3~7 PM)

Facility Type Continuous Limited
Route 1-80E 1-80W SR-101S 1-880N I-105E I1-105W 1-210E 1-405
Percent 68% 60% 61% 55% 62% 60% 66% 62%
2500 2500
-880N
5~9 AM 3~7PM l 5~9 AM S=7 PM 1-210E
2000 2000+
2 SR-101S l 11105E
K=l o
i) Q2
3 1500 = 1500
o (&]
5 5 i
o | _//-{’C = 7 TT’
£ 1000 /_/_,_f/’ /7 Drsowrgog £ 10007 /j-/ 1-405S
5 3 // 1-105W
z = ’
500 4 / 500 e
/_/_/_/" | y
0 fmmeet T ; : ; 0 f—="", ; ; ‘ :
0 400 800 1200 1600 2000 2400 0 400 800 1200 1600 2000 2400
Time Time
a) Continuous Access b) Limited Access

Figure 3 Time-Series collisions distribution.
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SUMMARY OF COLLISION ANALYSIS

The collision data from all eight study corridors were analyzed angax@u. The results are
tabulated in Table 3, with the numbers of collisions per mile given for the @ thpes. It
can be seen that on average the collisions/mile of HOV and left lanes in contincess ia
lower than those in limited access.

TABLE 3 Summary of Collision Statisticsin HOV and L eft lanes, 1999~2003

Continuous Access Limited Access
I-80E 1-80W SR-101S 1-880N 1-105E 1-105W 1-201H 1-4059
HOV 3.1 4.8 1.8 3.0 6.1 3.7 9.4 9.1
Collisions/Mile
Left 21.4 20.9 12.1 30.1 22.1 18.5 27.7 31.1

HOV | 11(35%)| 15(32%) 4 (13%) 3 (18%| 28 (34%) 34 (4206) (28%)| 33 (40%)

Injury & Fatal collision (%
Left 61 (28%)| 61 (30%) 81 (24%) 39 (36%) 65 (2090) 64 (2269 (20%)| 68 (22%)

HOV 20 (65%)| 32 (68%) 18(88%) 21 (82%) 81 (66%0) 51 (58%31 (74%)| 63 (60%)
PDO collision (%)

Left [ 154 (72%) 143 (70%)) 141 (76%) 124 (64f)6) 257 (80%)5 QZB%)| 205 (80%) 279 (78%)

For severity analysis, collisions were categorized into two groups: imrjadality collisions
and Property Damage Only (PDO) collisions. Injury and fatalitystoiis involved at least one
injury or fatality, while property-damage-only collisions had no injuryatalfty involved. In
HOV lanes, proportion of injury and fatal collisions in limited access is hitja@rthat in
continuous access while slightly higher proportion of injury and fatal aoilisi continuous
access was observed in the left lanes.

TABLE 4 Peak Hour Traffic Volumesand Collision Distributions (5~9 AM and 3~7 PM)

Traffic Peak Hour Volume (Vehicles / 8Hour) Collision
Routes HOV + Left HOV + Left
+ +
All lanes € HOV lane Left lane All lanes € HOV lane Left lane
Lanes Lanes

” I-80E 33600 (100%), 17360 (52% 6000 (18%j) 11360 (34p6) 5 (AD0%) 246 (31%) 31 (4%) 215 (27%
>
g 1-80W 38880 (100%)| 19920 (51%, 7040 (18%) 12880 (33%) 1 EB0%) 251 (38%) 47 (7%) 204 (31%
é SR-101S 37120 (100% 16800 (45%) 6080 (16%) 10720 (29%J76 (100%) 187 (24%) 24 (3%) 163 (21%)

1-880N 42960 (100%) 25360 (59% 12480 (29%) 12880 (30P6).016 (100%) 244 (24%) 22 (2%) 222 (22%)

I-105E 52480 (100%, 23120 (44% 8400 (16%4) 14720 (28po) 03 @00%) 443 (49%) 96 (11%) 347 (38%
g 1-105W 43920 (100%)| 18560 (42% 7120 (16%4) 11440 (26pb) 78 @.00%) 317 (47%) 53 (8%) 264 (39%
£
3 I-210E 54720 (100%, 18960 (35%) 7120 (13%) 11840 (22p6) 81 @00%) 431 (44%) 109 (11%), 322 (33%

1-405S 50560 (100%, 18240 (36% 6240 (12%) 12000 (24%%) 38 (@00%) 443 (47%) 85 (9%) 358 (38%
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Table 4 shows the distribution of collisions and traffic volume on the eight corridolsmg@
three shows the amount of traffic observed at each of the corridors during the peaknigour
column four and five shows amount of traffic observed at the HOV and left lanes. The
remaining columns show the total number of collisions observed at each of the cor@tlors a
their distribution at HOV and left lane. Note that ratio between the collisiorrafid volume
distribution at HOV lanes are less than 1 indicating that less collisionsrazentration on HOV
lanes compared to the concentration of traffic volume in terms of percentagevefowieen
similar comparison is made after combing the traffic volume and collisiohe &@V and left
lanes together, it shows that while the ratio remains less than 1 for the HOV idmes w
continuous access and the one with limited access exceed 1. This implies apr@semtation
of collisions in the HOV and left lanes for the limited access type.

Recall that HOV lane with continuous access allows vehicles to enteit angwihere along the
HOV lane while the one with limited access allows such lane-changaum@e@®nly at the
designated locations that are normally set up before and after junctions or ramuther
highways. As a result, there can be a concentration of lane-change manethess
ingress/egress sections. Since traffic in the HOV lane is typicayng at a higher speed, the
lane-change maneuvers under heavy traffic conditions impose challengatgas and can
potentially lead to collisions.

Others (2%) Overturn (2%)

Others (0%)
/ Head On (1%)

Sideswipe (17%)

Head On (1% Hil Objeet (2%)
Broad Side (4%)

Hil Olyject (2%) ‘\
Broad Side (3%)

Bideswipe (26%)

Rear End (66%) Rear Find (74%)
a) Continuous Access b) Limited Access
Figure4 Typeof collisionsin HOV lane.
Figure 4 shows a comparison of collision types in the HOV lanes between contindous a
limited access HOV lanes. More than 90% of collisions occurred in HOV laneseperted as

rear-end or sideswipes in both continuous and limited HOV lanes. However, a laglesttage
of sideswipes was observed in continuous access HOV lanes.
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CRASH CONCENTRATION IDENTIFICATION

Using the continuous risk profile [1], the collision concentration locations wWendified to
determine; (i) if there exist concentrations of collisions in the vicinitynaitéd ingress and
egress sections; (i) if there exist concentrations of collisions in HO\ laitke continuous
access; and (iii) the relationships between collision concentration locatitniespect to
freeway ramps. A brief description of the CRP method is given next, which is fdlloyve
summary of the findings.

Continuous Risk Profile

The continuous risk profile can be constructed first by cumulatively plottingicols, A(d),
with respect to distance, d. Then by rescaling it by a reference risk, @), determined by the
user, one can visually identify extended segment of the freeways with haiso rates (see
Figure-5). Similar rescaling techniques have been used in studying fagation of kinematic
waves [6]. The rescaled cumulative collision count curve amplifies the charnfesslope of
the curve and makes it easier to observe how risk changes continuously with cepect t
distance (i.e., number of collisions observed at a given postmile). In this examplesthge
collision count per unit distance observed over a 10-year period was used as timg restar.
The plot for the 1-880 freeway segment in the year 2003 is shown in Figure 5. Theepsiejpe
in the figure indicates that the risk in the corresponding segment is higher tharggand
negative slope indicates lower risk: Such plot can enable the reader to insiamily iextended
section of freeway segments with high collision counts.

[EEN
o
S

40 collisions/mile
o

A(d) - B(d-d

B(d-d,)

2.27 7.27 12.27 17.27 22.27 27.27 32.27
Postmile

Figure 5 Rescaled cumulative collision count curve (1-880 Northbound, Alameda County,
California, 2003).
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Some of the fluctuations shown in rescaled cumulative collision counts (see Figoeedbie to
statistical variations and these variations can be pre-filtered [7]itiy @asnoving average as
shown in equation (1).

min(L /1, (dgyg—d)/1)
S +ixl)

M(d) - : i=7min(L/I,(dfd0)/.I) (l)
min(L/1,(dy, —d)/1)+min(L/1,(d —d,) /1) +1

For

d=d, +kx| andk = 12,...@
Where

f(d) =k(d)-B(d—d,)

do = beginning postmile

Jeng = ending postmile

Dstart< Dend

| = increment

2L = size of the moving average

d. —d .
K, IL and % are integers

Since we are only interested in high collision @nication locations, we can then apply
equation (2) below to identify the positive portiofithe rescaled smoothed cumulative curve:

K(d) :Ma{'\"(d”l)"v'(d) ,oj )

Note that in equation (2), K(d) will not only idéythigh risk locations, but also show the excess
risk that the segment has compared to the base&igkis will allow us to determine where the
risk started to increase and decrease as weltasdas of the localized peaks in risk. Examples
of such plots are presented next.

Findingsfrom CRP Analysis

CRP were constructed along HOV and left lanes lfdha study sites to examine the
concentration of collisions in the vicinity of tdesignated access. Figure 6 provides one such
illustration for highway 1-210E. Figure 6 (a) sh®the locations of designated HOV access
locations, on and off ramps. The horizontal aniEigure 6 (c) also applies to figures 6 (a) and
(b) and shows the increase in distance (in milet)e direction of vehicles traveling. 90%
percentile was used as a reference risk and thesgxollision rate is shown on the vertical axis.
Figure 7 (a) shows the similar plot for Highway80®\. Since there are no designated access
locations in I-880N, Figure 7 (a) only shows thedtions of on and off ramps, but no access
areas.
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OFF Ramp
HOV
Access
ONRamp — == == === = = = ==
Direction of Traffic
(a)
)
| L,
c
R
z L,
s | W
78]
I\
Il |
= L;
el
% L Ls
T 5
>
c
0 m
(b)
Q
F L
z
i) L
o L
l{'q | 11
bR Ls Lo L1
,.?C L
=
m L
S Lns
N ‘ ‘ ‘ ‘
248 26.8 28.8 ¢ 30.8 3 328 8 348 -8
Postmile
(©)

Figure 6 Continuous Risk Profile Plot (1-210E); (a) On- and off-ramps and HOV Access
Locations, (b) CRP plot for HOV lane, and (c) CRP plot for Left lane
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QFF Ramp

ON Ramy = = = = = = -

Direction of Trattic

(a)

L,

Kuov(d), B(d-dy) = 10 collisions/mile

(b)

75 collisions/mile

Lo

Ls
5 L

L, A
Q ‘h ‘ A : : ‘ ‘
13.5¢ 14.5 15.5° 16.5 > 17.5 5 18.5 -5 19.5 -5 20.5 2.5
Postmile

(c)

Figure7 ContinuousRisk Profile Plot (1-880N); (a) On- and off-ramps, (b) CRP plot for
HOV lane, and (c) CRP plot for Left lane

Kien(d), R(d-do)
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The peaks labeled as to L;, in figures 6 (b) and (c) show the concentratiogaifisions,
exceeding 90% percentile for each HOV and left \aitkin the corridor. Together with Figure

6 (a) they reveal important findings. Note thatyamio peaks out of the five,land Ls, shown

(b) are located in proximity to the designated as@eas. The other three peaks were found at
locations where HOV lane is separated by buffemnfthe adjacent general purpose lanes where
lane change is prohibited.

Some of the peaks in HOV lane, (Seeahd L;in Figure 6 (b)) and the left lane (Seg Ls and
L1,) did not accompany similar peaks in the adjacacitify. However, other peaks, and Ls
(See (a)) were located very close to peaks inghddne, Lo and Ly; (See (b)) at the same post-
mile, indicating that the same factor causing threcentration of collision influenced both
facilities. It appears that the buffer whose fumtis to provide less interrupted flows at the
HOV lanes also mitigates the effect of causatiwtoia for high collision rates at the HOV lane
on its adjacent lanes and vice versa.

50

| | | | |

| | | | |
T T T T

|

3
°

N
o
|

| | | |
2 e e B

o e T e e

w
o
|

.

Collisions / 18 Average Hourly VMT
H
o

O |
0 0.3 0.6 0.9 1.2 1.5 1.8
Distance to the nearest ramps (Mile)

Figure 8 Relationship between collision/10° Average Hourly VMT and distance to the
nearest ramps.

On the other hand, when the CRP patterns in thentmus access corridors are examined, they

reveal very distinct characteristics. For exameéeh of the peaks in HOV lanes with
continuous access (see Figure 7 (b) and (c)) acaoynpeaks in the adjacent lanes. This implies
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that the factors causing collision concentratiopegp to have more equivalent influence on the
HOV and left lanes, and possibly on all lanes tfierhighway corridors with continuous-access
HOV lanes. The distinguishable patterns for limhitecess and continuous access are also
observable in all other six corridors that wereleaid by the CRP method. (Note that the
scales of the y-axis are different in each figoraltow better assessment of relative heights of
peaks.)

The collisions rates (in collisions per thousandrage hourly vehicle-miles) at twenty four
limited ingress and egress sections of the foutesoare plotted with respect to their distance to
nearby on or off ramps and they are shown in Figur&he average collision rates for all the
access points shown in the figure was 9.4 whileatrezage collision rates for all HOV lanes
(from the four corridors with limited access) waS8.7Excluding the three locations denoted by
numbers 1, 2 and 3, the collisions rates remaieéul\b16.4 collisions per thousand average
hourly vehicle-miles and 7.3 collisions per thoukarmerage hourly vehicle-miles, on average.
The common features observed from the three sectsae data labeled 1, 2 and 3 in Figure 7)
were (i) high peak hour HOV volume, 1500 vph (coneplato average of 700~1000 vph in
general), (i) short access distance of 0.25 mileeh is the minimum access length and (iii)
within 0.3 miles of ramps.

CONCLUSION

In this paper, the historical data from eight fragworridors over a five-year period were used
to illustrate the various collision patterns orfeliént lanes on the freeway. The analysis was
conducted to explore the potential effects of ti@Hane configurations. The study includes a
selective set of freeway corridors with differengesiOV operation and layout. The HOV
facilities with continuous access permit vehiclesyf the adjacent lanes to enter or exit
anywhere along the HOV lane and are in operatidy @uring the morning and afternoon peak
hours — generally 5 to 9 AM and 3to 7 PM. Altaéively, the HOV facilities with limited

ingress and egress access only allow vehicles ke the lane change at the designated access
points and are in operation 24 hours a day.

Our findings were based on differences in varigagsdics such as collision distribution by lane,
types of collisions, ratio of collision distributido traffic volume and spatial patterns in cotlisi
occurrences. The present study shows limited a¢d@36facilities appear to offer no safety
advantages. In fact, at least in the corridors éxed) compared to continuous access HOV lanes,
limited access HOV lanes have a higher proportiorobisions across lanes of the freeway, a
higher number of collisions per mile, a higheraoatf collision distribution to traffic volume
distribution and are of greater severity. ThesteBhces are not induced by the weaving traffic
movements in the vicinity of ingress/egress arsdnited access HOV lanes.

Continuous risk profiles (CRP) were constructedifier HOV and the left lanes to study the
concentration of collisions. The CRP for the lmaitHOV lanes showed concentrations of
collisions near some of the access points as welt &bcations where entering or exiting the
facility is prohibited. The high concentrationadfllisions in the buffer separated limited access
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HOV lanes were not always accompanied by concéomisadf collisions at the adjacent lanes
while the concentrations of collisions in the HGwWés with continuous access were.

The access points (see data labeled 1, 2, an&igume 8) with much higher collision rates had
higher HOV peak hour traffic volume,1500 vph (comgabto average of 700~1000 vph in
general). These access points had a short adsesmsog of 0.25 miles, which is the minimum
access length, and were located within 0.3 milesamwips.

In order to better understand the relationship betwHOV configurations and collision
concentrations, the current study should be expghtalurther investigate and quantify the
causality of such safety differences in continuang limited HOV lanes. Differences in the
speed differential due to the different level ofgestion on general purpose lanes across the
study corridors or geometric design related to H&\és such as shoulder width, lane width and
buffer configuration may also have a significarieef on the collision occurrence and

distribution. Furthermore, in-depth site investiga of collision concentration locations is
necessary to confirm the causes and identify ast®atcountermeasures. These remain topics of
future study.
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