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the relative hazardousness of a pedestrian crossing by
a measure such as conflict rate. If this is desired, then
a comparison of data from many other locations is re-
quired to produce a measure of hazardousness to pedes-
trians. Once this is accomplished, a few hours of data
collection at a site may produce important information
on the relative hazardousness of a crossing, as well as
safety deficiencies.

Further investigation is needed to determine the
amount of data collection required at a site to provide
reliable results. Studies are also recommended to in-
vestigate the repeatability of results from one day to the
next, and comparisons of results from similar locations
are desired to further investigate reliability of this
technique.

During this study, it was assumed that pedestrian
confl.icts are a measure of vehicle-pedestrian accident
potential. It was not within the scope of this study to
determine the exact relationship that exists between con-
flicts and accidents. However, this relationship should
be investigated; this can be accomplished by comparing
pedestrian accident histories with conflict data collected
at various locations, Investigations can also be con-
ducted to determine which types of pedestrian conflicts
are more hazardous. The results of these studies will
assist in providing more concise information from this
conflict technique regarding hazards to pedestrians at
roadway crossings.
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Causal Factors of Non-Motor-
Veh icle-Related Bicycle
A cciden ts
Patricia L. Wheatley and Kenneth D. Cross

The Santa Barbara County Bicycle Safety Project was created in Septem-
ber 1977 and funded through September 1979. The primary area of de-
velopment in this project involved research into the causal factors of
non-motor-veh¡cle-related bicycle accidents. Many types of accidents fall
into th¡s category-b¡cycles h¡tt¡ng other bicycles, pedestrians, or fixed
objects. ln addition, bicyclists lose control of their bicycles and fall for
many reasons. Although considerable emphasis has been given to
bicycle-motor vehicle accidents in the last few years, relatively l¡ttle at-
tention has been given to tlìe non-motor-vehicle-related bicycle accident.
The purpose of the pro¡ect research has been to provide comprehensive
mater¡al on the nature and cause of non-motor-vehicle-related bicycle ac-
cidents in Santa Barbara County. ln additíon, the pro¡ect performed a
study on the nature and cause of bicycle-related accidents on separated
off-road b¡cycle facil¡t¡es ¡n the county. To provide proper perspective
on this information, a survey was first taken of the general population
of bicyclists ¡n the county.

The Santa Barbara County Bicycle Safety Project was
created in Se¡rternber 19?7, funded by the California
Office of Traffic Safety to the University of California

at Santa Barbara. The funding for this ¡rroject con-
tinued through September 19?9.

A major emphasis of the Santa Barbara County
Bicycle Safety Project, and the topic of this report, was
research into the causal factors of non-motor-vehicle-
related bicycle accidents. Many accidents fall into this
category. For the purposes of this report, all bicycle-
related accidents that do not involve a motor vehicle
will be referred to as uon-rnotor'-vehicle (NMV) acci-
dents.

Bicycle-motor vehicle accident research has received
considerable attention over the last few years. On the
average, accidents that involve a motor vehicle result
in more severe injuries tha¡r do NMV accidents. In
addition, the study on NMV accidents is difficult because
such accidents are rarely reported to any record-
keeping agency. In spite of this scarcity of information,
it is generally recognized that NMV accide¡rts occur
with far greater frequency than do bicycle-motor ve-
hicle accidents. For this reason, the study of NMV



Transportation Research Record ?43

accidents was chosen for this proiect.
Because of the deartì of data on NMV accidents, we

decided that a comprehensive survey of the general
population of bicyclists might be the only way to obüain
information on the full range of NMV accidents.

The purpose of the project research has been to
provide comprehensive ¡naterial on the nature and
cause of NMV-related bicycle accidents in Santa Barbara
County. In addition, the project performed a study of
the nature and cause of bicycle-related accidents on
separated off-road bicycle facilities in the county. To
provide proper perspective on this information, a survey
was first taken of the general population of bicyclists
in the county.

Throughout the following narrative, reference will
be made to the differences between norther¡¡ and
southern Santa Barbara County. In order to eliminate
possible confusion, the following community descriptions
are included.

The county of Santa Barbara provides an unusual
blend of urba-n and rural populations. Bounded on the
south by the Pacific Ocean, the county lies 148 km
(92 rniles) nortlwest of Los Angeles. One-third of
the county's area is Iocated in the Los Padres National
Forest. A significant portion of the county's 288 000
population resides in tlre southeastern metropolitan
coastal region, including the city of Sutta Barbara.

The moderate clirrate enables continuous outdoor
recreation that has increasingly included bicyclittg.
Surveys conducted during the initial research stage of
the Santa Barbara County Bicycle Project found that
there are 152 528 bicycles and 151 064 bicyclists itl
Sa¡ta Barbara County. Of this ttumber, 96 528 bicy-
clists live i¡r the southeaster¡r part of the county. A
large portion of these bicyclists are adults.

To facilitate the ex¡randed use of bicycles in the
southern section of the courtty, several kilometers of
separated bikeways have bee¡t and are being built. Santa
Barbara County is a pioneer in the area of off-street
bikeways.

The coordinating agency, the University of California
at Salta Barbara, has a shrdent poputation of 14 400.
The bicycle is the major means of transportatio¡r on
the university campus. Curretttly, there are an esti-
mated 10 500 bicycles on caùlpus on any glven day.
Along with the rise in the bicycling populatiotl has bee¡r
an increase in bicycle accidents. I¡r order to avoid a
serious accident problern, a tremendous amount of
effort and staff expertise has gone ittto the development
of one of ttre finest bicycle systems in the uation.

METHOD

The research plan specified four separate surveys: (a)

a ra¡rdom postcard survey of county residents, (b) a
questiomaire survey of a large sample of bicyclists
who reside in Santa Barbara County, (c) an interview
survey of those bicyclists who reside in Sa¡rta Barbara
County, and (d) a¡¡ interview survey of those bicyclists
rvho had recently been ittvolved in accidents.

Postcard Survey

The objective of the postcard survey was to obtain data
on a representative sample of county residents to de-
terrnine the follorving:

1. Number of bicycles per household,
2, Number of riders per household,
3. Ages and sexes of the riders,
4, Number of bicycles stolen per household, and
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5. Type of area (urban or rural) in which the
bicyclists reside.

The prime consideration for the selection of the in-
terview sample was to obtain an unbiased, random
sample of county residents. The self-addressed,
stamped postcard surveys tvere then mailed to I percent
of the persons on the list. A total o1 76'14 postcards
were sent to residences as well as to post office boxes
and rural delivery routes. The return cards were num-
ber coded so that reco¡ds couLd be kept of the return
rates for each zip code area in the county.

A total of 18?4 postcards were returned, reflecting
a 24.4 percent return rate. Results of a subsequent
tally of age distributions and household sizes were com-
pared witl census data to validate the survey results.
The survey returns were consistent with census data
in nearly every case, provided that the ages and number
of persons per household revealed in the survey is con-
sistent with that of the general population.

To further validate the results and to discover any
possible biases in the postcard questionnaire, a tele-
¡rhone survey rvas conducted a-fter all of the postcards
had been retulned. Telephone numbers rvere obtained
for a sample of those residents lvho did not respond
by using the telephone company's Cross Reference
Directory.

The interviewer asked these residents t]le same
questions as those on the postcard survey. Again, no
serious biases were discovered.

A cornputer mask was designed to enter postcard
responses. The follorving inforrnation was cornputed:

1. Number of accidents for males and females by
specific age groups;

2. Number of males, females, and total ¡lopulation
of each geographic area;

3. Number of urban, rural, and total residents in
each geographic area;

4, Number of male and female cyclists and total
number of cyclists;

5. Number of urban, rural, and total number of
residents i¡r each age group;

6. Total number of bicycles in each geographic
area;

7, Average ¡rumber of bicycles per household in
each geographic area;

8. Average number of bicycles per person in each
geographic area; atrd

9. Total nu¡nber of bicycles stolen in each geo-
graphic area.

Bicycle User Srrvey

The objective of the bicycle user survey was to obtain
popuÞtion estimates of the riding habits and e4periences
of Salta Barbara County residents.

A four-page, fold-out survey was designed to include
21 questions, which covered the following areas of in-
terest:

1. Operator characteristics,
2. Rider experience and exposure,
3. Bicycle usage patterns,
4. Bicycle claracteristics, and
5. Accident ex¡leriences.

The bicycle user survey was talen to elementary,
junior high, and senior high schools throughout the
county; the University of California; and a two-year
college in northern Santa Barbara County. To obtain
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Elementary
Junior high school
Senior high school
College
Adults

Total
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the adult bicycle-riding populations, surveys r¡r'ere
given at the department of motor vehicles in northern
a¡d southern Sanla Barbara County.

The following is a breakdown of surveys obtained
through this effort:

North South
County ç9{!y Total

535 841
329 514
266 4Bt
317 385
32,O 376

1767 2603

Telepho¡re Surveys

The objective of the telephone interview was to deter-
mine the function failure, environme¡rtâl, psychological,
and contributing factors of the particular types of ac-
cidents isolated in tlre bicycle user survey. Ultimately,
the similarities and differences between the types of
accidents were determined as a result of this interview
survey.

All of the bicycle user surveys lvere reviewed to
isolate those that included accidents that took place
during the last 24 ¡nonths as well as those that resulted
in either physical injury or property damage. No sur-
veys were included in the telephone interviews unless
prior ¡rermission from the victim had been secured
(this was determined by the victim's signature on the
user survey).

At the same time the telephone surveys were being
conducted, a bicycle-use survey was being develo¡red
by the Santa Barbara County Trans¡rorlation Study,
which rvas funcled by the Federal Highway Administra-
tion and the state of California. The Atascadero Creek
and Cabrillo surveys were conducted on new separated
bike paths in southern Santa Barbara County. At our
request, this research team included on their survey a
question that asked for the name ancl ¡rhone number of
bicyclists who lrad acciderìts on separated bikeways,
Through these surveys we vrere alrle to add to the num-
bers of documented adult accident experiences on
se¡rarated bikeways otler tlan on the university campus.
After all telephone interviews were completed, the
surveys were grouped into accident types. Similarities
and trends were evaluated on the basis of the following:

1. Accident types,
2. Sex of victim,
3. Riding experience,
4. Road type and configuration,
5. Speed of the bicyclist,
6. Type of bicycle used,
7. Condition of the bicycle,
8. Amount of property damage, and
9. Other contributing factors.

A total of 206 accident victims were contacted for tele-
phone interviews; 38 telephone surveys were talen
from the Atascadero and Cabrillo bikeway surveys.

OVERVIEW OF PRO.IECT

Infor¡nation from the postcard survey yielded estimates
of the proportionof residents of Sanüa BarbaraCountywho
ride a bicycle at least once per year. The percentage
of bicyclists who ride was tabulated by age, sex, and
census tract. Information concerning the size and dis-
tribution of the entire resident ¡lopulation of Sant¿
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Barbara County was obüained from a special ce¡rsus
conducted in 1975. This special census yielded data
on the size of the resident popuÞtion by age, sex, and
census tract. The size of the bicycling distribution
for each subpopulation was obtained by multiplying the
numþer of residents in that subpopulation by the esti-
mate of the percenLage of residents within that sub-
¡ropulation who ride bicycles. This procedure yielded
estimates of the size of the bicycling popuÞtion by age,
sex, and census tract.

The postcard survey also yielded data on the per-
cenlage of bicyclists who have had at least one aecident
during the past 12 months. This percentage of bicy-
clists was tabulated by age, sex, and census tract.
The number of bicyclists in each subpopulation was
multiplied by the estimates of the percentage of tltat
subpopulation who have had an accident during the past
12 months. This task yielded estimates of the size of
the accident population by age, sex, and census tract.

One of the main objectives of this study was to
identify the types of NMV accidents that occur and the
factors that contribute to each tlpe of accident. The
detailed data on accident types and contributing factors
were obtained during telephone interviews of accident
victims whose names and telephone numbers were
identified by the bicycle user survey.

Another product of the bicycle user survey was data
on the bicycle usage patterns of Sa¡ta Barbara County
bicyclists. The primary objective in obtaining in-for-
mation on bicycle usage was to obLain quantitative daüa
to use in comparing the relative exposure of the accident
population ard nonaccident popuÞtion. The final index
of exposure was estimates by bicyclists of the number
of kilometers traveled on a bicycle during an average
week. Such exposure data are needed to fully interpret
the in-formation on accidents.

Wlren attempting to assess tlte cost-effectiveness of
accident countermeasures, it is useful to be able to
compare the estimated cost of countermeasure pÌograms
with the magnitude of societal loss that results frorn
accidents. Accident cost data \¡/ere esti¡nated through
a consideration of tlte accident consequences derived
from the tele¡rhone survey and information on the aver-
age cost of generic types of property damage and in-
juries.

FINDINGS

Postcard Survey Results

A total of 18?4 postcard questioruraires were returned,
which provided inJormation on a total of 46?4 residents.
To assess the representativeness of the sample of residents
who responded to the postcard survey, the age distribu-
tion of the respondents to the postcard survey was com-
pared with the age distriþution of county residents as
measured by a special county\Ã¡ide census taken in 1975.
Residents younger than 5 and residents older than 65
years of age were underrepresented in the postcard
survey, whereas residents whose ages fall between
these two extremes lvere overrepresented slightly.
Although these biases are statistically significant, they
are exceedingly small for any mailback survey. Dis-
courting the two extreme age groups, a difference be-
tween percentage values for the various age groups never
exceeds 1.4 percent a:rd, for most age groups, the dif-
ference is less than 1 percent.

The representativeness of the postcard data was
also assessed by comparing the postcard daüa ar¡d
census data in terms of the average number of residents
per household. It was found ttøt these two percentåge
values differed by less than 0.3 percent. Based on
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these findings, the biases iu tlre postcard survey are so
small that they have little effect on the population esti-
mates of the size a¡d distributio¡r of the bicyeling
population ar¡d the accident popuÞtion.

Careful study of the census data a-nd the data obtained
by the postcard survey indicates that tlte county could
be geographically subdivided into two subpopulations,
hereafter referred to as North County and South County.
The residents who reside within each of these sub-
populations are homogeneousr but the residents residing
in North County differ in several important respects
from the residents who reside in South County. It was
also found that bicycle usage by males differed from
bicycle usage by females. For these reasons, the size
and distribution of the Sa¡rta Barbara bicycling popula-
tion was derived for four subpopulations: North County
males, North County females, South County males,
ar¡d South County females. The number of bicyclists
in each age group was derived by multiplying the num-
ber of residents in that age group (as indicated by the
19?5 census) by the percentage of residents in that age
group who identified themselves as bicyclists on t¡e
postcard survey. The results of this analytical proce-
dure are presented in Table 1.

Estimates of the size of the bicycling population in
Santa Barbara County are shorvn in Table 1 by geo-
gra¡lhical area, sex, and age. The bottom row of
Taþle 1 provides estimates of the size of the bicycling
population for all ages comlrined; the three columns on

the right-hand extreme of Tabte 1 show estimates of
the size of the entire bicycling ¡ropulation. The reader's
attention is directed to tle following findings:

1. It is estimated that there are about 179 000 bicy-
clists in all of Santa Barbara County.

2. Abotrt 59 percent of the lricycling po¡luÞtion
reside in South County and 41 percent reside in North
County. For the entire county, about 53 percent of the
bicycling population are males and 4? percent are
females. The ratio of male to female bicyclists is
higher in North County (55 percent males-45 percent
females).

3. For females, the 15 - to 19-year-old group con-
tains the most bicyclists, but tlre 20- to Z4-year-old
group is only sliglttly smaller.

The age distribution was found to be typical of the age
distributio¡rs reported for many other U.S. communities.
That is, the relative number of bicyclists increases
rapidly after age 5, reaches a peak between ages 10 and
14, and declines steadily thereafter. The age distribu-
tion of bicyclists rvho reside in South County is cotl-
siderably different from the age distributio¡r of North
County bicyclists. In South County, the relative nu¡n-
ber of bicyclists is greatest for the group aged 20-24;
and the group aged 10-14, which was larger than
any other in North County, is the fourth largest
age group in South County. The large llurnber of young
aãult bicyclists i¡r South County is partly the result of
the large number of college and uuiversity students
who reside in the Santa Barbara area and partly the
result of clifferent bicycle usage patterns by young
adults who are not students. Combining North alrd
South County lricyclists results in an age distribution
that indicates that the relative size is trearly the same
for the groups aged 10-14, 15-19, and 20-24; it also
indicates that the groups aged 5-9 and 25-29 are about
the sarne size.

The relative size of the male and fe¡nale bicycling
¡ropulation is nearly the same for every age grou¡r. The
only notable differe¡rce is that, in North County, a
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targer proportion of females between the ages of 25
and 40 are bicyclists.

Examination of the differences between the age dis-
tributions of North County and South County bicyclists
shows that the trends are tlre same for male and female
bicycüsts but are more pronounced for female than
male bicyclists. The trend, as discussed above, is that
the largest age group in North County is the group aged
10-14, whereas the Þrgest age group in South County
is the group aged20-24. Note that about 18 percent
of the male bicyclists and more than 23 percent of the
female bicyclists in South County are between the ages
of 20 and 24. Figure 1 shows in graphic form the age
distribution of North and South County bicyclists witlt
male and female combined.

The respondents to the postcard questionnaire were
asked to identify for each bicyclist in the household the
number of bicycle accidents experienced in the þst 12

months. Bicyclists who had e¡perienced a bicycle
accident in the past 12 months wele grcuped together
a¡rd will be identified herea-tter as the accident group.
Bicyclists who had had no accidents in the past 12

months were grouped together and will be referred to
herea-fter as the nonaccident group.

Table 2 shows the age distributions of the accident
group and the nonaccident group for North County and
South County se¡rarately and combined. Age distribu-
tions are not shown by sex because the number of in-
dividuals in the North County accident group is too
small to enable a comparison to be made between the
age distribution of male and female accident victims
in North County. Moreover, an examination of the age
distributions for the r¡¡ale and female accident victims
in South County revealed no tnajor differences. Table 2

shows that the age dist¡ibution of the Nortl County
accident group is bimodal. That is, a secondary peak
is reached for the group aged 5-9 a¡rd the primary peak
is reached at the group aged 15-19. TIte age distribu-
tion of the South County accident group is quite different.
It can be seen that nearly 48 percent of bicyclists in tlte
South County accident group are between the ages of 20

and 24. The group aged 15-19 is the next tnost frequent,
accounting for nearly tb percent of all bicyclists in the
accident group. The group aged 10-14 is the third most
frequent, accountiug fo¡ about 14 percent of the bicy-
clists in the accident grouP.

Figures 2 and 3 enable an easy comparison of tìe age
distributions for the accident and nonaccident groups;
Figure 2 shows the data for North County and Figure 3

shows the data for South County. Figure 2 shows that
bicyclists between the ages of 15 a¡rd 24 arc grossly
overrepresented in the accident group; the overrepre-
sentation is greatest for the group aged 20-24. \¡fith
only three minor exceptions, aII other age groups are
underrepreseltted in the accident group. Figure 3 shows
that South County bicyclists between the ages of 10 and
24 are overrepresented in tlre accident group, and that
all other age groups are underrepresented in the accident
group. The over-representation is only slight for bicy-
clists in the groups aged 10-14 and 15-19. However,
the over-representation of 20- to 24-year-olds in the
accident group is extremely large; bicyclists between
the ages of 20 and 24 account for only 17 percent of the
bicycists in the nonaccident group, but they account for
nearly 48 percent of the bicyclists in the accident group.
It is clear from the above findings that accident counter-
measures aimed at 20- to Z|-year-old bicyclists have
the potential for reducing total accidents by a sub-
stantial margin. However, as is true itr most other
communities, substantial accident-reduction benefits
can be ex¡rected from effective countermeasules aimed
at younger bicyclists.
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Table 1 . Estimated number of bicyclists in north and south Santa Barbara County.
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North Countv South Countv

Mâle Fcnì alc Mâle Fernâle Total Bicyclists

Agc Mâle Female Combined

\5 43?3 30.2
5-9 5 230 92.8
10-14 6 665 98.1
15-19 0 565 86.3
20-24 0 985 71.7
2t-29 4 8?5 68.5
30-34 3 ?83 61.9
35-39 3 88? 55.r
40-44 3 ?15 60.?
45-49 3 269 63.6
50-54 3 0?4 56.4
55-59 2 476 36.4
60-64 I 8?6 36.4
65-69 1 641 27.3
70-'t4 t 0?5 55.6¿'t5 1 213 50.0

Total 60 ?04 66.?

t ?.1 0?8
92.9 4 565
91.8 5 52 I
8l.l 4 558't2.2 3 r35
't3.'t 2 991
56.9 2 3t2
?3.0 2 794
54.5 I 898
49. l 1 549
33.3 1 032
20.0 459
21.6 544
0.1 2

75.0 ?99
11.1 t86

s9.9 33 023

3 ?35 19.1 ?r3
5 045 92.0 4 641
6 102 99.2 6 053
8 4?6 8?.9 ? 450

10 589 8?.3 I 244
8 15? I't .7 ? 154
5 46? 70.',t 3 865
4 l?0 6?.8 2 827
4 001 ?1.6 2 865
3 91? 6r.8 2 42t
4 r12 40.3 r 65?
3 442 52.9 I 821
3 006 3?.9 1 139
2 818 30.4 85?
2 !'t 4 2't .9 60?
2 942 3.0 88

3 866 24.5
5 154 85.4
6 348 98.3
I 224 91.2

r0 605 89.8
? 465 85.?
5 3?5 69.?
4 366 6't.,t
4 055 49.4
4 170 5?.6
4 624 47.1
3 831 30.9
3 ?91 l?.8
4 0't1 14.6
3 0?3 4.0
5 389 0.r

I 321
4 853
6 538
5 666
5 008
3 339
2 342
2 r42
2 255
2 0?9
1 734

901
684
448
598
60?

94'.1

4 402
6 240
I 412
I ã23
6 398

2 034
I 494

12 591
13 116
14 2ö2
10 493
6 207
4 969
5 120
4 500
3 391
2 722
I 823
I 305
I 205

695

1 625
I 96?

lr ?61
12 9',t0
12 658
9 389
6 058

?50
901
951
210
643
219
596
922
191

3 6t9
18 461
24 352
26 086
26 910
19 882
12 265
l0 ?19
9 021
I 451
6 601
4 365
3 042
I 901
2 121

886

3 963
4 914
0 014
5 620
4 342
4 058
4 064
3 827
3 483
3 154
3 098
2 296
I I'tz
1 580
1 065
1 6?6

746
956
003
402
1?8
184
6?5
594
123

5

40 5r5 55 126 ?8 153 68.3 53 402 85 40? 60.6 5? ?88 93 91? 84 811 t?8 ?28

Figure 1, Agedistr¡bution of Santa Barbara
County bicycl¡sts.

mated number of bicycüsts in North County is 74 000
whereas the estimated number of bicyclists in South
County is approximately 105 000. Thus, if the accident
rate were the same in North and South County, the
number of accidents in Soutl County would be only about
25 percent greater than the number of accidents in
North County. It is clear from tl¡ese results that the
accident rate in South County is considerably greater
than tltat in North County. The extent of this difference
is made clear by comparing columns 3 a¡d 6 in Tal¡le 3.
These proportions can be interpreted as accident
rates for the corresponding age group. For instance,
the ¡rumber associated with the 10-14 year age group
in North County indicates that about 1.46 NMV acci-
dents/100 bícyclists can be e{pected to occur each year.
The largest accident rate for both North County and
South County is associated with the group aged 20-24.
However, it can be seen that South County bicyclists in
this age group e:<perience more ttran 18 accidents,/lOO
bicyclists, whereas North County bicyclists in this age
group experience about 6 accidents/l0o bicyclists. The
accident rate is higher in South County for 10 of the 16
age groups, a:rd the rate is essentially the same for the
remaining six age groups.

Items were included on the postcard questioûraire to
obtain information about the number of bicycles in use
in Santa Barbara County and the number of bicycles
that are stolen each year. The findings are summarized
in the table belorv. The data are shown for urban areas,
rural areas, and for urba¡ and rural areas combined.

ligr-
-utþ_ql -nyt.l .c,Sjnb!!q4

Table 3 gives estimates of t}e total number of per- Total bicvcles 2954.00 397.00 3351.00

sons in North county and south county rvho have rräã at l||i: li:ut'* 
per household 1 'e0 2'16 1'93

reast one accident during rhe rasr 12-mo¡rrh Ë;;Ã- -" il::l 8::i:i::i::;i:J.:i,l ?:åå ?.i2 i.l)
Estimates were derived for each age group by multiply- Totat bicyctesitoten, past 12
ing the total nu¡nber of bicyclists in that age group rvho months 221.00 18.00 239.00
have reported having an accident during the last 12- Bicycles stolen per 1000 in
month ¡reriod by census group. Again, the data used _Yse . 74.8 45.3 71.3

to deriie these estimateÀ weie oufainéd f¡om the post- Bicvcles stolen per 1000

card survey and from a special census taxen in idzs. households 142'2 97'3 137'5

The data in Table 3 reveal several important findings.
First, the incidence of NMV accidents in-South County- DESCRIPTIoN oF TYPES oF
is abóut four times as great as that in North County. 

'A 
lççISEllT AND CONTRIBUTING

relatively small amount of ttris difference is attribút- FACTORS

able to the larger bicycling popuÞtion in South County
than that in North County. 

- 
ñoie in Table B that the eåti- The accident types and the factors that contribute to

KEY
¡;5 Àøilrlnnly (d't¡Lt)

II| South f¡tnty (d' zo¿2)

¿5

5-1

t0'-lq

t5-t9

n-24

?5-2q

Ð-]1

35'y

q0-15

15'Y

505'l

55'51

lâ'ttl

(t5íq

T0.?{

215



Transportation Research Record ?43

Table 2. Age d¡str¡but¡ons of the acc¡dent and nonaccident groups.
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Accideìt C rouÞ Nonaccident C;roup

North County South County Total North Countv South County Total

Age No. Pe rce Dt No. Percent No P¿¡'cerrl No. Percent No. Pe¡cent Pcrccnl

5-9
10- r4
15- r9
20-24
25-29
30- 34
35-39
40-44
45- 49
50- 54
55- 59
60- 64
65- 09
70-74
>75

Totat

3.3
16.?
10.0
23.4
20.0

3.3
3.3
6.?
3.3
6.?

8.1
13.8
14.9
4?.9

6.2
3.7
1.2
1.2
1.2
0.6
0.6
0.6

0.5
9.4

13.1
16.2
43.5
5.8
3.?
2.1
1.6
2.1
0.5
0.5
0.5

0.5

0
t3
22
24

l0
6

I
18
25
31
83
t1
,|

4

4

t
t
I
0
0

I
l9¡

11 0.9
226 19.4
202 l?.3
169 14.6
88 ?.5

1 10 9.4
83 1.1
't2 6.2
57 4.9
53 4.5
34 2.9
23 2.0
21 1.8
I 0.?
5 0.4
5 0.4

I 16?

t? 0.9
105 8.7
22t 11.?
242 r2.8
342 18.0
257 13.5
168 8.8
t24 6.5
93 4.9
?6 4.0
61 3.2
60 3.2
37 1.9
20 t.l
14 0.?

_2 0.1

I 899

28 0.9
391 12.8
423 13.8
411 13.4
430 14.0
30? 12.0
251 8.2
196 6.4
150 4.9
129 4.2
95 3.1
83 z.'.t
58 1.9
28 0.9
t9 0.6
't 0.2

3066

0
0

3.3 0

161

2

0
0
0
0
0
t

30
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Figure 2. Comparison of age d¡str¡bution of North
County accident and nonaccident groups.

acciclents were defined from a sh¡dy of the data com-
piled from the telephone interviews with the accident
victims. Eight of the 206 accident cases investigated
proved to be bicycle-motor vehicle accidents, so the
following results are based on interviews with 198
bicyclists who recently were involved in NMV accidents.
The information obtained for each case was studied by
three members of the project ståff. Each staff rnembet
made indepenclent judgrnents about the factor that pre-
cipilated the acciclent and the one or more factors that
contributed to the accident. Differences in judgments
about precipitating factors and contributing factors were
resolvecl through cliscussion.

An attern¡lt was made to contact virtually every

Figure 3. Comparison of age d¡str¡bution of South
County acc¡dent and nonaccident groups.

bicyclist in the user survey who reported having had a
recent NMV accident. Many bicyclists, especially
young adults, could not be locatecl because of ar address
change. For this reason and others, the sample of
bicyclists interviewed cannot be considered representa-
tive of the total accident popuÞtion in Santa Barbara
County. To correct for ilre biases in the telephone sur-
vey daüa, the age distribution of the sample of bicyclists
in the telephone survey was multipliecl by weighting fac-
tors such that the age distribution for the telephone
survey matched the age distribution of the accident
population in Santa Barbara County, as revealed by the
postcard survey. This age distribution is shown in
Tabte 2 and discussed above. The weighting factors
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Table 3. Est¡mates of the total number of persons in North
County and South County who have had at least one accident
during the last 12-month per¡od.

used for each of the age groups
table:

Bicyclist'sAge- Weightin_gFactor
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North County Bicyclists South County Bicyclists

Had EstiDìated
Acciderìt Nurnber of
(1'l Accidents

llad Estimated
Accident Number o[
(1) AccidentsNumber

<5
ã-9
10- l4
15- 19
20-24
25-29
30- 34
36- 39
40-44
45- 49
50- 54
55- 59
60-64
05- 69
't0-74
¿?5

Total

1 999
I 418

12 059
r0 224
8 r43
6 330

8.33
2.16
1.46
3.98
6.3I
0.90
1. t9
2.10
1.72
3.64

167
203
l?6
407
520

57
55

133
't1

132
0
0
0
0
0

132

2053

1 660
I 043

t2 293
15 862
18 761
r3 552
? 611
5 ?83
4 8ô8
4 823
3 835
3 005
I 814
I 451

?30
93

105 190

654
933
153
628
?66
360

0.00 0
?.30 818
9.05 t112
9.02 1431
18.38 3449
3.?5 468
3.4ã 263
1.59 92
2.11 103
2.ã6 t23
1.61 62
1.64 49
2.63 48

0
0
0

801 I

1 228
450

I 39?
?93

?3 535

As the accident types are discussed in the following
pages, two percentage values are given for each type of
accident. One percenüage value indicates the proportion
of accidents in the unweighted sample that is accounted
for by that accident type. The other percenlage value
indicates the percentage of accidents in the weighted
sample that is accounted for by that accident, When
percentage values for the weighted and uilveighted
sample are approximately the same, it can be concluded
that that accident type is reÞtively independent of
bicyclists'age; or, stated differently, accidents of that
type are experienced by bicyclists of different ages.

Class A Accidents-Collision or Near

AII of the accidents included in class A involved the
colüsion of a bicyclist rvith another moving object or a
bicyclist falling or colliding rvith a fixed object while
attempting to avoid a collision with a moving object.
CÞss A accidents were subdivided into the four accident
types listed in the table below. Class A accidents ac-
counted for slightly more than 28 percent of the NMV
accidents in tåe weighted sample.

Type 1: Collison with Another
Bicycle

The table above shows that accident type 1 accounts for
slightly more tìan 21 percent of the NMV accidents in
tJre weighte{ sample. (Hereafter all percenüage values
cited in the text refer to the weighted sample.) Type 1

accidents can be divided into five distinctly different
subtypes, based on the factor t.hat precipitated the acci-
dents. The subtypes are listed below along with the
percentage of all type 1 accidents that were accounted
for by that subtype.

S\rbtype l-misjudged the intentions of tJle other
bicyclist-63 percent;

Subtype 2-obstructed view of another bicyclist-l3
percent;

Subtype 3-distracted, not Iooking in direction of
other bicyclist-8 percenti

Subtype 4-misjudged the space required to overtale
and pass-8 percent; and

Subtype 5-game plåyrng or stunting-8 percent.

All of the accidents classified into subtype 1 involved
a bicyclist who observed the other bicycle soon e¡rough
to avoid the accident, but failed to do so because he or
she misjudged the intentions of the other bicyclist.
Subtype 1 accidents most commonly involved two or
more bicyclists who were riding together, either
abreast or in tandem. The accidents occurred when
one of the bicyclists unexpectedly turned, slowed speed,
failed to turn, or failed to slow. An une4pected turn
was the most common type of misjudgment.

A smaller, but nevertheless important, number of
subtype 1 accidents involved bicyclists who were not
riding together but were approaching one another on
either an orthogonal path or a parallel path. In most
of these cases, both bicyclists misjudged the intentions
of tlte other.

All subtype 2 accidents occurred when one bicyclist's
view of the otler was obstructed until the bicycles were
in such close proximity that the accident could not be
avoided. In all cases, tlre bicycles approached one
another on orthogonal paths. The objects tllat ob-
structed the bicyclist's view were vegetation or parked
motor vehicles.

All the bicyclists in subtype 3 were distracted and,
therefore, were not searching in the direction of the
otler bicyclist. All subtype 4 accidents resulted from
a bicyclist's misjudgment about tìe space required to

is shown in tìe following

<5
5-9
10-14
15.19
20-24
25-29
30-34
>35

1.00
4.60
2.30
1.18
7.13
2.32
7.40
1.00

Sample

Ø)_
Weighted
Sample
P/"1Accident Description

Type 1-Collision or near collision with another
bicycle 19.1

Type 2-Collision or near collision with animal 1.5
Type 3-Collision or near collision with
pedestrian 1.0

Type 4-Fell or struck fixed object when evad.
ing collision w¡th motor vehicle 2.0

Total class A (N = 47) 23.6

21.2
1.5

4.6

_ 
1.0

28.3
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overtale and pass another bicyclist' That is, one
bicyclist attempted to overtake and pass another
bicyclist at a point where there was insufficient space
to do so safely. All subtype 5 accidents occurred when
two or more bicyclists were game pÞying or sh¡nting.

Type 2: Collision or Near Collision
with Animal

Nearly every book on bicycle riding warns of the hazards
associated with animals chasing bicyclists or unex-
pectedly dashing into the bicyclist's path. The table
shorvs that collisions or near collisions with animals
accounted for only 1.5 percent of the NMV accidents
in the weighted sample. The low incidence of this type
of accident may be due to the fact that mostr and per-
haps all, communities in Santa Barbara have leash
Þws for dogs. It would be interesting to compare the
incidence of this accident type in Sa¡ta Barbara County
with the incidence in one or more communities that do
not have a leash Law.

Type 3: Collision or Near Collision
with Pedestrian

A collision or near collision with a pedestrian accounted
for only 1 percent of the accidents in the unweighted
sample but accounted for nearly 5 percent of the acci-
dents in the weighted sample. This difference is due to
the fact that this accident type more often involves
older riders than younger riders. The incidence of
bicycle-pedestrian accidents in the telephone survey
was too small to make a definitive statement about how
and why they occur. Holvever, information obtained
from bicyclists who were riding on one of the two main
separated bicycle paths in Santa Barbara indicates tlat
the incidence of bicycle-pedestrian accidents increases
dramatically when separated bike paths are used by
pedestrians ancl bicycfsts. It was found that 3.8 per-
cent of the bicyclists interviewed on the bike paths had
recently been involved in an accident with a ¡ledestrian
on one of the two main ¡raths in the city of Sa¡rt¿ Barbara.
The data indicate that bicycle-pedestrian accidents
most frequently occur when the pedestriatr turns unex-
pectedly as he or she is being overtaken from the rear
by a bicyclist. This type accident is particularly com-
mon when the pedestrian is roller skating or riding on
a skateboa¡d.

In summary, the tetephone survey indicated that
bicycle-pedestrian accidents are uot as frequetlt as
other types of accidents on the public stleets. However,
the evidence from the bike path surveys inclicates that
bicycle -pedestrian accidents may increase dramatically
when bicyclists and pedestrians are permitted to use
the same separated bike path. Other support for this
contention comes from data on the incidence of bicycle-
pedestrian accidents on college and university campuses.

Type 4: Fell or Struck Fixed Object When
Evading Collision with Motor Vehicle

Many bicycle e¡rthusiasts claim that numerous accidents
occur when bicyctists fall or strike fixed obiects as a
result of their attem¡rt to avoid a collision with a motor
vehicle. This claim is not supported by the data com-
piled duúng this stucty. As is shown in the table, type 4

áccidents accounted for only 1 ¡rercent of the NMV
accide¡rts in the weighted sample. It is possibly that
the incidence of type 4 accidents may be far greater in
other communities within Sanla Barbara County. How-
eve!, we hgrothesized that the bicycle enthusiasts'
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claim that this type of accident occurs frequently is
based on the incidence of near accidents rather than
the incidence of actual accidents.

Class B Accidents: Fell or Collided with

As its title implies, all ctass B accidents occurred when
the bicyclist lost control of the bicycle and fell or col-
lided with a fixed object. The accident t¡rpes and sub-
types within class B are differentiated in terms of the
factors that led to the loss of control. As is shown in
the table below, class B accidents accounted for 61 per-
cent of the accidents in the weighted sample.

Accident Description

Type 5-Lost control because of irregular road
surface

Type 6-Lost control when performing stunts
Type 7-Lost control due to vehicle handling

deficiency
Type B-Lost control when carrying object in

hands
Type 9-Lost control because ob¡ect caught in

moving part of vehicle
Type 10-Lost control because of other bicycle

failure or defect

Sample
e/"1

22.6 22.6
6.5 3.6

13.6 12.6

3.0 1.4

Weighted
Sample
P/"1

13.8

7.1

61.1

11.1

8.0
Jr,

Torat ctass B (N = i29) 64.8

Type 5: Lost Control Because of IrreguÞr
Road Surface

The daLa indicate that nearly 23 percent of all NMV
accidents involve a bicyclist who lost control of the
bicycle because of an irregularity in the road surface
on which he or she was riding. Type 5 accidents ca¡l
be further divided into subtypes based on the type of
road surface inegularity that Ied to the loss of control.
The type 5 subtypes a¡e listecl belorv along with an in-
dication of the proportion of all type 5 accidents ac-
counted for by each subtype.

Subtype 1-wet pavement-l2 percent;
Subtype Z-sand, gravel, or dirt on paved surface-

30 percent;
Subtype 3-tire hit large rock or other debris-20

percent;
Subtype 4-crack, bump, or hole in paved surface-

30 percent;
Subtnle ã-sewer grate-2 Percent;
Subtype 6-rut or bump in unpaved surface-5 per-

cent; and
Subtype ?-railroad track-2 percent.

Speed was judged to be a contributing factor in 49
percent of all type 5 accidents. In about one-half of
the cases in which speed was judged to be a contributing
factor, the bicyclist was riding down a hill. The effect
of speed manifested itself by reducing the amount of
time the bicyclist had available to respond to the
irregularity of the road surfacer. increased the bicycle's
sensitivity to road surface irregularities, or both. In
3? percent of the type 5 accidents, the bicyclist ob-
served the irregularity of tlre road surface soon enough
to have slowed speed or steered arqrnd the irregularity.
In these cases, the bicyclist's failure to cha-nge speed
or path was due to misjudgment of the effect of the
iuegularity on the bicycle's performance. In short,
the bicyclist failed to perceive the irregularity as an
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accident hazard. In the remaining cases, the bicyclist
failed to observe the road surface irreguÞrity until it
was too late to initiate effective evasive action. As
indicated above, the bicyclist's failure to observe the
irregularity soon enough to respond was often due, in
part, to the bicycle's high speed.

Type 6: Lost Control When Performing
Stunts

Three-quarters of type 6 accidents occurred when a
young bicyclist was riding over a jump. It is interesting
to note that in every one of these cases, the bicyclist
was riding a Motocross bicycle. I¡ tlte remaining cases,
the bicyclist was attempting a wheelie, riding a serpen-
tine course, or riding over a curb. These three accident
sulrtypes accounted for about 25 percent of type 6 acci-
de¡rts and occurred rvith about equal frequency.

Type ?: Lost Control Due to Bicycle-
Ilandling Defieiency

The ¡rreceding table shows that more than 12 percent of
the NMV accidents in the weighted sample resulted
directly from a deficiency in the bicyclist's vehicle-
handling skill. As the term is used here, vehicle-
handling skill deficiency refers to an inadequate level
of skill to sa-fely perform tlre maneuver that the
bicyclist was attempting just prior to the accident. That
is, a bicyclist may lave a bicycle-handling skill defi-
ciency even though his or her bicycle-handling skills
are far l¡etter than those of the average bicyclist. Type
? accidents can be divided into subtypes based on the
maneuver that the bicyclist was attempting when the
accident occurred. The accident subtypes are listed
below along with an indication of the percentage of type ?
accidents accounted tor by each subtype.

Subtype 1-high-speed braking-24 percent;
Subtype 2-lúgh-speed turning-16 percent;
Subtype 3-lúgh-speed steering-28 percent;
Subtype 4-¡ror¡nal-s¡reed braking-8 ¡rercent;
Subty¡le 5-normal-speed turning-8 percent; and
Subty¡le 6 -normal-speed steering- 1 6 pe rcent.

Bicyclists involved in subtypes 1 through 3 were at
least as skilled as the average bicyclist in the age
group. Conversely, bicyclists involved in subtypes 4
through 6 were judged to have far less bicycle-handling
skills than the average bicyclist of the same age. Some
of the type ? accidents involved an irregularity in tle
roadway surface, such as wet ¡ravement or gravel.
However, it was judged that the accident was preci¡ri-
tated by the skill deficiency rather than by the roadway
surface irregularity.

Ty¡re B: Lost Control When Carrying Object
in Hands

Ty¡re B accidents occurred relatively intrequently, ac-
counting for only 1.4 percent of the accidents in the
weighted sam¡:Ie. One-half of these accidents resulted
from the bicyclist's inability to slow or stop by manip-
ulating caliper brakes with only one hancl. The other
type 8 accidents resulted from a bicyclist's inability
to steer and ¡naintain bala:rce when carrying an object
i¡r one ha.nd. The incidence of type B accidents is sur-
prisingly low in light of the number of bicyclists who
are seen riding lO-speed bicycles a¡d have only one
hand available for steering and braking.
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Type 9: Lost Control Because Object Caught in
Moving Part of Bicycle

Type 9 accidents accounted for nearly 14 percent of the
accidents in the weighted sample. Type 9 accidents ca¡t
be divided into subtypes based on the object that be-
came lodged in a moving part of the bicycle. The sub-
types of accident type 9 are as follows:

Subtype l-pant leg caught between chain a¡¡d
sprocket-32 percent;

Subtype 2-passengerrs hand or foot caught in spokes-
23 percent;

Subtype 3-object hanging from handlebars lodged in
front wheel or spokes-2? percent;

Subtype 4-chain lodged þetween spokes and frame-
5 percent; and

Subtype 5-misceltaneous-13 percent.

Type 10: Loss of Control Because of Bicycle
Defect or Failure

Subtypes 4 and 5 of accident type 9 involved a bicycle
failure. They were classified in accident type 9 because
the failure resulted in an object being lodged in a moving
part of the bicycle. It can be argued that these accidents
should be classified in type 10 rather than type 9. Type
10 accidents can be divided into subtypes based on the
part of the bicycle that'üas defective or that failed.
This classification resulted in the identification of seven
subtypes, each of which occurred rvith about equal fre-
quency.

Subtype 1-defective brakes,
Subtype 2-loose handlebars,
Subtype 3-wet brakes,
Subtype 4-bicycle frame broke,
S\btype 5-gears slip¡red,
Subtype 6-chain broke, and
Subtype ?-front wheel was loose.

High speed was a factor in 41 percent of all type 10

accidents. That is, it was judged that the bicycle failure
would not have resulted in a loss of control if the bicy-
clist had been riding at a reasonable speed.

Cþss C: Bicyclist Collided with
@
Loss of Control

The tabte below shows that class C accidents accounted
for only 10.4 percent of those in the weighted sample.

Sample
l'/:L--

Weighted
Sample
f/"1Agc rll e 11 _Drlc rj p_t|o n

Type 1 1-Bicycl¡st's view of object was ob-
structed

Type 1 2-Degraded visibility
Type 13-Bicycl¡st not seârching ahead

Total class C (N = 22)

1.0 1.3
1.5 0.4

i,l- B'7-

1 1.6 10.4

Type 11 and type 12 accidents resulted from the bicy-
clist's view of the object being obstructed (1.3 percent)
or obscured (0.4 percent) by degraded visibility con-
ditions. These results indicate that few NMV accidents
result from a bicyclist's inability to observe a fixed
object until an accident is imr¡inent. The distinguishing
characteristic of ty¡le 13 accidents is that the bicyclist
failed to observe the object struck because he or she
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uras not searching in the direction he or she was travel-
ing. Eighty percent of type 13 accidents involved the
collision of a bicyclÍst with the rear of a parked motor
vehicle. In over one-half of these accidents, the bicy-
elist was interacting with a riding companion who was
riding abreast or behind the bicyclist. In the remaining
cases, the bicyclist was communicating with a pas-
senger, searching to the rear for overtal<ing traffic, or
throwing a newspaper. These three accident subtypes
occur with about equal frequencY.

RELATIONSHIP BETWEEN ACCIDENT
LIKELIHOOD AND EXPOSURE

The bicyclists who cornpleted the questiorxraire in the
user survey were asked to indicate the number of
kilometers per week they travel on school trips, trips
to and from work, trips to visit friends and relatives,
shopping and errand trips, trips traveling to a specific
place of recreation, and recreational trips that have no
specific destination. There was no expectation that
these items would yield precise information on the
absolute number of kilometers per week ridden for
each of these purposes. However, it was reasoned
that such items would yield data in which the bias is
constarit for bicyctists in the same age group and,
therefore, would enable a comparison to be made of
the relative exposure of bicyclists in the accident group
and those in the nonaccident group.

A computer program was writte¡r to compute for
each bicyclist in the user sutvey the estimated dis-
tance traveled for all trip purposes combined. The
cornputer program then divided the bicyclists into age
groups and, for each age group, divicled the bicyclists
into an accident group and a nonacciclent group. The
distribution of kilometers traveled per week was
studiecl in the median and interquartile range for each
popuÞtion; the subpopulation was computed.

Our findings indicate that the 25th centile bicyclist
rides about ã.6 km per week (3.5 miles per week), the
S0th centile bicyctist rides about 14.3 km (8.9 miles) per
week, and the ?5th centile bicyclist ricles slightly more
than 25 km (16 miles) in an average rveek. The trends
are completely consistent with the hypothesis that ac-
cident likelihood increases rvith erçosure, as measured
by the number of kilometers traveled per week. For
every age group, the accident group reported traveling
rnore kilometers per week tÌ¡an the bicyclists of the
same age in the nonaccident group. Similarly, the
kilometers traveled per week, lile the incidence of
NMV accidents, increases consistently to the 20- to 24-
year-old group. Unfortunately, there was an insufficient
number of older bicyclists to determine whether ex-
posure, like accident frequency, decreases with age
beyond age 24,

CONSEQUENCES OF NMV
ACCIDE}ITS

In order to estimate the cost of the toLal societal losses
from NMV accidents, the following procedure was used.
Cost were divided into four major areas:

1. Doctor, dentist, and hospital costs;
2, Cost of bicycle damage;
3. Cost of other property damage, such as clamaged

clothing and books; and
4. Cost of days lost from school or work as a result

of the NMV accident.

Although the bicyclists were questioned about the
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number of days in which they were partially disabled or
suffered pain and discomfort, no attempt was made to
estimate the cost of partial disability or pain and
suffering. The method used to estimate the dollar loss
associated with each of the four categories is as follows.

Medical Costs

Most of the estimates of medical costs were derived
from cost data contained in a recent report on the cost
of motor vehicle accidents (1). Note that the cost esti-
mates quoted in Faigin's refrrt are consistently tow
because of the inflated cost of medical care that has
occurred since the report was published; however, no
more accurate cost estimates could be located. Thus,
the following costs lvere assumed for medical care;

1. Emergency-room treatment-$85,
2. Hospitat care-$100 per day, and
3. Doctor's care-$20 per visit.

When surgery or dental work was needed, the cost
estimates used were those reported by the accident
victim.

Bicycle and Other Property
Damage

At the time of the telephone surveys, few persons were
aware of the dollar cost of damage to tleir bicycle. In
numerous cases, the person simply failed to repair the
damage, or the bicyclist or a parent repaired the dam-
age as well as possible. In order to obtain information
rvitl which to estimate the cost of bicycle damage, local
e:ipert bicycle repairpersons were surveyed to obtain
their estimates of the cost of parts and labor to repair
various types of damage.

For property damage other than that sustained by
the bicycle, the cost estimates used in the analyses
were those provided by the bicyclist.

Cost of Days Lost from Work
or School

The cost of a day missed from work was assumed to be
$65. This value was computed by Faigin in 19?6 Q and
is undoubtedly higher today. The cost of a day lost
from school was assumed to be $5. This value r,vas

suggested by Cross in 1978 @ in a discussion of the
cost of bicycle-motor-vehicle accidents.

Average Costs and Total Losses

By using the cost estimates described above, it was
determined that the average cost of a NMV accident was
$106. In an earlier part of this section, it was esti-
mated that 2053 North County bicyclists and 8018 South
County bicyctists had at least one NMV accident during
the past 12 months. Thus, the amual cost of NMV
accidents is estimated to be about $218 000 Ín North
County and about $850 000 in South County or about
$1 070 000 for the county as a whole.

These cost estimates must be considered highly con-
servative in that they make no allowance for pain and
suffering. Although emotional traurna represents a real
and important societal loss, no satisfactory teehnique
has been established for placing a monetary value on
sush a loss. In addition, no consideration has been
given for the time lost by friends or relatives who care
for an injured bicyclist. Moreover, the cost estimates
cited above were based on the number of bicyclists who
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had one or more accidents during tìe past 12 months.
Since some bicyclists have more than one bicycle acci-
dent during any 12-month period, the cost estimates
cited above should be multiplied by the ratio of total
accidents divided by total accident victims. Finally,
the cost estimates must be considered conservative
because the assumed costs of medical care and days
lost from work or school are based on 19?5 dollars
ratler than 19?9 dollars.

CONCLUSION

The annual societal cost of NMV accidents has been
conservatively estimated at $1 070 000 for Sa¡ta Barbara
County. This is the first time a documented estimate
of cost has been made to confirm the magnitude of tltis
problem. With this documentation of cost, the need
has been established for a remedy.

l{henever a decision is being made concerning the
development of safety education programs, a balance
between societal cost and societal benefit must be made.
The cost of education ean only be justified if the potential
societal benefits outweigh the costs. We think that a
societal loss of this magnitude justifies extensive educa-
tional development.

Never before have Americans been as energy con-
scious as they have in recent times. Bicycle use has
become a logical alternative to fuel-consumptive ve-
hicles. Consequently, more bicycles are now on the
road than ever before. With this increased bicycle use
has come a desperate need for bicycle safety education.
In t}re current political climate, individual states as
well as the federal government are placing high priority
on the development of facilities that will encourage
bicycle use for transportation. \ilitlout balancing
education with this acceleration, we could be creating
a tremendous safety problem while striving to save
energy.
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By using research projects that Ìrave defined major
accident causes, it will be possible to direct meaning-
ful safety education to adults as well as children.
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Determination of the Characteristics
of Bicycle Traffic at Urban
I ntersections
Kenneth S. Opiela, Snehamay Khasnabis, and Tapan K' Datta

A study of bicycle traffic at urban intersections was conducted to deter-
mine the character¡st¡cs representative of this mode, The study was un-
dertaken to address information deficiencies recognized during efforts
to develop a mult¡modal-intersect¡on-simulation model. The study fo-
cused on the arr¡val patterns, approach speeds, and crossing gap-

acceptance characteristics of bicycle traffic. Traffic data were collected
from a number of intersection locations operating under mult¡modal de-
mand, which included motor vehicle. pedestrian, and bicycle modes. A
video recording procedure was used to record and subsequently retr¡eve
information relative to the various events of ¡nterest. Statistical analysis
of the data was conducted to establ¡sh the character¡stics of bicycle traf-
fic arrivals, approach speeds, and crossing gap acceptance. The analysis
of arrival data revealed that a negat¡ve exponential d¡stribution repre-
sented a reasonable model for low-to-medium volumes of bicycles. Other
arrival models were noted to be appl¡cable ¡n some cases, but the nega-
t¡ve expontent¡al l'vas preferred because of ¡ts universality and simplicity.
Approach speeds were noted to range from 3.4 to 39.6km/h l2.1to 24.6
mph), w¡th the distribut¡on of speeds corresponding to a normal curve.

Analyses of bicycle speeds on different fac¡lit¡es and the impact of bicycle
lane traffic on automobile speeds were performed. Last, an analysis of
crossing gap acceptance revealed that the d¡str¡bution of accepted gaps

corresponds to a log normal function. The results of the study are pro'

sented and the appl¡cabil¡ty of the f¡ndings discussed. Recommendations
are made for improving the procedures used and conducting further in'
vestigations.

The sale and use of bicycles for both utilitarian and
recreational travel has grown since the mid 1960s (1-3).
Transportation professiónals, in recognition of this- -
trend, had begun to give serious attention to the bicycle
mode by the mid 1970s. Many programs were initiated
to plan, design, and implement facilities for bicycle
travel (4-?).


